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ABSTRACT

Work has been continued on fuel stability, using gas-drive cokers and other test equipment to investigate the
effects of dissolved metals, fuel additives, fuel-system materials, and test conditions on thermal stability ratings. In
high-quality ruels, dissolved lead, zinc, iron, and copper in amounts as low as 25-100 parts per billion have been
found to degrade the fuel quality seriously. New test devices for measuring fuel stability have been evaluaied
critically, and new techniques have been developed. The effects uf flexible-tank liner materials on JP-7 fuel thermal
stability are being studied in long-term simulated storage tests. Apparatus for measuring fuel lubricity has been set
up, improved, and vperated to show how fuel composition can affect control valve sticking behavior. A new fuel
corrosion test has been developed and applied in drafting a recommended specification for fuel corrosion inhibitors.
Gas-chromatographic techniques for the analysis of fuels and synthetic lubricants have been developed and
improved, and luminescencc and phosphorescence spectioscopy have been studied and adapted for this purpose.
Short-term studies have been made of coagulant addiuves, fuel dyes. analytical methods for fuel system icing
inhibitor, lead-corroding behavior of fuel corrosion inhibitors, and new methods for measuring fuel demulsification
properties. Turbine engine instrumentation and control concepts have been developed to the stage of experimental
hardware and are being integrated into a complete controi system for a J-85 enginc. Operation of an existing
infosmation retrieval system has been continued and expanded.
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SECTION |
INTRODUCTION AND SUMMARY

1. GENERAL

This report describes the results obtained in the second year of a three-year program of research and develop-
ment on aerospace fuels and related areas. This work is being performed by Southwest Research Institute personnel
in Air Force facilities at Wright-Patterson AFB, supplemented in certain areas of the program by technical guidance,
consultation, and design and experimental work by staff members located at SWRI’s main facilities in San Antonio,
Texas.

Long-term investigations included in this program are described in detail here and in other Technical Reports.
Descriptions of short-term studies are also included when the recults are of general interest or are pertinent to other
aspects of the program.

The program is divided into five general areas:

Fuel research and development

Optical techniques for chemical analysis
Turbine engine control instrumentation
Fire and explcsion detection
Information retrieval.

The work on fuel research and development continues as the major activity, Work on fire and explosion
detection was terminated during the past year.

2. FUEL RESEARCH AND DEVELOPMENT
a. Fuel Stability

The stability of advanced and current hydrocarbon fuels has been investigated at normal and elevated
temperatures. Work on development, improvement, and evaluation of test devices and techniques has been con-
tinued, and these devices and techniques have been applied in problem-solving and in long-term investigations.

Modified fuel cokers with gas drive had become well standardized during the first year of this program,
and only minor efforts have been made toward furthcr improvements. These cokers have been used in a detailed
investigation of the effec's of dissolved iron, copper, lead, and zinc on the thermal stability of JP-7 fuel.
It was found that the amounts required to degrade thermal stability are lower than expected; the addition
of as little as 15ppb copper, 25 ppb iron, 100 ppb zinc, or 125 ppb of lead can degrade JP-7 fuel
significantly. The true threshold concentrations may be even lower, since some of the added metal is
usually lost in handling, transferring, sampling, and analyzing the fuel samples. This work on dissolved
metals also pointed out the need for better definition of deposit rating color codes when the deposits do
not conform to the existing standards.

Two relatively new thermal stability test devices, the Alcor JFTOT and the Erdco Precision Coker, have
been studied in connection with cooperative evaluation programs Data have been reported to the coordinating
group for detailed analysis and are presented here as a basis for liscussion and comparison of the two devices.
Extensive operating experience with the JFTOT has provided a ‘urther basis for critical evaluation and minor
madifications of the equipment. Detailed data have been accummated on JETOT temperature profiies, and pre-
liminary studies have been made of u step-test procedure in which power input requirements give some indication of
deposit formation. In the usuai JETGT procedure, major problems stiil exist in rating and interpreting the deposits
formed on JETOT tubes. Some o1 these problems may be resolved by the use of nonvisual rating systems.

1




Fuel cokers of sevewal types have been used n shoit-term investigations of tac thermal stability of
mtermixed tuels, the eftects ot fuel additives, and the effects of various fuel-system materials. A long-term investiga-
tion of tuel-clastomer compatibility is in progress, aimed primarily at elastomers used as liners for flexible fuel-
storage tanks. Large differences have been found among the elastomers used or proposed as liners.

b. Fuel Lubrnicity

Fuel lubricity has been investigated in relation to fuel control-vaive sticking, using a lubricity simulator
previously designed and constructed for the Air Force. Much of the effort during the past year has been devoted to
identifying and solving the various problems encountered in mechanical operation, component redesign and replace
ment, instrumentation, and test technique. Work has progressed sufficiently to demonstrate that the simulator can
discriminate between o pure bydrocarben and the same hydrocarbon with 50 mg/liter of oleic acid. It is now
probable that a valid fael rating technique can be developed using a reference fuel and determining relative rather
than absolute values.

c. Fuel Corrosion Inhibitors

A modified rusting test has been developed in order to improve the precision of results when testing the
presently qualitied or proposed tuel corrosion inhibitors. This rusting test, along with changes in other tests, has
heen incorporated in recommendations for revision of the present specification, MIL-1-25017B. This work has
mndicated the need for a storage stability test for corrosion inhibitors.

d. Fuel and Lubricant Anatysis and Testing

Work has been continued in the development and improvement of gas-chromatographic techniques for
wdenuitication and analysis of synthetic lubricants and Jubricant components, New liquid vhases have opened up
several possibilities in analysis that were not available before, and these are being explored. Existing techniques have
been standardized tor accumulation of a “fingerprint” file that has already proven very useful in identifying
unknown lubricants and mixtures and in following the progressive changes in lubricant composition during service or
engine tests. Gas chromatography has also been applied in the development of an analytical technique for fuel vapor
vontent in fuel-tank atmospheres, and numerous analyses have beea run in support of an Air Force program relating
to fire hazards,

Methods tor determining the content of fuel system icing inhibitors have been compared. No great
differences in precision were found. Coagulating agents for the removal of particulate matter from fuel have been
studied briely. Lead corrosion tests on commenly used fuel corrosion inhibitors have indicated that lead reaction
products can be formed and could be a factor contributing to certain fuel pump freezeup problems. The need for a
seneral study of nonterrous metal corrosion by “corrasion inhibitors™ is clearly indicated. Water separometer tests
have been studied brietly in relation to sample-can contaminants and cleaning. A new approach to fuel demulsibility
testing has been exainined briefly | with somewhat encouraging results.

3.  OPTICAL TECHNIQUES FOR CHEMICAL ANALYSIS

Studies of fluorescence and phosphorescence spectra of synthetic lubricants and additives have been supple-
mented by NMR and optical absorpiion spectrometry. Use of these techniques makes it pessible to identify or
“fingerprnt” Jubricant tormulations and in many cases to detect batch-to-batch variations of the same lubricant
formulation. Work is being continued to explore the range of applicability of these techniques in specific analytical
problems and to obtain a better definition of optimum combinations of techniques.

4. TURBINE ENGINE INSTRUMENTATION AND CONTROL

Work dunng the past year has been directed toward development of a sophisticated, flexible facility for work
- the area of engime dynamics. A multichannel data acquisition and external control system is being implemented,
s that g LRS- test engine can be interfaced with an 1BM-1800 process control computer. The engine instrumenta-
ton plan has been drawn up in detail, and a aumber of probes already built.




5. INFORMATION RETRIEVAL

Storage and retrieval of material, primarily technical reports, have been continued. The system has been
expanded so as to assimilate the documents relating to fire protection, which had previously been kept separate from
those on fuels ard lubricants, New acquisition rate has been about 30 documents per month.




SECTION I
FUEL STABILITY

1. GENERAL

The solution of problems in the thermal-oxidative and storage stability of jet fuels has continued to receive
major emphasis. Efforts have been directed primarily toward refining the present methods and developing new
methods for evaluating fuel stability. Such methods have then been used to determine not only the sunablllty of
fuels, but also the suitability of materials for use in fuel systems.

The fir>. year of contractual effort in this area was aimed mainly at the development, evaluation, and
improvement of methods for determining thermal stability.* During the second year, this work has been continued,
but emphasis has been shifted to using these test methods on a broader scale to evaluate the effects of materials on
fuel thermal stability. Work has progressed in a long-range study of the effects of dissolved metals on thermal
stability. Many short-term problems have been investigated, including the effects of proposed fuel antioxidants, fuel
dyes, coating materials, and storage system materials on fuel thermal stability. As in the past, the scope of such
evaluations has been somewhat restricted by excessive requirements for fuel sample and testing time when using
standard test methods. New test equipment and procedures currently in use have relieved this problem to some
extent and should improve matters still more in the future, Such new methods may also lead to better test precision
and thus alleviate a problem that has hampered all work on fuel thermal stability.

2. GAS-DRIVE FUEL COKER STUDIES

a. Test Equipment and Procedures

All gas-drive coker tests were run on four semiautomatic fuel cokers equipped with modified test
sections conforming to current requirements of the Coordinating Research Council (CRC). Two of the cokers we-=
equipped with standard CRC flanged-pipe reservoirs. The other two cokers were equipped with stainless steel oxygen
bottles as fuel reservoirs. These were used for the work reported in this section but were later replaced with
flanged-pipe ruservoirs. In subsequent discussion, the flanged-pipe reservoirs are termed *‘standard™ and the oxygen
bottles are termed “"nonstandard™ reservoirs,

Fl-w diagrams of the cokers are presented in Figures 1 and 2. The “CRC flow configuration” with
standard reservoir (Figure 1) conforms to the CRC requirements for gas-drive cokers. (DY The “SwRI flow configura.
tion” with nonstandard reservoir (Figure 2) represents the modified version described prev1ously.(2) In the work
reported here, two cokers have been operated in each configuration.

The primary ditference between the two flow configurations, apart from the difference in fuel reservoir,
is the absence of an in-line filter ahead of the test section in the SwRI configuration. This leads to a difference in test
procedure: The usual order, fuel prefiltration followed by aeration, is reversed in the SWRI configuration. This is
necessary to ensure that filtration is the Jast step before the actual test is started,

All tests were run for 5 hours with a fuel flow rate of 2.5 £ 0.1 b/hr. Coker warmup procedures were
standardized so that the preheater and filter normally reach their respective test temperatures 15 to 20 minutes after
startup. In the tests reported here, almost all warmup times fell between 13 and 23 minutes, with a few as long as
30 minutes.

*Since the high-temperature degradation of jet fuels in service is primarily an oxidative process, the stability of fuels at elevated tem-
peratures is sometimes called “oxidation stability.” We have retained the older term, *‘thermal stability,” which is understood to
mean the redstance of a fuel to degradation at elevated temperatures, normally with some oxygen present.

+Superseript numbers in parentheses refer to the List of References at the end of this report.
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Prehzater tubes were rated after test in both unwiped and wiped conditions. using the standard
Tuberator. The breakpoint of a given fuel is defined as the lowest preheater fuel-out temperature giving either an
unwiped preheater tube rating of Code 3 or darker. or a filter pressure ¢rop of 2.0 in. Hg or more *

The basic operating procedures, starting with ASTM D 1661, are turther defined for the CRC gas-drive
cokers in Reference (1). Additional modifications are given in Retference (2) and are understood to apply here unless
otherwise indicated.

For all of the work reported here, nitrogen was used as the drive gas. A drive peessure of 250 psi was
used in all except a tew tests in which fuel boiling necessitated an increase to 280 psi.

*Thecriterion ot 2010 Hg was adopted several years ago 1or the gas-drive coker 1in worg performed by SwRIL Currently . the standard
voker cnterton usaally aated i speaifications s 3.0 00 Hg. A scatedown to the flow rate in the gas-drive coker woald give 1.25 . Hg.
but the older vriterion of 2.0n. g has been retained.
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Preheater tubes were polished with A-1 metal polish in accordance with ASTM D 1660-69 urless indi-
cated otherwise A few tests were cun with a substitute polish, which was under consideration by the ASTM at that
tume and subsequently was adopted as standard.

b Test Fuels

Six test fuels were used in comparing various equipment and procedure modifications. These are identi-
fied here by type and specification number:

Fuel A Jp7 MIL-F-38219

Fuel B JP-8 MIL-T-83133

Fuel C JP-7 MIL-F-38219

Fuel D JP-6 MIL-J-25656B

Fuel E JP-S MIL-T-5624C

Fuel F JP-4 MIL-T-5624G
C Test Results and Discussion

(1} Comparison of Configurations and Procedures

Comparative tests were run using the two equipment configurations (CRC and SwRI, Figures |
and 2) and the respective procedures associated with these configurations. The results of these tests are summarized
in Table 1. The breakpoints obtained by the two methods usually

TABLE I FUEL BREAKPOINTS coincided. The comparison was sometimes obscured by the rather
WITH TWO CONFIGURATIONS peor repeatability of results obtained with bo:h configurations. For
OF GAS-DRIVE COKER Fuels A and B, the breakpoints with the CRC configuration were

25-50°F higher than with the SwRI configuration: this is hardly a
signiticant difference in view of the occasional out-of line results.

Heater breakpoint, ”F, Several mechanical and operating problems arose during these series
Fuel tor Cade 3 of tests. and interpretations were further complicated because of
CRC SwRI tube deposits that were abnormal in terms of location, shape, or
color,

JP-7 Fuel A 700 078
JP-S, tuel B 475 425 450* There was no significant difference in results
JP-7 Fuel C | o350 700 630 obtained with the two configurations, this is eviderce that system
JP-o Fuel D [ S50 575+ | S50-575+ cleanliness was comparable in the two configurations. In subsequent
IP-3 Fuelk 400 4001 work, we have consideres thie two configurations to be equivalent in
JP4 Fuel B 450 450 rating level. Later in the program, the two cokers originally set up in
) the SwRI configuration were equipped with standard CRC fuel
'l:::‘: t‘;::l‘:““‘:‘“ depositvat 4258 reservoirs but still operated in the SwRI flow «T‘onﬁgumtion. It
L‘llllurphmgmg aswell as tube deposits. appears chat this combination will provide optimum insurance

agatist contamination of test fuel.
12)  Evaluation of Metal Polsh for Preheater Tube

The A1 metal polish, long used to prepare preheater tubes for both standard and gas-drive coker
ot now unavalable. Ataetal polish known as “Silvo™ was under consideration by the ASTM as a replacement at
the time of the work reported hiere, This polish has since been adopted, and its use is specitied for the standard coker
M ASTM D [oo0.70

For the purposes of the present program, the two polishes were compared in gas-drive coker tests,
Breakpomts were deternined for three test tuels, using preheater tubes polished with A-1 polish. Then the break-
poants swere detenmined for the same three fuels, using Silvo-polished tubes. New tubes were installed in the cokes
the sttt ot the A senes and againe at the start of the Silvo series., For both polishes, the tube cleaning and polishing




procedure was that specified for the star.dard coker ni the time TABLE 2. EFFECT OF HEATER

(ASTM D 1660-69) and for the gas-drive coker.!) As noted sub- TUBE POLISH ON GAS-DRIVE

sequently, this procedure is not suitable for use with the Silvo polish. FUEL COKER BREAKPOINTS
The breakpoints listed in Table 2 indicate that the

change in metal polishing compound did not change the thermal sta- Heater breakpoint, °F

bility ratings for these fuels. The series was, in fact, an over-rigorous Fuel for Code 3

test of the new polish, since the incorrect rinsing procedures undoubt- A-1 polish | Silvo polish

edly left significant amounts of the polishing compound on the tube

surface. JP7,Fuel A| 675 675

JP-7, Fuel C 650 650

When using the original A-1 polish, the polished tubes

are rinsed with pentane or hexane. This same procedure was applied to JP.5 Fuel E 400* 375%

the Silvo polish in this series of tests, as we were not aware at that time
of ASTM work indicating that a rinse in toluene/acetone/isopropanol | *Filter plugging as weli as tube deposits.
trisolvent is necessary to remove the residues 1:ft by the Silvo polish.
Hence, the Silvo-polished preheater tubes in these tests must be regarded as highly contaminated. It was noted that
the Silvo-polished tube surfaces before test were a nearer match to a No. 1 or 2 color code standard than to the
No. 0 which supposedly represents a freshly polished tube. Even with the older stzadard A-1 polish, a real match to
the No. 0 standard could hardly ever be achieved, but the Silvo-polished tubes in :his series were definiteiy duller
than the A-1 polished tubes.

Subsequently, the use of Silvo polish was studied using the ASTM-recommended procedure(3),
which includes a rinse with trisolvent after polishing. Silvo-polished surfaces still had a duller finish than A-1
polished surfaces. This difference was most pronounced when polisl.ing new preneater tubes. The Silvo is not as
efficient zs the A-1 in removing the original oxide discoloration, and it requires more work to arrive at a reasonably
bright finish. With some new tubes that are heavily discolored, polishing with Silvo is very laborious and time-
consuming.

Although this problem with the polish is not critical, it would be desirable to find a better
substitute. Some effort along this line is being continued.

3. EFFECT OF DISSOLVED METALS ON FUEL STABILITY

a, Background

Earlier studies'>) had demonstrated that JP-7 fuel thermal stability 15 atfected very adversely by
contact with certain metals and elastomers during storage, and that the fuel quality deterioratinn is associated with
increases in content of dissolved copper, iron, zinc, or lead. The present work has been aimed at a clear det’nition of
the role of these four metals in degrading the thermal stability of JP-7 fuel, with a view toward using tnetal analyses
for control tests during storage and material compatibility studies.

As in the previous studies, the effects of metals on fuel stability were measured by thermal stability tests
using the gas-drive coker. All metal analyses were performed at Monsanto Research Corporation under the direction
of Dr. W.G. Scribner. The methods for trace amounts of copper. iron, and zinc have heen summarized by Lander'),
the method for iron has been discussed in more detail by Scribner, et al.“’)‘ and the method for lead has been
presented in a recent report by Scribner and Borchers.! 7 For the present work, minor changes were made in the test
methods listed in these references in order to adapt the procedures to the special problems involved.‘®) n our
discussion of the results of lead determinations, we have quoted from private communications with Dr. Scribner.
without giving specific acknowledgment in all instances. We wish to acknowledge here the close cooperation and
valuable comments of Dr. Scribner in this work.
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b.  Fuel Blending and Metal Analyses
The metals used in this program were in the form of commercial naphthenates.

tarly work in this program, reported previously‘ 2', was confined to determining the effects of dissolved
lead and zinc on the thermal stability of IP-7 fuel. Test vesults on two samples, unavailable for reporting at that
time, are included here. The JP-7 base fuel tor this earlier work was designated 10-12-T,

The base tuel tor the more recent part of the nrogram was a JP-7, heie designated Fuel A. Analysis for
tuel system icing inhibitor (FSII) indicated a trace, less than 0.02% by volume, which may well reflect the
pecultanities of the test method rather than any actual FSI in the tuel. Analyses for metal content of the fuel
showed less than 5 parts per billion for each of the four metals involved. During the program, the fuel was stored in
two aboveground, 1000-gallon, unlined steel tanks, vented to the atmosphere. The fuels are designated A-8 and A-9
to differentiate the two storage tank lots.

In the earlier work, the 10-12-T fuel was blended with lead and zinc naphthenates to prepare con-
centrates contaming 250 and 2000 ppm of meta!, respectively; tnese were kept in cold storage in one-gallon amber
glass bottles. No precipitate or other evidence of insolubility was observed. Final test blends, generziiy 14 galions,
were prepared in stainless steel containers by adding the cencentrate to 10-12-T fuel. Samples of concentrates and
test blends were submitted to Monsanto tor metal content determination,

In the more recent part of the program, similar concentrates of iron, iead, zinc, and copper naphthenate
were olended with Fuel A-8, each concentrate containing 1000 ppm of 5 single metal. These concentrates were
blended in one-gallon clear glass bottles and stored in the dark at ambient temperature. Cold storage had been ruled
vut previusly because of a solubility problem with the iron naphthenate. Even at ambient temperature, the iron
concentrate was quiie unstable, and precipitate could be observed within abcut two weeks after blending. Frequent
preparation of tresh concentrate was requived.

Test blends were prepared from these concentrates in the same manner as in the earlier work, here using
JP-7 Fuel A-X or A9,

As reported previously“’, test blends in the 10-12-T series containing lead in the parts-per-billion
concentration range lost much of this lead at some stage in the sample handling. 1t ws suggested by Dr. Scribner of
Monsanto that the most likely cause of the lead loss was adsorption on the intericr surfaces of the glass sample
bottles. In order to eliminate the possibility of such loss, a new sampling technique was adopted for lead samples:
tach sample bottle is precleaned with hot nitric acid, distilled water, and reagent-grade acetone: a fuel sample of the
proper size 18 poured into the bottle and weighed: this sample is then anaiyzed. using nitric acid for Guantitative
ttanster ot the lead from the sample bottle.

In the curent series of tests and in the 10-12-T tests reported here, this sampling technique was applied
to all metal naphthenate solutions, both tes' hlends and concentrates, to prevent any recuirence of similar problems
with the vther merals. The only change in techmique that was necessary was the use of hot hydrochloric acid instead
of mtne acid to prepare bottles for iconcontaining fuel blends,

Metal contents ot the ongimal naphthenates and of the concentrates, as determined by Monsanto, ar2
listed e Table 3 The metal contents tound tor the naphthenates were close to the nominal conterds. Also, the metal
contents tound tor the concentrates were close to the nominal (added) values. Agreement was sarticularly good for
the won and copper concentrates i the new senes, based on one analysis of each. The iron concentrates were tound
to he quite vastable i storage, and additional concentrates have been prepared and xor mies subamitted tor analy sis
to gk sere that the caleulated amounts oF won are really being transterred via the concentrates to the test blends
Nosenous metat Toss problems have been encountered with any of the concentrates.

I contrast. sweaous problems stll exist with metal 1oss Trom the tinal test blends contaimng less than
Eppmetal Dhe results trom analysais o such blends are shown wn Table 3. 10w apparent that the recovery of fead




TABLE 3. METAL CONTENTS OF NAPHTHENATES

AND FUEL CONCENTRATES
Nominal
A e
Naphthenate concentration, % metal found Vems,
% metal
% metal
10-12-T series
.
Z-1 (zinc) 8.0 8.34* 8.39% 8.431 8.39
L-1 (lead) 24.0 2420 24.2%* 4.2
JP-7, Fuel A series
Z-2 (zinc) 8.0 7.99%* 7.99** 8.02%* §.00
L-2 (lead) 24.0 23,974 24.09** 24.03
C-2 {copper) 8.0 8.13t1 8.111% 8.06tt 8.10
I-2 (iron) 6.0 58411 5.821% 5.83
Nominal
Metalfuel
concentrate concentration, + ppm metal found ppAr:)err:egteal
ppm metal
10-;2-T series
I
§-1 (zinc) 2000 2090%* 2090** 2090
S-11 (lead) 250 24744 | 247
JP-7, Fuel A series
S-HI (iron) 1000 1005 10001 § 1002
S-IV (copper) 1000 1005 1004§ 11 1004
S-V (iron) 1000 tif -
S-VI (lead) 1000 It: -
S-V1I (zinc) 1000 11t -
*Organic material was destroyed with sulfuric-nitric acid. Metal was titrated at pH 10 with
(cthyle. . cdinitrilo) tetra-acetate (EDTA) using Eriochrome Black T as indicator.
1Two-phase titration with EDTA using Zincon as indicator and 1:1:1 isopropy! alcohol-benzene-water.
$Sample was dissolved in toluene and the metal ion was extracted with aq acid and subsequently
titrated at pH 10 with EDTA.
**Sample was dissolved in toluene and the metal ion was extracted with aq acid and subsequently
titratod at pH § with EDTA using Xylenol Orange indicator.
ttSample was dissotved in tol and the metal ion was extracted into aq acid and subsequently
titrated at pH 5.5 with EDTA using PAN indicator.
$$Metal ion was titrated with EDTA at pH 3 using salicylic acid indicator after destruction of organic
matter with subfuric-nitric acids.
***Two-phase titration with EDTA in the presence of 1:1:1 isopropyl alcohol-water-fuel; Xylenol Orange
indicator at pH §.
t1tEDTA titration at pH 4.0 with 1{(2-pyridylazo)-2-naphthol indicator after destruction of organic
matter with sulfuric-nitric acid.
111 Analytical resuits ilable in time for inclusion in report.

is still very poor, despite the improved sampling technique. In the 10-12-T series, for blend M-18, less than 10% of
the 50 ppb added lead was found in the analysis. In view of such problems, several test blends were checked for
metal content at the start and end of the fuel coker tesi series on the particular blend. Such pairs of metal-content
resulis are designated A and B in Table 4. The “A™ samples are taken within 1 day after preparing the blend; the “B"
samples are taken at the end of the coker test series, generally 4-7 days later.

The results tor the iron blends indicate fairly good agreement between the amounts added and found,
with recoveries mostly in the 80-95¢ range. For two blends, the A-B results indicate slight losses of iron during the
period of running the coker test series, but the results on the whole are considered satisfactory for present purpuses.
These comments apply to iron contents in the 100-500 ppb range; no data were available for lower concentrations at
the time of reporting.

The results tor copper blends indicate fairly good agreement between amounts added and found at the
higher concentrations. and excellent ag-eement at the lower concentrations ot 100 ppb and less. Also, the A-B values
indicate no significant losses of copper trom the blends during the period of iunning the coker test series.




TABLE 4. METAL CONTENTS OF FUEL-NAPHTHENATE TEST BLENDS

Sample Metal added Amount added, Amount found,
no. or sought ppb ppb
10-12-T series
10-12.T Fe 0 s
10-12-T Cu, Zn 0 <5
10-12-T Pb 0 8
M-16A Pb 375 323
M-16B* Pb 375 156
M-18 Pb 50 9
M-19 Zn 100 t
JP-7, Fuel A-8 serles

JP-7, Fuel A-8 Fe,Cu,Pb,Zn 0 <5
M-20 Fe 500 453
M-22A Fe 500 484
M-22B* Fe 500 424
M-21 Fe 200 174
M-23A Fe 200 183
M-23B Fe 200 160
M-24 Fe 100 t
M.25 Fe 100 133
M-41A Fe 25 T
M-41B* Fe 25 t
M-42A Fe -5 t
M-42B* Fe 5 t
M-32 Cu 500 451
M-26 Cu 200 146
M-27 Cu 200 t
M-29 Cu 100 98
M-28 Cu 50 58%
M-31 Cu 50 57
M.30 Cu 25 32
M-37A Cu 25 29
M-37B* Cu 25 31
M.39 Cu 15 17
M-40A Cu 15 22
M-40B* Cu 15 t




TABJ E 4, METAL CONTENTS OF FUEL-NAPHTHENATE TEST BLENDS (Cent’d)

j tLaboratory analyus results indicate this blend was possibly contarnnated.

H

L_

Sample Metal added Amount added, Amount found,
no. or sought ppb ppb
JP-7, Fuel A-8 series (cont’d)
M-33 Cu 5 8
M-34 Cu S 7
M.36 Cu 5 6
M-38A Cu 5 o
M-38B* Cu 5 10
M-35 Cu 0 5
M-54 Zn 200 1
M-48A Zn 100 t
M-48B* in 100 H
M-51A Zn 100 i
M-51B* Zn 100 ¥
M-49A Zn 75 +
M-49B* Zn 75 t
M47 Zn 50 t
M-44 Zn 25 t
M43 Zn 5 +
M-53A Pb 500 431
M-53B* Pb 500 2583
M-52A Pb 200 181
M-52B* Pb 200 99
M-50A Pb 100 37
M-50B* T 100 b
M-d6 Po S0 14
! M43 Ph 25 <5
[
JP-7. Fuet A-9 series
M-56A " Zn 100 | t
M-56B* | Zn 100 t
M-S7A { Pk 438 +
M.57B* { Pb 438 +
M.S3A Ph 300 224
M558+ Pt RILY) | t
*Lettered samples A and B represent samples drawn (A) at same time as first cokher test and (B) alter bast
ceker tent respectively
* Results unzvailable at dime of reporting.
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At the time of reporﬂt‘mg, no zinccontent data were available for the current series «)f}OO and 200 ppb
blends. As reported previously("}, zinc blends in the $00-6000 ppb range had shown zinc conténts (by analysis)
substantially lower than the amounts added, but these data were obtained before improving the sampling techigue.

The results for the lead blends (Table 4) are generally similar to those reported previousJ)'.(2) Initial
samples taken within one day after blending show considerable loss of lead, particularly at added concer. ‘rations of
100 ppb and less. Further loss occurs while the coker test series is being run, as demonstrated by the drop in metal
content in the A-B pairs. During such a testing period, the fuel is stored in the stainless steel blending container. In
the earlier 10-12.T series, lead loss in the sample bottles was undoubtedly a major factor. For the more recent work,
however, it must te concluded that lead is lost either by adsorption on the stainless steel container walls or by actual
precipitation that cannot be detected visually.

In any case, the i:ad losses were often reflected in the coker results on a given fuel blend. Interpretation
of such coker data is difficult, since the fuel thermal stability often appears to improve as the testing progresses and
the lead concentration decreases,

The metal conterts reported in the following discussion of thermal stability are the nominal amounts
added, but the uncertainties in actual metal contents must be kept in mind when interpreting the thermal stability
test results, particularly those on leadcontaining blends.

C. Gas-Drive Coker Results on Metal Naphthenate Blends

Breakpoints for the test fuel blends are listed in Table S. The “‘base fuel” samples shown in this table are
samples taken from 55-gallon lined drums used for fuel transfer frem the storage tanks to the blending operation.
The “control fuel” samples are those t ken from the stainless stecl blending containers without any added metal.
Some of the tests were run with the SWRI coker configuration (Figure 2) with nonstandard fuel reservoirs; the later
tests were run in the same cenfiguration but with standard CRC fuel reservoirs. No differentiation is made between
tests conducted with standard or nonstandard fuel reservoirs. Breakpoints are in many cases composite results based
on several fuel blends. The previous series (10-12-T) is included and brought up to date for comparison.

Interpretation of these results is complicated not only by uncertainty as to what metal contents are
actually “seen”™ by the fuel coker, but also problems in interpreting off-color deposits, as discussed in subsequent
paragraphs. Here we will attempt only a qualitative comparison of results on the basis of added-metal contents.

The two JP-7 fuels used in this work were comparable in stability as reasured by breakpoint, the Fuel A
breaking at 650-700°F and Fuel 10-12-T breaking at 625°F. Effects of metals on these two fuels would be expected
to be at least of the same order of magnitude. It is believed that loss of metals, particularly lead, is the major source
of discrepancies in the data, and that difference between the two fuels plays a relatively minor part.

Qualitatively, we can conciude that as little as 15 ppb copper. 25 prb 1ron, or 100 ppb zinc can cause
signiticant degradaticn of JP-7 thermal stability. The analogous value for lead was 125 ppb of added metal in one
sertes of tests and 500 ppb of added metal in another series, with the true lead contents of the coker feedstocks
much lower than these values. The most surprising aspect of the threshold metal-content values is the low level of
dissolved iron concentratice at which thermal stabilitv effects are observed. Certainly this amount of iron could be
picked up very easily by JP-7 fuels that were handled in unlined steel equipment under improper conditions.

The preceding conclusions and comments are based on tests in which the metals were present in the
form of salts of organic acids: this form should be fairly typical of the contaminant metals encountered in service
Some thought has been given to determining whether the naphthenate portion of the metal-salt molecule or the
minzral spirits used as a diluent in the commercial naphthenates can have any effect on fuel thermal stability. No
feasible approach to this question has yet Leen found.

Any more profound conclusions on the effects of these metals on thermal stability will have to wait for
completion and analysis of the data for the entire group of tests. Meanwhile, certain observations of tube deposit
phenomena are of independent interest and are discussed here.
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‘TABLE 5. EFFECT OF METAL CONTENT ON FUEL BREAKPOINT IN GAS-DRIVE COKER

Metal added, ppb

Breakpoint, °F

Rematks

JP-7, Fuel A-8

None (base fuel) 675-700 (tube) Occasional test passes in the breakpoint
range.

None (control fuel) 650—>700 (tube) One set of control tests pasced up to 700°F.

5 Fe >65C

25 Fe 550 (tube)

100 Fe 550 (tube) Occasional tube failures as low as 500°F.

200 Fe 500 (tube) One test passed at SCI'T.

500 Fe 400 (tube) Occasional filter failures as low as 350°F.

5Cu 650-675 (iube) Occasional tube failures for one blend as

‘ low as 550°F.

15Cu 575 (tube) Results erratic at S50°F.

25Cu 550 (tube) One failure at 525°F.

50 Cu 525 (tube) Occasional tube fai'ures below 525°F.

100 Cu 550 (tube)

200Cu 525 (tube) Occasional tube failures and erratic
filter plugging below 525°F.

509 Cu 450 (tube) Tube failures accompanied by heavy
filter plugging (AP).

25Pb >650

50Pb >650

100 Pb >650

200 Pb >630

500 Pb 600 (filter) Filter plugging (AP) for all test tempera-
tures; 575°F marginal pass.

52n >650

25Zn >650

50 Zn >650

75 Zn 650 (tube) Occasional tube passes at 650°F.

100 Zn 550 (tube) Tube passes as high as 650°F, 11 tests run.

200 Zn 550 (tube)

JP-7, Fuel A-9

None (control fuel) >700

300Pb >700 Occasional filter plugging (AP).

435 Pb 625 (filter) Filter plugging for all tesis.

100 Zn 650 (tube) One tube failure at 625°F; only 6 tests run.

JP-7, Fuel 10-12-T

None 625 (tube)

50 Pb 575 (tube)

125Pb 500 (tube)

250Pb 500 (tube) Results erratic at 450°F.

375 Pt 300 (filter) No tube failures up to 350°F.

530Pb 300 (filter) Occasional tube failures above 375°F.

100 Zn 350 (filter) Occasional tube failures at filter breakpoint.

500 Zn 350 (filter) Tube failure at 375°F.

1000 Zn 375 (tube) Filter also plugged at 375°F.

3000 Zn 350 (tube) Results erratic at 325°F.

6250 Zn 350 (tube) Only two tests run.
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In rating coker tube deposits, iridescent “peacock™ colors are sometimes observed. These are commonly
considered to be thin deposits, somewhat equivalent to normal-color deposits corresponding to a No. 2 color code.
The ASTM D 1660 instructions for rating such peacock deposits state that they are to be recorded as “P” in rating
the tnbe sections but are not to be used in arriving at the final **maximum” rating that is the single number reported
for the test. The ASTM instructions do not deal with deposits of any color other than peacock or the normal
brownish hue. In practice, oddcclored deposits are sometimes encountered when testing supposedly normal fuels
fromt regular oroducticn. As expected, “off-color” deposits were encountered with great frequency in the tests
reported here, and in some cases these could be related to type and content of metal.

For the iron blends, heavy peacocking was observed in a number of tests. The color was rather far on the
greenish side and was sometimes wipable, sometimes not. It occurred only among tests on 500-ppb iron blends that
also gave failures on the basis of normal-color deposits. 1t did not occur for any tests at lower iron concentrations.

For the zinc and lead blends, there were several instances of bluish-white “haze” at the hot end of the
tube. Such deposits were observed frequently in tests on a 435-ppb lead blend and on 100-ppb zinc blends. The
bluish-white haze ranged from faint to moderately heavy and appeared at the hot end of the coker tube, almost
always adjacend to “failing™ deposits of norma! color (Code 3 or darker). The biuish-white deposits actually did not
ook like deposits, but rather more like reflected bluish-white light on the tube. The color was quite characteristic
and could not be mistaken for peacocking or for the blue deposits so frequently caused by copper. The blue-white
haze usually wiped off quite readily. The presence of these particular deposits was very specific to certain fuel
blends: i.e., it would not appear over a wide range of concentrations of lead or zinc. Since these deposits were almost
invariably associated with darker deposits of normal hue, they did not cause any problems in assigning pass-fail
ratings to the test results.

For the copper bleads, random peacocking occurred in tests at the 500-ppb level. However, the char-
acteristic feature for the copper biends was the occurrence of blue deposits in nearly all tests on blends with 25 ppb
or more copper. The color was typically a light blue, appearing as a band covering as much as three inches of tube
length and often extending completely around the tube. The blue bands for the higher concentrations (200 and
500 ppl:) were generally darker and larger than tor lower concentrations, and the blue bands were often divided into
several smaller, separate bands. In these instances, the entire deposit would sometimes appear in a chevron pattern
with multiple color bands in a distinct “V™ pattern on the tube with the tip of the “V” pointed toward the hot end
ot the tube. In such cases, the deposit color was sometimes light green toward the tip of the “V.” grading into light
blue at the other end. This chevron pattern did not appear at copper contents below 200 ppb; areas of continuous
light-blue stain were generally present at copper contents of 25-100 ppb.

All of the blue deposits from copper blends occurred upstream of the hottest position of the tube.
Evidently these deposits form at tube-surface temperatures lower than those required for “normal” deposits with a
given fuel. The positions or the blue deposits were correlated with tube surface temperature, using the relations given
in Reference (9): it was found that the blue deposits formed at a tube-surface temperature of about 475-500°F,
regardless of the metal concentration of the blend and regardless of the test temperature (fuel-out temperature).

All of the blue deposits were wipable, i.e., they were removed compietcly by wiping the tube once with
4 soft lab towel.

The presence or absence of blue deposits had nothing whatever to do with the presence or absence of
normal-colored deposits on the rest of the tube. For instance, in 35 tests on blends containing 50-500 ppb of copper,
the blue stain appeared in all but one test. This same group included tests above and bel»w the “‘breakpoint™ as
detined by the normal-colored deposits. i.e., it included tests with preheater ratings of well below 3 as well as tests
with preheater ratings of 3 and above. The nature and amount of blue deposits appeared to vary primarily with the
copper content of the test tuel, while the nature and amount of normal-colored deposits was influenced by test
[L‘H\pCl’ﬂ(llTL‘ and copper content,

In 24 tests on blends contairing 5 ppb of added copper, blue deposits were observed only once; and in
2 tests on blends containing 15 ppb ot added copper, no blue deposits whatever were observed. These groups of

tests also included “failing™ and “passing™ tests as rated by the normalcolored deposits.
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In assigning the breakpoin: temperatures to these fuel blends, we have chosen arbitrarily to ignore the
blue deposits and to base the ratings solely on the normal-cclored deposits. The question of how to rate tubes having
odd-colored deposits (other than peacock) is not covered in ASTM D 1660, and, in fact, no firm guidelines exist. We
understand that certain British work has demonstrated a drop in heat transfer coefficient caused by blue deposits at
temperaiures too low to cause any “failing” deposits in coker tests. However, so far as we know, details of this work
have not been made generlly available in the United States. The problem of rating abnormal-colored deposits does
merit further study, since such deposits are encountered in real fuels as well as in laboratory blends of the type
tested here. One must doubt whether such deposits can ever be rated adequately by any method of visual rating or
by light.reflectance techniques.

The blue deposits obtained in the tests reported here did show a rather startling color change when
viewed in ordinary “cool white” fluorescent light in the laboratory, rather than in the Tuberator. The light blue
color observed in the Tuberator generally became a distinct
brown under fluorescent light, sometimes corresponding TABLE 6. OCCURRENCE OF BLUE STAINS
quite closely to a No. 3 or 4 color standard. This change is IN COKER TESTS ON COPPER-
the reverse of what would be expected, since fhuorescent CONTAINING BLENDS
lighting will ordinarily accentuate rather than suppress the
blue tones. This observed change does introduce even more

unknowns into the questions of deposit significance and | Copper | Total number |  Coker Test fuel
rating techniques. added, of coker tests with | breakpoint,
ppb tests blue stain °F
A summary of the presence or absence of blue
deposits in testing fuels with various contents of added 500 6 6 450
copper s given in Table 6. Also shown are the correspond- 200 12 12 500525
ing breakpoints based on ‘“normal” deposits only. The 100 5 5 550
5 ppb of added copper had little or no significant effect on 50 12 11 525
breakpoint, and blue stain was observed only once. This 25 12 8 550
, small amount of copper could well be “lost” before it 15 12 0 575
g reaches the coker hot section, and the presently available 5 24 1 650675

! analytical techniques are not adequate to follow changes in

i copper content in this extremely low range. With 15 ppb of added copper, the breakpoint dropped some 100°F, but
no blue deposits appeared. With 25 ppb of added copper, there was very little added effect on breakpoint, but blue
deposits did show up in most of the tests. Further increases in added copper content up to 200 ppb gave only
moderate decreases in breakpoint, and the blue deposits persisted and generally became greater in amount. Only at
500 ppb of added copper was there a marked drop in breakpoint.

One of the most interesting features of these results is the marked effect of as little as 15 ppb of added
copper on the fuel breakpoint, and the lack of any further drastic effects when up to 100 or even 200 ppb of copper
is added. Apparently a very small amount of copper is needed to catalyze the reactions that form “‘normal” deposits
in this particular fuel. When more copper is added, the excess simply reacts and forms blue deposits on the tube at
temperatures below those needed to form the “normal” deposits. This hypothesis is a reasonable explanation of the
observed facts, but it should not be expected to apply at still higher copper concentrations or with other base
fuels.

d.  Auxiliary Tests

Various samples of the JP-7 Fuel A test blends were checked for WSIM and other specification require-
ments, to determine whether the added metals had changed any fuel characteristics other than thermal stability. Test
iesults are still incomplete, Thus far, it has been found that no significant changes were caused by 5-100 ppb added
copper, 5-25 ppb added iron, 25-50 ppb added lead, or 550 ppb added zinc. Blends with SO and 100 ppb added
copper gave essentially the same WSIM values as the base fuel, Blends with 500 and 200 ppb added iron gave WSIM
values lower than that of the base fuel by some 30 units on the 100-WSIM scale.
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e Status and Future Plans

When the gaps in the data for the present series have been filled in. this work on the effect of single
metals on JP-7 thermal stability will be complete. An attempt will be made to analyze the data so as to relate fuel
thermal stability to actual metal contents of the samples at the time of the fuel coker tests. This will be difficult,
since the test series had been predicated on obtaining stable metal solutions. However, it should be possible to obtain
a better quantitative picture than is now available. Some additional work may be necessary to define metal loss rates,
in order to predict actual metal contents of the test blends.

Several other investigations of contaminant-metal etfects had been planned, but the difficulties encoun-
tered with the present approach suggest that broad changes should be made. Some consideration has been given to
dispensing with the metal analyses altogether, simply adding known amounts of metal concentrates to the fuel in the
coker reservoir immediately betore testing. Consideration has also been given to use of a testing device other than
the gas-drive coker. The possible advantages of such changes must be balanced against the loss of continuity of
background data already obtained. These questions will be resolved in the near future.

Work is planned in determining whether combinations of two or more contaminant metals have syner-
gistic effects in degrading fuel quality. This question is of considerable practical importance, since fuel handling
systems obviously cannot be relied upon to contribute a single metal to the fuel. It is also oi’ some importance to
determine whether lead in the form of tetraethyllead will behave in the same manner as lead in the form of the
naphthenate. [t this proves to be the case, studies of other metals may be warranted. Finally, it would be desirable to
extend the studies to other types of fuels and to determine whether commonly used fuel additives will change the
threshold levels at which metal contents become important,

¢ EFFECTS OF COATINGS ON FUEL THERMAL STABILITY

Four cpoxy coatings for tuel-tank interiors were checked tor effects on fuel thermal stabiliiy and other
tuel properties, using procedures generally similar to those specified in MIL-STD-1262. These tests were
intended to determine the suitability of the coatings as qualified MIL-C-4556C materials for use with aircraft
turbine-engine tuels.

The ftour coatings, designated here as A, B, C, and D, were supplied for this work in the form of
coated panels.

Eftects on tuel thermal stability were evaluated by soak tests in JP-7 fuel, using two coated panels with
10 gallons of test tuel to give an area/volume ratio of S0 in?/gal. For each coating tested. two such assemblies with
panels and one control assembly without panels were
stored for 35 days at 70-90°F, after which the tuels were
tested in gas-drive cokers using the standard CRC con-

TABLE 7. EFFECT OF EXPOSURE TO COATINGS
ON JP-7 FUEL BREAKPOINT IN
GAS-DRIVE COKER

tiguration,
T The results of these tests are summarized in
Fpoxy coating = ”“"}” b"“’kp‘l‘”‘h F Table 7. For coatings A. C. and D, fuels exposed to the
code no r‘“: | («;nlm Sf’d‘l( coated panels gave breakpoints at least as high as those
e uel tue of the base fuel ard control fuel. Fuel exposed to
i ; ) coating B gave a breakpoint SO°F lower than that of the
A 630 700 700 675 nen Fal - . - i carine o factc
base fuel and control fuel. A repeat of this series of tests
; | ) indicated that coating B had no degrading eftect on
B (testsenes ) 675 673 625 Y & & &
A i ) N thermal stability
Bttestseries [ | 630 78 ! T 650 675
| In all of these tests, breakpoints were 623°F or
¢ 630 675 700 | 675 700 . F
higher, and tne variations appeared to be caused by the
- . _ . . | usual difficulties with lack of precision in coker tests at
D 67s 630 075 | 630 673 . .
S, - 1 these high temperatures rather than any effects ol

lo
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previous exposure to the coatings. All breakpoints were based on preheater tube ratings; filter plugging was observed
only in one test. I¢ is concluded that these coatings do not have any signif:.ant effect on JP-7 therinal stability.

The coatings were also checked in 2-gallon exposure tests witk P-4 and JP-5 fuels. inspection tests on the
fuels indicated that exposure to the coated panels had not produced any significant changes in fuel properties.

5. EFFECT OF PIPE SEALANT ON JP-7 THERMAL STABILITY

Since JP-7 fuel systems are constructed for the most part of materials that will not contribute contaminants to
the fuel, the role of “minor’ materials in the fuel system may become quite important. One such material is the
sealant used in pipe joints. A sealant identified as Code No. 554 was furnished for evaluation of its effects on JP-7
fuel thermal stability.

Two 55-gallon epoxy-lined drums were filled with a JP-7 fuel, designated Fuel G, filtering through a 0.45-u
membrane filter as the fuel was transferred to the drums. Six cubes of the Code 555 sealant were placed in each
drum, giving a nominal surface-to-volume ratio of 2.1 in®/gal. The true ratio during the test is indeterminate because
of blocking of some sealant surfaces by contact with the bottom of the drum and because of changes in the sealant
surfaces during the fuel storage period. Fuel samples were drawn after 1, 2, 4, and 6 months of storage at indoor
ambient temperature.

Thermal stability of the base fuel and of the fuel after exposure to the sealant was determined by tests in the
research fuei coker with the fuel reservoir held at 300°F. The breakpoints for these tests are summarized in Table 8.
The base fuel gave a sharp breakpoint at
550°F with no evidence of filter plugging;
the fuels after exposure to the scalant
gave breakpoints about 25-75°F lower,
with numerous instances of filter
plugging. Most of the filter plugging
occurred in the 450475°F range. Since

TABLE 8. EFFECT OF SEALANT ON JP-7 FUEL BREAKPOINT
IN RESEARCH COKER

Reservoir temperature, 300°F

no tests were run on the base fuel in this Months of Heater

temperature range, one cannot be certain storage with | breakpoint Remarks

that the sealant caused the pluggirg sealant °F ’

behavior of the test fuels. The interae-

diate sample iaken at 4 nonths had the 0 550 Breakpoint very sharp; no AP

lowest breakpoint and showed the most 1 500-525 | Some AP in 450— 475"':F rangc;,

plugging of the four samples; the 6-month ? 500 Some AP at 450°F. ’

sample from the same drum secmed to 4 500 | Some AP at 450°F, failing AP at 475°F.
have recovered and in fact was essentially 6 595 No AP

as good as the original base fuel, -

It will be noted that the greatest decrease in breakpoint was only 75°F. This is fairly minor considering the
relatively large amounts of sealant present in each drum. It is concluded that this sealant can cause some
degradation of fuel themnal stability, but that no drastic effects were found for the one particular fuel that
was tested.

Samples of the base fuel and the 6-month soak fuel were found to conform to JP-7 specification, MIL-T-
38219. Specification test results on these two fuels showed no significant differences. The existent gum content
increased from 0.2 mg/100 mi (base fuel) to 2.0 mg/100 ml (6-mo fuel), but this is hardly a drastic change.

The sealant cubes were removed from each drum after fuel sampling from that particular drum had been
completed. The sealant from the first drum (2 months) appeared to be unchanged, except that some dark brown,
viscous material cozed from the sealant cubes when they were stored dry for a few days after removing them from
the fuel. The sealant from the second drum (6 months) was badly deteriorated and some of it had fallen apart into
layers resembling long, narrow crystals. The sealant was much less pliable than it was originally.
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Since this degradation of the sealant was not accomplished by any serious degradation of fuel thermal
stability, it is concluded that any fuelsoluble substances in the sealant must have at most minor effects on fuel
thermal stability.

6. EFFECT OF FUEL ADDITIVES ON THERMAL STABILITY
a. Effect of “RT" Antioxidant on Thermal Stability

This antioxidant has been proposed for use in military and commercial jet fuels. Tests were run to check
for any effects on JP-4 and JP-S fuel thermal stability at standard test conditions, and a more severe evaluation was
performed in JP-7 fuel,

Nonadditive JP-4 and JP-S fuels were prefiltered (Whatman 2V paper) and then blended with RT at
16.8 1b/1000 bbl, which is twice the antioxidant concentration allowed in MIL-T-5624H. A JP-7 fuel (Fuel A-8 as
identified in Section Il-3) was prefiltered through a 0.45-u rembrane filter and blended with RT at
%.4 1b/1000 bbl. For each of the three types of fuel, a control fuel without antioxidant was prepared in the same
manner,

The fuel samples, with and without antioxidant, were stored at 70-90°F for one month. Standard fuel
coker tests were run at 300/400°F on the JP-4 and JP-S fuel samples in accordance with ASTM D 1660. The JP-7
fuel samples were evaluated in gas-drive cokers in CRC configuration, testing at several temperatures to establish
breakpoints, The results of these tests are shown in Table 9.

TABLE 9. EFFECT OF “RT" ANTIOXIDANT ON In the JP-4 fuel, the single tests

FUEL THERMAL STABILITY at standard temperature conditions indicated

a possible beneficial effect of the anti-
oxidant, since the control fuel without anti-
oxidant gave a preheater failure after
one month of storage. No effect was
detected in the JP-5 fuel; all tests gave pass-
ing results. The results on the JP-7 base fuel
and control fuel (stored one month) were in
line with past history of this particular fuel,
which typically had a breakpoint of 675°F
with random failures as low as 625°F. The
fuel with antioxidant gave two good results
at 675°F, indicating a probable beneficia!
effect of the antioxidant.

Fuel . Base | Control Fuel
grade Thermal stability test fuel* Fuel* +RT*

JP-4 | Standard coker, 300/400°F
Tube rating 1 4% 1
Fiiter AP, in. Hg ¢0 0.0 0.0

JP-5 | Standard coker, 300/400°F
Tube rating 1 1 1
Filter AP, in. Hg 00 0.0 0.0

JP-7 | Gas-drive coker, CRC

. o]
i Breakpoint, "F{ 675 |625-675 | >675 Specification testing of the fuel
- : : showed no detrimental effect from the anti-
*Rase fuel without additives; control tuel same, after 1-month storage; fuel X N 3
with RT, after I-month storage. oxidant betore or after storage. No detailed
P Tube rating decreased to 2 after wiping. evaluations were made of the antioxidant

i All breakpoints basea on tube ratings; no filter pressure drop.

performance of the material.

Based on those tests, it is concluded that the RT antioxidant should have no adverse effects on fuel
thermal stabiiity und may have beneficial effects.

b. Effect of Fuel Marker on Thermai Stability

A fuel marker, Code XP, was evaluated at & concentration of 0.5 1b/10,000 gallons in JP-4 base fuel by
means ot standard coker tests (ASTM D 1660) at 300/400°F. The fuel marker iad no effect in these tests. There was
no filter plugging in the test on the base fuel or in the two tests on the fuel containing the XP marker. The preheater
rating was a Code b for the base tuel. Code 1 and Code 2 (wiping to a Code 1) in the two tests on the
fuel plus marker.
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Further evaluations of the XP fuel marker were run in a JP-5 base fuel, using the Alcor JFTOT unit for
thermal stability testing. These tests showed that the base fuel breakpoint of 520-525°F was unchanged by the
addition of the XP marker at a concentration of 0.5 1b/10,000 gal. A few instances of filter plugging were observed
in these tests, but these occurred at random and were not related to the presence or absence of the marker,

The XP fuel marker does not cause any detectabic changes in thermal stability as measured by the
standard coker (JP-4 fuel) or the Alcor JFTOT unit (JP-5).

7. MISCELLANEOUS THERMAL STABILITY EVALUATIONS
a. Coker Tests on Various Fuels

Extensive thermal stability testing has been conducted in support of Air Force in-house and contractual
research programs. Test results on various fuels in standard, research, and gas-drive fuel cokers are listed in Table 31
(Appendix) for the record.

Most of this work was performed to establish breakpoint values for correlation purposes of other
programs or to establish conformance of a given fuel batch to specifications. The daia in Table 31 do illustrate
certain problems in repeatability of results and the uncertainties that are introduced into determinations of break-
point. These problems do not appear to be confined to any one type of coker, It is well known that the repeatability
of standard coker results leaves something to be desired, and this problem has not been solved by the use of
modifie¢ cokers. One thought that occurs when looking at poorly repeatable results is how much of this lack of
precision should be attributed to the test apparatus and procedure and how much to possible variations in the fuel
sample from test to test. Our work on the effects of dissolved metals had indicated large changes in thermal stability
that were caused by an unstable fuel blend. In a sense, all practical fuels are unstable systems, since pickup or loss of
minor amounts of surface-active substances can change their properties very radically. This possible source of
nonrepeatability in thermal stability testing has not received as much attention as it deserves.

b.  Thermal Stability of TS/JP-4 Mixtures

As reported previously(2), “thermally stable” (TS) fuel can be degraded significantly in thermal stability
when mixed with as little as 5% JP-4. In this previous work, the TS fuel was extremely stable, with a gas-drive coker
breakpoint above 675°F, and the JP-4 fuel was quite good for its class, having a standard-coker breakpoint of 400°F.
With these two fuels, 10% JP-4 brought the stability of the TS fuel about halfway down to the JP-4 level, and a
5C-50 blend of the two fuels had the same stability as the JP-4 itself.

It appeared desirable to nbtain similar data on other batches of fuel, since the high-stability TS fuel used
in the previous work was rather unusual. For this additional work. an “in-flight”” JP-4 fuei was obtained, containing
2ll additives, and was checked fo: conformance to all requirements of MIL-T-5624G before it was used in the
stability work. Selection of a suitable TS fuel prove1 to be very difficult. Initially, we were looking simnly fora TS
fuel that would pass a standard-coker test at 450/550°F, in conformance with the current MIL-T-25524B. None of
the TS fuels that were available would meet that requirement. It was assumed that these had been purchased to an
earlier requirement of 400/500°F. Actually, testing at 450/SS0°F in the standard coker is rather difficult, and
strange results must be expected at times. In any case, for this work, a TS fuel passing a 400/500°F standard-coker
test was accepted for use.

Blends containing 2 to 50% JP-4 were prepared in 15-gallon lots and tested in the gas-drive coker in the
CRC flow configuration. The results obtained on the blends and on the two individual fuels are summarized in
Table 10, along with earlier data on TS/JP-4 mixtures.

It will be noted that the JP-4 fuel used in the current program had little margin in thermal stability in
relation to the specification requirement of 300°F. For the TS fuel, the preliminary standard-coker results showing a
failure at 450°F with filter plugging were not confirmed by the gas-drive coker results, in which no failures could be
obtained even at 600°F. This discrepancy between the standard and gas-drive coker results probably reflects the
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TABLE 10. THERMAL STABILITY OF poor operability of the standard coker at 450/550°F, but it
TS/JP-4 MIXTURES could possibly reflect differences in the handling of the pre-

liminary blend and the test blend.

Breakpoint, °F* The breakpoints of the blends show only moderate
Vol % JP-4 in TS tuel | Standard | Gas-drive decreases as more JP-4 is added to the blend. Earlier resuits
coker coker obtained with two different base fuels were quite different. In
the earlier work, it had been concluded that the TS fuel was
O (straight TS) 4501 >600% quite sensitive to small amounts of contamination by JP-4 fuel
2 575% and that a 50-50 blend was equivalent to the JP-4 itself in
5 >575% thermnal stability. In the current work, contamination by JP-4
t0 >575% up to 10% did not have any drastic effects, and even the 50-50
25 525 blend was fai better than the JP4 itself. These ditferences in
50 500 “response” of TS fuel to JP-4 contamination raake it clear that
100 (straight JP-4) 325 350t not even approximate guidelines could be established without

testing a great rany pairs of fuels.

Earlier data

In the current test series, boiling was detected in a
0 (straight TS) >675 number of the coker tests or TS and TS/iP-4 blends, as
5 625-650 evidenced by unsteady flow or fluctuations in the manometer
10 550 reading. In many of the tests at higner temperaiures, the test
50 450 pressure was increased to 275-280 psi to suppress boiling, not
100 (straight JP-4) 400 450 always successiully. The observed cases of boiling are fairly
i well in line with the predicted vapor pressures of the fuels.
*Based on tube rating unless indicated otherwise. Most of the cases of boiling occurred when the vapor pressure

+Based on filter plugging.

tProblems with fuel boiling. at the preheater fuel-out temperature was only about | 50 psi.

Therefore, it is unlikely that any boiling occurred within the
preheater, but rather in the filter, which was 100°F hotter. Such boiling could not promote the formation of
prelieater deposits via the hot-spot route (boiling in preheaier) but might upset the test conditions enough to cause
local, temporary overheating in the preheater. in these tests, the boiling problems did appear to be associated with
the occasional, random appearance of tube deposits at teinperatures well below the nominal breakpoint of the fuel.

The oddest feature of these data is the reasonably good stability of the 50-50 blend. The usual expecta-
tion for such mixtures is that the lower-stability component will predominate, and in fact this was observed in the
earlier series of tests. Also very surprising is the fact that the JP-4 used in the current series gave severe filter plugging
and preheater deposits at fuel-out temperatures from 35¢ to 450°F, but the 50-50 blend gave no filter plugging at ail
with temperatures from 475 to 525°F. Decreases in plugging as the temperature is increased is a very common
phenomenon in fuel coker testing, but generally tube deposits will show up as the filter plugging disappears. Here. at
475"F fuel-out temperature, the 50-50 blend gave no serious deposits of either kind. It would have been of interest
to test the 30-50 blend at lower temperatures to see if we have here a rare case in which failures of both filter and
preheater at moderate temperatures will both disappear as the temperature is increased. Such cases have been
suspected but never really identitied.

There are several possible explanations of why the 50-50 blend was so much better than the JP-4, but all
are merely speculative. For instarce, 1t is possible that diluting the JP.4 with TS fuel precipitates or coagulates some
“impuity” that is subsequently removed in prefiltration before the coker test.

In this work. as in any study of blend compatibility, each pair of materials is unique. Here. it does not
appear possible to work out any general guidehnes. All that can be concluded is that minor amounts of JP-4in TS
fuel may cause senous degradation of thermal stability, and such admixtures should be avoided.

8. CRC COOPERATIVE PROGRAMS

Dunng the reporting penod, SWRI personnel ok part in several cooperative programs in thermal stability
that were varned out by CRC and ASTM groups. Some of this work has already been reported through these
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channels and will not be repeated here. Work concerned with the Alcor JFTOT coker is discussed in Section 11-10.
Here we will report certain standard-coker data obtained to provide up-tn-date ratings on five fuels being used ir
JFTOT evaluation programs. These standard-coker data have already been reported to the appropriate CRT group,
but are considered to be of enough independent interest to present here ulso.

Five fuels were tested in accordance with ASTM D 1660-67. Warmup tim¢ was controlled very closely and was
20 minutes unless otherwise indicated. The test conditions for each fuei were established during the course of the
program by consultation with the other Iaboratories involved.

The preheater tube from each test was rated by four different persons, taking precautions to ensure that the
readings were unbiased. Each tube was rated first within one hour of exposure after the test, and again at least
24 hours later. Each tuhe was stored in a sealed plastic tube during the period between ratings.

individual test results and ratings are listed in Table 32 (Appendix). Filter plugging was quite heavy for three
of the fueis tested, light but detectable for one fuel (AFFB-4-64), and absent for one fuel (RAF-174). This fuel,
RAF-174, gave peacock-colored de yosits in all tects; none of the other fuels gave such deposits. The same trend had
been found in Alcor JFTOT tesis on the same group of fuels. It is probably too much to read any deep significance
into this set of facts, but the coincicence of heavy peacocking of the tubes and the absence of filter plugging is quite
striking in this group of fuels.

Heater deposit ratings in Table 32 are listed in terms of temperature for inception of deposits corresponding to
cach color code. Breakpoints are based on the tube temperature corresponding to the inception of a Code 3 deposit
or higher (darke{)). The raters® data giving deposit color vs location were converted to a color/temperature basis by
using CRC data(® correlating tube temperature with location and fuel-out temperature, taking interpolated values
when the actual fucl-out temperature in the tests did not match the temperatures listed in the CRC correlation.

For iiis work, an inception point for a particular color code is defined as the location on the preheater tube at
which the deposit on the tube first matches a standard color code: i.e., there are inception points for codes 1, 2, 3,
and 4 if each color is present on the tube. ldeally, the tube deposits will define a series of increasing code numbers
(darker deposits) as the fuel Mow progresses from the coldend inlet to the hotend outlet. In actual practice,
reversals often occur: i.e., a darker deposit will appear before the lighter deposit. For example, the inception points,
progressing in the direction of fuel flow, might be 1-3-2-4 instead of the normal 1-2-34. In such instances, the
inception points have been reported as found, interpreting the cGefinition of inception point strictly; instances of
these reversals are footnoted in Table 32.

Another irregularity in deposit sequence is what we have termed “intermittent” deposits. in which darker
deposits alternate with lighter deposits, giving the tube a spotty appearance. This may give “‘secondary inception
points™ that can cause large differences in the values assigned by different raters. For example. one rater may see a
deposit pattern of 1-0-1-2-3, with the first Code 1 rating at 250°F und the second Code 1 rating at 400°F: he would
report an inception point of 250°F for Code 1 deposit. Another rater might not see the first Code 1 deposit and so
would report an inception point of 400°F for Code 1 deposit. This problem atfects maialy the Code | ratings and to
some extent the Code 2 ratings: no instances of secondary inception points for Code 3 or 4 deposits have been
found. Whenever intermittent deposits are observed, the first appearance of that particular code is regarded as the
true inception point, and the secondary inception point is mercly indicated by a footnote. These tootnoted entries
in Table 3. provide a clear description of how the tubes are seen by ditferent raters.

The ratings listed in Table 32 are arranged chronologically: that is, each tube was rated by the four raters in a
fixed order. There is no evidence of any short-term trends in color rating; the deposit colors remain stable long
enough for all four raters to see the same vbject.

For a better look at long-term trends in deposit colo: . deposit inception temperatures ste shown m Table 33
(Appendix) as the mean of values from four raters and the corresponding standard deviation. Several of the mean
temperatures are based on tewer than four values, indicating that this particular color code was “absent™ i the
judgment ot one or more raters. The “composite breakpoints™ are derived by averang the temperatures (observed
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by ditferent raters) at which Code 3 or darker deposit was first observed. Whenever Code 4 deposit vas present and
the raters disugreed on whether or not Code 3 deposit was present, the composite breakpoint was obtained by
averaging some Code 3 inception points along with some Code 4 inception points, so the composite breakpoint does
not correspond in all cases to the “‘average temperature for Code 3 rating.” :

From Table 33, it can be seen that the deposit inception temperatures did change significantly when the tubes
were rerated after 24 hours, particularly for the Code 1 and 2 deposits. Such timewise color changes have also been
noted regularly on heater tubes from the Alcor JFTOT coker. For the standard coker data shown here, there was
generally little change in the Code 3 and 4 inception temperatures, hence little effect on breakpoints in most cases.
In one test on the AFFB-3-64 fuel (test 5750) and in several tests on the RAF-174-63 fuel, the observed breakpoint
did change substantially after 24 hours. For the AFFB-3-64 fuel, the 24-hour rating indicated a failure (code 3
deposit), but the 1-hour rating did not. This is a doubtful case, since only twe out of the four raters reported the
presence of Code 3 deposit in the 24-hour ratings. Also, these two raters were in very wide disagreement on the
temperature at which the Code 3 deposit appeared, as evi 'nced by the large deviation. The two instances of large
changes in breakpoint rating between the 1-hour and 244 ~atings with the RAF-174-63 fuel amounted to +35
and —28°F. The significance of these changes is doubtful, it of the difficulties in rating these heavily peacocked
tubes,

Other than three instances that have been discussed, there were no important changes in breakpoint between
the 1-hour and the 24-hour ratings. It is concluded that timewise changes in deposit color did not cause any serious
problems in establishing breakpoint ratings for these five fuels,

According to the standard deviation data included for each temperature in Table 33, the raters had much
greater difficulty in identifying and agreeing on inception points for Code 1 and 2 deposits than they did for the
Code 3 and 4 (breakpoint) inception points. For example, considering buth 1-hour and 24-hour ratings, 46 out of
the 76 ratings of Code | or 2 had standard deviations greater than 25°F, but only 3 out of the 28 composite
breakpoint ratings had standard deviations greater than 25°F. The use of Code 1 ratings for analyzing coker data and
establishing breakpoints has been suggested.“o) From the comparisons that we have made, using standard coker
tubes with the ASTM Tuberator and color standards, it appears that adopting a lighter deposit for rating purposes
would merely compound the present rating errors, at least for the standacd coker.

The data have been worked up further in illustration of ¢ urces of variz.ion in coker ratings. The original visual
ratings for each group having identical fuel, test conditions, and rating code have been averaged to give a “multiple
rating.”” and the corresponding “multiple standard deviation” was calculated for each of these sets. Further, the
rater-to-rater standard deviation for each group having identical fuel, test conditions, and rating code has been
averaged to obtain an “‘average standard deviation.” The multiple standard deviation will be related to the total error
(coker test error and rating error), while the average standard deviation is related to the rating error alone. The ratio
of these two standard deviations (average/multiple) should give some sort of measure of the relative magnitudes of
the two types of error. A more precise definition is not possible, since these quantities were calculated without any
greal statistical rigor.

The multiple test ratings and the corresponding multiple and average standard deviations are shown in
Table 34, along with the average/multiple deviation ratios. It will be noted that the ratio is greater than 50% for 34
of the 48 cases listed, indicating that, for this type of rating of deposit inception temperature, the rating errors are
probably at least as important as the remaining errors in the coker test procedure.

It is not planned to attempt a more rigorous analysis of these data, in view of the small number of tests.
Presumably, a more rigorous analysis will be made by the CRC, based on these data and those of other laboratories.
The comparisons given here will serve to illustrate the relatively large errors in color-code rating und to emphasize
the need for improved rating techniques.

9. ERDCO PRECISION FUEL COKER
a, Background

Among the newer approaches to fuel thermal stability testing are two devices developed by equipment
manutacturers and submitted to a CRC group for evaluation. These devices utilize the same operating principle as
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the standard fuel coker, passing fuel over a heated metal surface and then through a test filter, with ratings hased on
the color of the hot-surface deposits and the degree of plugging of the test filter. Even though these new devices use
the same principle as the standard coker, they are rather beyond the “modified coker” concept, since new
approaches in design have been incorporated to eliminate at least some of ths major shortcomings of the standard
coker and its various modifications.

The two devices are the Erdco Precision Fuel Coker and the Alcor JFTOT (Jet Fuel Thermal Oxidation
Tester).

In the current program, an Erdce instrument was made available for a brief evaluation and use in
cubtaining data for a CRC cooperative program. Tnese evaluations and data are reported here, Similar but much more
extensive work on the Alcor JFTOT is reported in Section 11-10.

b. Equipment and Procedures

The apparatus, operation, and maintenarce procedures for the Erdco Precision Fuel Coker have been
described in the manufacturer’s operating manual, and only a brief summary will be given here.

The test fuel (3000 ml) is contained in a steel reservoir at ambient *emperature, pressurized to 150 psig
with nitrogen to drive the fuel through a heated test section and cooler, then out to a waste receptacle. The test
sestion consists of a horizontally mounted tube-in-tube heater with a test fiiter (not indeperdently heated) mounted
directly on the fuel outlet from the heater.

The outer tube of the heater is machined from a solid hexagonal bar of Type 316 stainless steel with a
circular bore that is reamed and lapped to a tolerance of 0.001 inch. The inner tube consists of a 800-watt heater,
inner tube liner, inner tube, and connectors, resembling a shortened version oi the CRC gas-drive coker preheater
tube. The inuer tube is 6061-T6 aluminum tubing with a wall thickness of 0.060 inch, into which the heater and
tube liner are prass-fitted as a unit. The outer surface of the inner tube is repolished by the user for each test, In the
heater assembly. the fuel flows through an annuler space with 0.012 inch radial clearance between the inner and
outer tubes. The surface temperature of the inner tube is measured by two thermocouples mounted in the inner tube
liner, diametrically opposed, with the active portion (0.040 inch) diameter of their tips pressed against the inside of
the inner tube. One of these thermocouples is used for controi and the other for reference.

The test filter medium is sintered stainless steel: the pressure drop across the test filte: is measured by a
standard fuel coker manometer. The flow system includes a 0.45-y in-line filter ahead of the test section. The fuel
leaving the test section passes through a cuoler, a micronic in-line filter, a rotameter and flow control valve, and out
to waste Flow rate is controlled manually to 363 + 2 g/hr as established by gravimetric calibration at the start ¢f

ealt tudl.

Power input 1o the heater is controned automatically to maintain a constant tube surface temperature as
indicated by the control thermocouple. The test temperature is monitored by the reference thermocouple and a
notentiometer, which are also used to calibrate and correct the temperature controller syster before each test. An
optional sealed bisrauth-treezing-point standard is available for absolute calibration of the controtler system.

The temperature profile along the tube is predetermired by the manutacturer and tabuluted for each
control temperature. These valuer are used to relate deposit inception points to tube temperature

Before wtarting a test, the test section components and tuel inlet lines are disassembled. cleaned. and
assembled with a treshly polished inney tube and a new tewt filter. The reservoir top tlange 1s removed and the
reservoir intenior 1s cleaned The remainder of the low system (beyond the test section) is cleaned and fushed with
a pump-driven system similar to that of the standard coker.

The test fuel sample (3000 ml) is filtered through Whatman No, 2 paper into the tuef reservoir and then
gerated for S minutes with a small an pump. The reservoir is sealed and pressurized to 150 psig with nitrogen, and
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tuel 1s passed through a flow system to purge the air and set the flow rate. Then power is applied and the test section
1s brought 1o the desired tenpersture. The test period is 5 hours, checking the flow rate everv 3 minutes ang
adjusting if necessary. Filter pressure drop readings are taken every 30 inutes; the test filter may be bypassed if
i1ecessary.

After shutdown and disassembly, the inner tube is dipped in pentane and colcr-rated in a standard
ASTM Tuberator equipped with a special 6-inch tube hoider. The first rating Is made within 30 minutes after
removing the tube from the test section; the tube is stored in the original shipping tube ard rerated 24 hours later.
Inception points for Code 1. 2. 3, and 4 deposits are recorded to the nearest 0.1 inch and translated it to metal
surtace temperatures by means of the temperature profile tables provided by the manufacturer.

For purposes of data analysis and reporting, we have considered the breakpoint to be the deposit
inception temperature for Code 3 or darker deposits. This definition is the same as that commonly used with the
Alcor JFTOT: both relate to a nominal metal surface iemperature rather tnzn to fuel temperature. No criteria have
been established for filter plugging breakpoints.

c. Operating Experience with: Precision Coker

Test experience for SwR1 with this coker has consisted of 20 tests conducted as a part of a CRC
program. Based on this rather limited experience, certain observations will be offered on the equipment, procedure,
and data obtained.

The temperature controller gave excellent results. The warmup was accomplished autornatically with
very little overshoot. and stable control was maintained throughout the tests. Very littie operator atiention was
required. no malfunctions were observed, and no maintenance other than calibration was required.

Severe problems in maintaining a constant flow rate were encountered in all tests. The gravimetric
method of determining flow rates is very time-consuming and only fairly accurate. The flow rate fluctuated con-
stantly. so that the rig required constant attention throughout the S-hour test period. Resetting the flow rate on the
basis of rotameter settings was at best a guess. Design changes to provide a steady flow rate with minimum attention
would be required for any efficient use of the coker in regular testing.

The procedure for,assembly, disassembly, and cleaning this unit is rather involved and does not appear to
offer any advantage over the standard or gas-drive cokers. Turnaround time for this unit is about the same as for the

standard and gas-drive cokers. Some problems were encountered, such as reservoir leaks and difficuity in cleaning the
aerator.

The Precision Coker has some advantage in fuel sample requirement (about one gallon) in comparison to
the standard coker (five to six gallons) and the gas-drive coker (three gallons). This is not a tremendous reduction in
sample size. If a breakpoint could be obtained in a single test, of course, the total sample requirement would be far
simaller than in multiple tests on the standard or gas-drive coker. The data that we have obtained with the Precision
Coker are insufficient to indicate whether single-test breakpoints are feasible. We suspect that ““floating breakpoint”
phenomena will be encountered with this unit just as they were with the Alcor JFTOT, since the principle of
matching deposit color 10 tube temperature via a temperature profile is the same for both units.

The Precision Coker includes a large number of desirable modifications but retains a number of the
disadvantages of standard and gas-drive cokers. The problems with polishing the tube to a suitable surface, men-
tioned earlier in this report, remain the same. Color rating problems remain the same, at least until nonvisual rating
systems come into use. Mechanical problems appear to be about the same. Flow rate problems, which are minor with
the gas-drive coker, have been accentuated by the scaledown in size.

d. Test Results and Discussion

Five fuels were tested in a 20-test series as a part of a CRC cooperative program. These resulis have been
reporizd o the CRC group involved but will be presented and discussed here as a matter of general interest.
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The test procedur: was as descnibed in the manufacturer’s brochure; the tesi pericd was S hours,
and the flow rate was 363 1 2g'hr. Test temperztures were those recommended by the CRC fur these
particular tests.

The heater tube from each test was rated by four different raters within 30 minutes of tube exposure
and again at least 24 hours later. Between the two rating operations, the tube was stored in its original shipping
container. Care was taken to assure unbiased ratings. Deposit inception points corresponding to the first appearance
of Code 1. 2. 3. and 4 deposits were converted to inception temperatures by means of the tables supplied by the
manufacturer. The daia were then treated in the same general manner as those obtained in the standard coker for
these same fuels (see Section 11-8).

The resulis of individual ratings for tubes from the Precision Ccker are shown in Table 35 (Appendix).
Alsc inc):ded arc the filter plugging data. Three of the fuels gave very little plugging, less than 1 in. Hg; the other
two gave plugzing on the order of 10in. Hg in some of the tests. The plugging behavior was very repeatable for the
RAF-174 fuel. For the AFFB-9 fuel, plugging was reasonably repeatable at S20°F (9.6, 4.5), but nonrepeatable at
S00°F (0.0, 10.0).

The deposit inception temperatures obtained by different raters have been averaged, and the mean va''ies
and standard deviations are listed in Table 36 (Appendix). Composite breakpoiats are also listed; these were deter-
mined as described in Secticn *1-8.

Of the 20 tests that were run, only 11 resulted in breakpoints, and among the 11 the existence of
“fziling” deposits of Code 3 or higher was not unanimously agreed upon by the four raters. The composite break-
points that were determinea showed standard deviations of less than 25°F. There were no substantia! differences
between the 30-minute and 24-hour ratings. For the deposit inception temperatures, some 46% of the standard
.deviations were greater than 10°F, and some 25% of the standard deviations were greater than 30°F. Most of the
large deviations were associated with Code 1 and 2 ratings, the same as in the analogous data obtained with the
“standard coker (see Section 11-8).

The deviations just discussed have to do with rating error rather than with overall error. It has been
increasingly evident that rating errors must be reduced before any valid comparisons of the precision of different
cokers can be made.

The Precision Coker data on AFFB-3 and AFFB-4 (Table 36) included a breakpuint ir only one run
each, and these were “nonunanimous” among the raters. For AFFB-8, two tests showed breakpuints and two did
not: both of the breakpoints were very close to the test temperature, so no conclusion can be drawn on how weil the
test is repeating. For AFFB-S, breakpoints were obtained in all four tests. With a 20°F spread in test temperatures,
the breakpoints ranged from 470 to 502°F. For RAF-174, on which breakpoints were obtained in three tests, the
range of breakpoints was 471 to 487°F. These ranges are considerably less than those obtained with the standard
coker (Section 11-8), but it must be remembered that the standard coker was being rated in a manner for which it
was not designed, translating deposit position to deposit inception temperature by means of a correlation hardly
translatable from rig to rig.

All that can be said of the precision of the Precision Coker from the few data presented here is that at
least a moderat: scatter of heater-deposit breakpoints does exist and that one instance of nonrepeatable filter
plugging was encountered.

e. Conclusicns

From our limited experience with the Precision Coker, we do not feel that its design advantages over the
standard and gas-drive cokers are sufficient to warrant its substitution. It it can be demonstrated to be more precise
than the Alcor JFTOT as well as the standard and gas-drive cokers, the picture would change considerably. One
critical point is whether or not a reasonably valid breakpoint can be obtained in a single test. These questions cannot
be resolved fully until the color-rating problems are cleared up or eliminated,
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10. ALCOR JET FUEL THERMAL OXIDATION TESTER (JFTOT)

a. General

Of the two thermal stability test devices evaluated by the CRC, we have had more experience with the
Alcor JETOT. Two of these instruments are now being used full-time in the program, and one other was used for
several months. The work with these units during the past year has consisted of continuing to evaluate equipment
and procedures, investigating possible changes or improvements, participating in CRC cooperative programs, and
using the units 10 study specific thermal stability problems.

b. Equipment and Procedures

The JETOT units used in this program include one old Model B unit, a Model C, and a new Model B. The
old Model B is a prototype, the Model C is a conversion job starting with a “micro coker” from the same manu-
facturer, and the new Model B is a2 production unit. The only really significant difference among these units is in the
temperature controller. All of the controllers now appear to be satisfactory; the controller on the new Model B is
particularly good. The models also differ in minor details such as the device used for thermocouple positioning,
focation of the aerator pumnp, and other even less important details.

This equipment and the procedures for thermal stability testing have been described previously.(z) The
unit consists of an unheated steel reservoir containing a 1-liter fuel sample, which is pumped in a closed loop through
a test section and cooler and back to the reservoir. The entire system is nitrogen-pressurized, with the pump serving
only to meter the fue! through the test section at 185 + 4 ml/hr. The test section consists of a vertical tube-in-tube
heater with a test filter mounted directly on the heater exit. The fuel flows upward through the annular space, and
the inner tube is resistance-heated by low-voltage current, measuring the tube temperature by a movable thermo-
couple inside the tube. The thermocouple and temperature indicator are calibrated before each test by immersing
the thermocouple in pure, molten tin and observing the freezing point, 449°F.

The test filter medium is stainless steel Dutch-weave screen with a porosity of 17 u and an effective
diameter of 0.072 inch. Originally, the indine filter ahead of the test section used the same 17-y filter medium. A
0.45-u fitter was added later in an effort to improve the repeatability of test-filter plugging behavior.

Another change made during the past year was an increase in nitrogen pressure from 300 psig to 350 psig
to reduce the possibility of fuel Loiling at very high test temperatures,

For the work reported here, the test period was 5 hours, A tube temperature profile was taken during
each run_ and deposit colors after test were related to this temperature profile to give deposit inception temperatures
for Code 1, 2, 3, and 4 deposits. In line with the usual definition, the inception temperature for Code 3 deposit was
considered to be the breakpoint of the fuel. No criterion has been established for filter pluging, and probably none
will. Past experience with poor repeatability of plugging ratings, along with some recently reported data(”),
indicate that filter-plugging breakpoints with this unit are probably impractical.

During the past year. we have made two minor changes in design, one referring to the thermocouple
calibration equipment and the other to the thermocouple positioning device.

The Auto Cal calibrator supplied with the unit consists of a special heater tube device with a small well
containing pure tin. The device fits into the buss connectors normally occupied by the regular heater tube. Power is
turned on until the tin melts; then the thermocouple junction is immersed in the molten tin and the heat is tumed
off. As the tin cools, the temperature is followed on the indicator of the control instrument to determine the
apparent freezing point of the tin. The deviation from the true freezing point of 449°F represents thermocouple
error, or, more precisely, combined error of the thermocouple and indicator. Since the error is expected to vary with
temperature, it was desired to establish a second reference point at temperatures near the 700°F often used in
testung IP-7 fuels. Attempts to use the Auto Cal with zine (m.p. 787°F) resulted in distortion of the connecting rods
holding the small well. A modified calibrator was built with a stainless steel well and heavy copper connecting rods.
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This has been operated without difficulty at the higher temperatures and has furnished a second reference point for
thermocouple calibration,

We have also modified the thermocouple positioner on the new Model B JFTOT. The positioner is used
in determining tube temperature profiles. The old Model B and the Model C units had a positioner outside the
cabinet, but this feature had been eliminated in the newer Model B. With the new model, the operator was required
to reach into the cabinet to position the thermocouple, running some risk of touching hot-section parts. We
extended the positioner rod through a slit in the side of the cabinet for safer operation. An arrangement similar to
this was adopted for use on future JFTOT Model B units.

c¢.  Operating Experience with JFTOT

As reported previously(z), the most serious problem encountered in early operation was poor tempera-
ture control. All JFTOT units in the current program were equipped with new or modified controllers that eliminate
most of these problems. Proper temperature control still depends on proper adjustment of all components of the
control system and good technique in switching from automatic control to manual and back again when the
temperature profile is determined. The new system is not as “touchy” as the old one; that is, small variations in
power input do not cause instant and large variations in tube temperature when the unit is on automatic control.
The temperature control system appears quite satisfactory on the whole. Now that the more severe problems have
been resolved, it should be possible to standardize the controller adjustments, warmup proccdures, and automatic/
manual/automatic switching procedures so that all laboratories are running the units in the same manner.

As discussed previously(z), the JFTOT has very significant advantages over conventional fuel cokers in
the ease of operation and maintenance and in the sample size required. It was pointed out previously that these
advantages would be multiplied if a valid breakpoint could be established in a single test. More recent data confirm
the general impracticality of a single-test approach, particularly when an unknown fuel is being tested. Two to four
tests are generally required, more if the breakpoint is missed by a wide margin in the early tests.

The unit productivity (tests per unit per day) is little better than that of the standard coker, so long as a
5-hour test period is used. A 2.5-hour test period is gaining acceptance, since it has been reported recently( 1) that
this trade-off of temperature for time may be feasible. Cutting the test time in half would increase the productivity
to two tests per 8-hour day, or six to eight tests per 24-hour day.

An increase in productivity of the unit would be highly desirable and may be feasible when restiqg fuels
that are not extremely stable. With high-quality fuels having breakpoints near 700°F in a S-hour test, it is not
feasible to run up the test temperature enough to give an adequate test in 2.5 hours. Test temperatures much above
700°F are not practical with the aluminum heater tubes now being us=d. In fact, problems are encountered with
bowing of the tubes in tests at 700°F or slightly lower. This sometimes causes a streak of dark deposit on the convex
side, presumably because of restricted flow at that point.

For JP-7 or other highly stable fuels, any substantial reduction in test time would require redesign to
permit operation at temperatures above 700°F. One obvious possibility is the use of a stainless steel tube, and we
understand that this approach has been studied by Alcor and by others. It is also under study in the current
program. Caution is indicated by the ill-starred history of the attempt to use a stainless steel preheater in the
research coker. Whether the abniormal discolorations at fairly low temperatures in the original research coker were
caused by catalytic effect of ‘he stainlcss steel. poor heat distribution, or some sort of “bluing™ phenomenon. the
design was obviously unsatistactory. No serious attempt has been made since that time to use stainless steel in a
location where fuel deposits must be rated by color.

In the current program, all JETOT tube deposits have been rated visually without magnification. Farlier
concern over the difficulty of rating these small tubes appears to be unfounded; they are probably no more ditticult
to rate than are standard-coker tubes. Problems do exist with all visual rating systems, and tmprovement of the
present system is mandatory if any great improvement in precision is to be achieved in any type of coker. Future
work with the JFTOT will involve the use of a nonvisual rating device.
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The *“‘post-peak’ deposits discussed in the previously referenced report have continued to occur, and the
method of handling them has been the same as before: Any deposit occurring more than 0.2 inch beyond the
maximum temperature point in the direction of fuel flow is ignored in establishing breakpoint ratings. OQur experi-
ence still indicates that these deposits occur at random rather than with specific fuels. No progress has been made in
identifying any cause for these deposits or pattern in their appearance. Any explanation of this phenomenon must
be based either on specific fuel behavior or on random variations in tube temperature profile that are not taken into
account in the present procedure. Certainly, fuels can differ in temperature/deposition sensitivity and in the mode of
deposition. For instance, a fuel sensitive to metal temperature would lay down deposits in the same pattern as the
temperature profile; another fuel that is more sensitivs to bulk-fuel temperature might deposit in a different pattern.
Or, using a more elaborate argument, the “post-peak™ deposits might be explained by ezrly formation of soluble
gum that is carried along with the fuel while it reacts further to form condensation products; these products may be
margirally soluble in the fuel at the maximum test temperature T__ but precipitate as the fuel passes that point
and reaches a cooler zone. Neither of these hypotheses explains the random nature of the post-peak deposit
occurrence.

Another problem encountered frequently in rating JFTOT tubes is the presence of deposits on the cold
inlet end, beyond the range of the standard temperature profile, i.e., more than 2.0 inches from the fuel outlet, This
problem has been handled by extending the range of the temperature profile. However, many of the values reported
in the following section are extrapolated values from tests that were run before the extended profile measurement
was instituied. Such extrapolated values are footnoted in reporting the data.

Extending the temperature profile did not really solve the problem, since deposits are often observed at
the actual fuel inlet point, i.e., at the beginning of the tube test surface. Such a deposit does not really indicate an
inception point, but merely where the heated surface begins; presumably the fuel could have formed deposits at even
lower temperatures. In reporting the data, the occurrence of deposits at the fuel inlet is irdicated by footnote.

Mention should also be made of deposit color changes that occur on standing. In line with previous
practice, all tubes have been rated 1 hour after completion of test and again after 24 hours. The changes occurring
during the period between ratings were generally not as extensive or severe in the work reported here as had been
noted previously.

d.  Test Results and Discussion
(1) JFTOT Tests in CRC Cooperative Program

Five fuels were tested as a part of a CRC evaluzation program. All tests were run with an early
Model B JFTOT, designated Coker 7 in our laboratory. All tests were conducted in accordance with the procedure
then regarded as more or less standard, i.e., that given in the manufacturer’s brochure. Nitrogen pressure was
300 psig rather than the 350 psig used in later work, and the original 17-u in-line filter was used. Test period was
5 hours, and flow rate was 185 ml/hr.

After each test, the heater tube was rated by four different raters within one hour of tube
exposure following the test and again at least 24 hours afterward. During this 24-hour period, the tube was stored in
its original glass container. Care was taken to assure unbiased ratings.

The results of these tests and the individual ratings are listed in Table 37 (Appendix). The filter
pressure drop data indicate severe plugging for all fuels except the RAF-174. This fuel produced heavy peacock
deposits in all tests: the other tuels produced either a small amount of peacock deposits or none at all. As mentioned
previously, this same peculiarity was noted for RAF-174 in standard-coker tests, where it also produced the sole case
ot zero filter plugging gnd heavy peacocking on the heater tube. The coincidence is striking, but it may be just
that

In these JETOT tests, the test temperatures selected by the CRC group were all higher than the
tespective duel breakpoints, for some tuels far higher. Hence, deposits rated Code 3 or darker were present in all

testsoand Code 4 deposits were present in all but one test.
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Many of the problems encountered previously in evaluating JFTOT data were either nonexistent
or minor in this series of tests. For example, only one test (No, 92, AFFB-8 fuel) gave a “post-peak” deposit profile
in which the fuel has laid down the maximum deposits after passing the maximum temperature point. In this test,
the point of maximum deposit was within 0.2 in. of the point of maximum temperature and hence met the criterion
we had established for using “post-peak” deposits in defining breakpoint. Another early problem that was con-
spicuously absent in this series was the change in tube deposit color between the 1-hour and 24-hour ratings.

The absence of earlier problems is gratifying but somewhat puzzling. All of the fuels in this group
gave fairly sharp breakpoints at temperatures well within the range of the JFTOT, most of them below 600°F. It is
quite possible that these fuels are simply easier to rate than some of those we had worked with previously, and that
this accounts for the absence of any real rating problems in the current series.

The deposit inception temperatures obtained by different raters have been averaged, and the mean
values and corresponding standard deviations are listed in Table 38 (Appendix). Several of the mean temperatures
are based on less than four values when the given color code was “absent” from the tube in the judgment of one or
more raters. In some tests, one rater would see both Code 3 and Code 4 deposits, but another rater would see only
Code 4. The breakpoint based on the first rater’s observations would refer to Code 3 deposit, but the breakpoint
based on the second rater’s observations would refer to Code 4. In order to arrive at a logical “composite break-
point,” the individual raters’ breakpoints were averaged. For the reasons just discussed, this composite breakpoint
may not be the same as the “average deposit inception temperature” for Code 3 deposits.

The composite breakpoints (Table 38) show rater-to-rater standard deviations not greater than
21°F, mostly below 10°F. There are no significant deviations between the breakpoints based on 1-hour ratings and
those based on 24-hour ratings. Likewise, there were no short-term trends in the color ratings; these would have
shown up as consisient bias in the chronological order of rating by the four raters.

The phenomenon described previously(z) and termed the “floating breakpoint™ was observed to a
limited degree in the current series, as can be illustrated by the following list of test temperatures (T ,,) and
corresponding composite breakpoints based on 1-hour ratings.

AFFB-3 AFFB-4 AFFB-8 AFFB-9 RAF-174
Tmax 660 640 520 500 570 S50 535 515 565 545 500
Bkpt 614 608 495 494 568 536 501 500 516 509 498
Float 6 1 32 1 7+11

The amount of “float” or decrease in the breakpoint as the test temperature is reduced was quite
significant for the AFFB-8 and RAF-174 fuels. This float would be expected in the tests on RAF-174, since the first
test temperature that was tried (565°F) was some SO°F higher than the indicated breakpoint, and successive
reductions gave a float of 18°F. The float was unexpected for the AFFB-8, since the initial test temperature of
S70°F was very close to the indicated breakpoint, yet a 20°F drop in test temperature gave a 32°F float. These
results illustrate the practical impossibility of defining a valid breakpoint with a single test. Even with these fuels, for
which extensive data were available to predict breakpoints and set the test temperatures in advance, two tests were
generally inadequate to give a breakpoint that one would accept with confidence.

The standard deviations included in Table 38 are a rough measure of the agreement among raters
on the position (temperature) for deposits matching each color code. These standard deviations indicate
that the raters often had greater difficulty in identifying and agreeing upon the position of the Code i
deposits than they did for the darker deposits. This is not too surprising, since the difference between Code (b and
Code 1 is not great.

The relatively good agreement among raters in identification of the breakpoint is an indication
that the small tubes are at least no harder to rate visually than are the larger standard tubes. Nevertheless the one
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standard deviation of about 20°F (AFFB-3, Run 88) indicates that there is still a great need for improvement. The
disagreement among raters can be illustrated by the following list of individual '-hour ratings of deposit inception

temperatures:

Code 1 Code 2 Code 3 Code 4
First rater 596 597 640
Second rater 597 598
Third rater 597 637
Fourth rater 592 638 640

Using the present breakpoint criterion of a Code 3 deposit or darker, the four operators would
assign breakpoints ranging from 597 to 638°F, a spread of 41°F. The spread would be 42°F if the breakpoints were
based on Code 4 deposits. In this particular test, a breakpoint based on “Code 1 or darker” or on “Code 2 or
darker” would give less spread in breakpoint ratings—not more than 6°F in either case. This good agreement of

Code ! ratings is not typical; see, for instance Test 90 on AFFB-9, where the breakpoints based on Code | would
range from 344 to 498°F , a spread of 154°F.

Since these rather large rater-to-rater deviations in breakpoint do exist, it is evident that the
inherent precision of the JFTOT or any other coker cannot be evaluated until the color-rating problem can be

removed or separated out. The CRC work planned for the JFTOT with a nonvisual rating device may resolve this
problem.

No detailed analysis of precision has been made for the results presented here. These tests were a
part of a larger CRC program, in which the results presumably will be extensive enough to permit a valid analysis.

{2) JFTOT Tests on Various Fuels

Several JP-4 and JP-7 fuels have been tested in the JFTOT in order to determine their thermal
stability and at the same time accumulate more operating experience on the JFTOT. These fuels were of interest
because of use in other Air Force contractual or in-house programs,

Two JFTOT cokers were used in this work. Coker No. 8 is a Model C JETOT, and Coker No. 9is a
new Model B JFTOT. All tests were run with the system pressurized to 350 psig. Test fuel was prefiltered through
Whatman No. 2V paper. A 0.45-u in-line filter was installed ahead of the test section for all tests.

The results of these tests are shown in Table 39 (Appendix). The temperature values are uncor-

rected. The thermocouple calibration correction, if applied, would be +4°F for all tests on Coker No. 8 and +6°F
tor all tests on Coker No. 9.

For several of the tests listed in Table 39, the deposit inception points were beyond the range of
the temperature protile as it was originally defined, and such inception points were determined by extrapolation.
Subsequently, the temperature profile was redefined so as to cover the entire test surface.

Some of the problems identitied previously did show up again in these tests. Five tests gave
“post-peak” profile distabutions, but this created a problem in interpretation for only one test (No. 6479, “DR™
JP4). Some of the tubes showed minor changes in deposit inception poiats following 24-hour storage, especially fo:
Code | and 2 deposiis,

For many of the tests on the "OF” JP-4 tuel and tor one test on the 70-16 JP-7 tuel, the deposit
pattern was exactly the revense of that expected; the darkest deposits were at or near the fuel inlet, followed by
proveessively ighter deposits. Such reveesals have been seen occasionally in the past, but generally tor tubes having
Code 1 oand 2 depostts only . Here, tor the "OF™ fuel, the reversed deposit pattern included Code 3 deposits and
showed up o most of the tests
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The tests on the three JP-7 fuels did not encounter any particular problems, but neither did they
yield any specific breakpoint value. All of the fuels were stable at 700°F on the basis of the absence of Code 3 or
darker deposits.

The tests on the “DR™ and “HR” JP-4 fuels established breakpoints without any difficulty; the
breakpoints were very sharp and repeatable. The best average values are 544°F for the “DR” fuel and 572°F for the
“HR™ fuel. The “HR” fuel also gave a very sharp breakpoint in filter plugging behavior between 500 and 525°F,
with heavy plugging at all higher temperatures and little or no plugging at all lower temperatures. This sort of
clear-cut behavior in filter plugging at these high temperatures is certainly the exception and not the rule. The
JFTOT tests on these two JP4 fuels illustrate its possible advantages for research purposes. These two fuels are
evidently far better than the specification minimum level of thermal stability. Just how much better cannot be
determined in gas-drive or research cokers, where the safe pressure limits are too low to permit satisfactory operation
on JP-4 fuel at very high temperatures. We have operated gas-drive cokers at 280 psig, although the CRC-recom-
mended limit is 210 psig. In the JFTOT unit, the system pressure of 350 psig in the present procedure permits the
determination of breakpoints on these very stable JP-4 fuels. Even here, the vapor pressure may well be crowding or
exceeding the system pressure at test temperatures of 550-S75°F. If the JFTOT fuel system has a still higher safe
pressure limit, this should be established so that its maximum capabilities can be used.

The “OF” JP-4 fuel caused very serious rating problems in these JFTOT tests. As already men-
tioned, most of the deposit patterns were reversed. Still worse, the breakpoint was elusive and could never be pinned

down, even after 10 tests. The confusing situation is illustrated by the following:

Breakpoint, °F

Tmaxs F 1-hr 24-hr
550 31 311
500 367 360 -
450 350 350
423 349 345 (3 tests)
415 >415 325
400 >400 >400 (3 tests)

The breakpoints obtained at a test temperature of 425°F appeared quite repeatable, averaging
347°F with extreme values of 335 and 354°F. These breakpoints still cannot be regarded as reliable; past experience
has shown that so great a spread between test temperature and breakpoint usually gives unduly high breakpoints that
will “float” downward in tests at successively lower tamperatures. Here, however, a mere 25°F lowering of test
temperature wiped out the breakpoint altogether. It is literally impossible to assign a breakpoint to this fuel. even
after running 10 tests.

Since the “OF” JP-4 fuel had given a reversed-deposit pattern and a vanishing breakpoint in
JFTOT tests, it was run in duplicate standard-coker tests at specification conditions of 300/400°F and in one test at
325/425°F. Code 3 deposits were observed in the test at 325°F fuel-out temperature and in one of the tests ut
300°F fuel-out temperature. The deposits were abnormal, having a light greenish tint, and could be wiped off the
tube readily and completely.

Thus, it appears that an “oddball” fuel can be difficult or impossible to rate properly for thermal
stability in any test method thus far devised. It is not an answer to write off such fuels as freaks unworthy of
attention, since they will appear in regular production as well as in experimental blerds. If this particular "OF" JP-4
fuel can be saved in sufficient quantities for further tests, and if it does not change t00 much in storage . it could be a
valuable reference fuel for use in thermal stability work.

{3) JFTOT Tests on Fuels from Storage and Compatibility Tests

The JFTOT was used, along with other fuel cokers, to evaluate the thermal stability ot fuels from
storage and compatibility tests on bladder-tank materials. The results of this work are presented in Section 1-11.
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e. Step-Test Method for JFTOT

As discussed in the preceding section, the original hope that a fuel breakpoint could be deiermined in a
single JETOT test has not been realized; a four-test series is more nearly typical. Any adaptation or modification of
the apparatus or procedure to permit single-test determinations would be a very significant advance.

With standard fuel cokers, step-temperature tests have been proven to be quite practical in determining
filter-plugging breakpoints. In such a test, the temperatures are raised according to a fixed schedule, and the
breakpoint is detected in the usual manner by noting increase in pressure drop across the test filter. Preheater tube
deposits can also be handled in step tests by using a transparent outer tube for the preheater, but the design and {
safety problems involved have prevented such methods from gaining acceptance.

The JFTOT is similar to the standard coker in that heater deposits cannot be rated until the end of the
test. after disassembly of the test section. Lt was considered possible that deposit formation during the test could be
fullowed by mcans of the nower vs temperature curve. With a constant volumetric flow rate, the power required to
maintain a given tube temperature will be atfecied by the mean temperature differential between the tube and the
tuel, the volumetric specific heat of the fuel, and the overall heat transfer cocefficient. The temperature diffciential
and the specific heat should vary with temperature in accordance with smooth, continuous functions; the heat
transfer coefficient for a clean tube should also follow a smooth curve. If enough deposits form on the tube to
interfere with heat transfer, the effect might b= detectable as a relatively sudden change in slope of the power vs
temperature curve,

The JETOT was not designed to measure heat transfer coefficients, so there was little reason to suppose
that curves could be plotted with sutficient accuracy to detect deposit forination. Heat losses to the end connectors
and to the atmosphere could well have major effects on the power/temperature curve. Nevertheless, the intriguing
possibility of a single-test breakpoint determination seemed to warrant a brief study.

This possibility was investigated using a JP-8 fuel that ha¢ given a breakpoint of 573°F in a regular
JETOT test. The breakpoint in that test was very sharp. With a test temperatuie Ty, ,, = S75°F, very dark colored
deposits (Code 4 and darker) started at 573°F, just ahead of the maximum temperature point, and continued for
0.84 inch; there were no Code 1, 2, or 3 deposits. The fuel also plugged the test filter, starting at 60 minutes and
reaching 10 in. Hg at 160 minutes,

Step tests were run on this fuel by starting at a temperature well below the expected breakpoint of
S73°F and then increasing the setting of the temperature controller in 25°F increments. Three tests were run,
ditfering in the temperature range covered anl the length of time at each controller setting:

Set point, °F Time at each

Testno. Start Finish setting, min
i29 400 100 15
130 400 700 10
131 500 600 60

In cach test, the wattage was recorded S minutes after reset and at the end of the period at the new set
point; in Test 131, an intermediate reading at 30 minutes was added. The wattage readings at the end of each period
should represent the best stabilized values.

Data from these tests are listed in Table 40 {Appendix), and the wattage readings at the end of each
petod are plotted in Figures 3.5 along with the filter pressure drops that were observed.

The most stnkang feaiures ot the data are the near lincarity of the curves and the close agreement of
wattage values tor a given temperature setting. It one assumes that the effective mean iuel temperature increases
lncwrly with tube temperature, then the etfective temperature differential and the mean volumetric specific heat of
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the tuel will also be linear functions of tube temperature. The heat transfer coefficient, in the absence of deposits,
will vary ‘with fuel temperature in a complex manner because of the effects of fuel viscosity and flow velocity on the
film coeificient. Finally, heat losses were expected to increase the relative power requirements at high temperatures
and to cause erratic variations. The JFTOT test section is uninsulated and somewhat unprotected from air currents
in the laboratory. In view of all of these possibilities, the near-linearity of the curves and the close agreement of
wattage values are very surprising.

To illustrate the close repeatability of wattage values, the values in Tests 129 and 130 may be compared
for each temperature setting, regardless of whether taken 5, 10, or 15 minutes after reset. The four wattage values
for each temperature agree within | watt for 12 of the 13 temperatures. At one temperature (425°F) there is a
J-watt deviation.

The data that are of the most interest for present purposes are those at temperatures near the known
breakpoint of S73°F. Each of the three runs shows a definite dip in the curve at 575°F. This can be illustrated best
by the data on AW, the wattage required at a given temperature minus the wattage required 25°F lower. The
following AW valuas refer to the wattage readings at the end of the period at a given temperature setting:

Temperature, °F

5 330 375 600 &5
AW, Test 129 8 7 5 8 8
AW, Test 150 7 7 6 8 8
AW, Test 131 7 8 S 10

The difterences are small but are believed to be significant, in view of the good repeatability of wattage
values in Tests 129 and 130. In addition to the dip at S75°F, ihere is another detimite dip at 650°F with an 8-8-6-8
pattern of AW values in Tests 129 and 130. These dips at 575 and 650°F probably represent changes in heat
transter coelticient caused by deposit formation.

In Test 130, which was run with 60-minute periods at each temperature setting, the break or dip at
S75°F showed up very clearly. A surprising aspect of the data from this test was the increase in wattage requirement
sometimes observed when holding a given temperature setting. The following wattages represent readings after 5, 30.
and 60 minutes at each temperature:

S00°F: 126,130, 131
525°F: 138,138, 138
SS0°F: 147, 146, 146
575°F: 151,151,151
600°F: 154,157, 161

[t is difticult to devise a theory to account for this behavior. The data at S00°F may be explained by
meomplete thermal equilibrium S minutes after startup, but the data at 600°F cannot be explained in this way.
Possibly | the behavior can b2 explained by initial deposition of “loose” or semiliquid material that subsequenily
condenses and becomes a better heat conductor.

The tubes trom these tests were not color-rated in detail. 1t was noted that the tubes from Tests 129 and
130 had heavy deposits, starting further back trom the tuel outlet than they did in the regular JFTOT test (1.4 in.
o step tests, LO4an. for regular test), This should be expected because of the higher temperatures in the step tests.
The wibe trom test 130 was not rated.

The filter-plugging data trom the step tests fine up well with each other and with those tfrom the regulas
TELOT test In the step tests, the temperature at which plugging was first detected was related to the length of the

penod at cach tempeiacine step




Step time, min 10 15 60
Plugging temperature, °F:
Barely detectable 575 525 500
0.1 in. Hg or more 600 575 525

The data from these step tests are rather encouraging in that a wattage/temperature effect could be
demonstrated in the vicinity of the known breakpoint. However, this fuel was deliberately selected as one having a
sharp breakpoint; this sort of effect may be absent with other fuels. Also, even if similar effects do show up with
other fuels, the JETOT wattmeters are not sufficiently precise to make fine distinctions. The encouraging fact is that
any effect could be observed at all.

Further vsork in this direction is planned.
f. Muitiple Temper . ture Profiles

In the JFTOT procedure, the tube temperature profile is determined once during each test, 60 minutes
after startup. This is done by switching the unit from automatic to manual control and moving the
thermocouple to various positions in the tube and recording the temperatures. This temperature profile is
used to translate deposit inception locations to inception temperatures. The selection of 60 minutes as the
time tor taking the profile may have been somewhat arbitrary. If the actual tube temperature profile is
not changed significantly by deposit formation, any time during the test after temperatures have stabilized
would be appropriate for taking the profile. In such a case, successive profiles taken at intervals during the
test would differ only because of imprecision in the temperature determination, and variance would be
simply a measure of repeatability. On the other hand, if the tube temperature profile is af™cted by
deposit formation, then the variance would reflect not only the repeatability of temperature/position deter-
mination but also actual changes in the profile during the test. In this situation, again, definition of a
“best” time to take the profile is difficult. Possibly one should assume that the earliest time when
conditions have stabilized is the best time, since this will come nearest to the ‘“‘clean-tube™ condition.

Since the precision of deposit inception temperature and breakpoint data can be no better than
that of the temperature profile, it would be desirable to obtain an independent measure of the precision
of profile data, without the perturbing influence of deposit formation on temperature profile. A start on
this problem has been made by repeating the profile deiermination at iniervals through the test period.
Such data will provide some measure of profile repeatability and may indicate a preferred time for
determining the profile. Information on reproducibility of profiles among different JFTOT units may also
be gained.

Multiple temperature profiles have been determined ir <4 JFTOT tests, takir, the data after 60, 120,
180, 240, and 290 minutes of test time. These data we.. vuwained on a Model C JFTNT (Coker No. 8) and a new
Mode! B JFTOT (Coker No. 9). The Model B unit was equipped with the latest temperature controlier supplied for
the JFTOT, the Model C unit had an older controller that had been modified so that its control characteristics
approach that of the newer instrument. The temperature profiles were al! taken in the norma! manner. After
switching from automatic to manual control, the temperature is recorded with the thermocouple in its normal
pusition, 0.85 inch from tine fuel outlet at the nominal position of maximum temperatire. Then the thermocouple is
moved to a position 0.2 inch from the tuel outlet, then 0.4, 0.6, 1.1, 1.4, 1.7, and 2.0 inches frem the tuel outlet,
recording the temperature at cach point. Readings may also be taken at 2.2 and 2.3S5 inches trom the tuel outiet,
Finally, the thermocouple is moved back to the control position (0 85 inch from the fuel outlet), the termperature is
recorded, and the unit is switched back to automatic control.

The multiple profiie data are listed in Table 41 (Appendix). These duta have been analyzed only in pant,
no attempt has been made thus far to relate temperature profile changes to deposit formation. Here we will present
the results of prelimimary analyss of the data.
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For each thermocouple position in a given test, the five readings obtained in the five successive profile
determinaiions have been used to calculate an average temperature and the corresponding standard deviation.* These
deviations, which aie entered in Table 41, have heen inspected to deterniine what fraction (percentage) of them
exceed ceitain values, These findings may be summarized as follows:

Percentage exceeding

2°F 3°F 4°F

Ail standard deviations 13.3 4.6
Standard deviations fur posiiions

0.20-0.60 and 2.00-2.35 inches 15.9

0.85-1.70 inches 10.7
Standard deviations for Ty 5,

400-500°F 7.1 0.7

501-600°F 110 38

601-700°F 253 8.9

A rather large number of the standard deviations exceed 3 and 4°F. A standard deviation on the order of
4 to 7°F appears rather high if viewed as a “‘repeatability standard deviation,” but quite moderate if viewed as &
result of error cumulated with a:tual changes in value. The deviations show some variation with position on the
tube: The end sections account for more of the 3-and-up deviations than does the center section (0.85-1.70 inches).
The center seci.on is the more important in breakpoint ratings, since Code 3 deposits tend to occur there. The
devisiions are much less at low test temperatures than at high test temperatures. It has not yet been determined
whe ther this reflects differences in error or differences in deposit formation

These data do not appear suitable for any attampt to determine the reproducibility of profiles among
different JFTOT units. Only two units were involved in this program, the temperature controllers were different on
the two units, and parallel tests were rarely run in two units on the same fuel at the same conditions. A larger
pregram with severa! units would be needed to investigate reproducibility of temperature profiles.

The five profiles are compared in + different manner in Table 42 (Appendix) in an attempi to determine
how each of the five profiles deviates from the mean profile. For each temperature profile in a given test, tempera-
ture deviations from the meaa profile for that test are listed. These deviations (absolute values) are then averaged for
cach profile in the test and listed in the table. These average deviations are in turn cumulated for all tests in five
divisions according to profile determination time and ave,aged to give overall average deviations:

60-minute profiles 1.48°F
120-minute profiles 1.32°F
180-minute profiles 137°F
. 4C-minute profiles 1.77°F
250-minute profiles 1.39°F

I the deviation of each profile from the test-mean profile is purely random, these overall
deviations indicate there is little advantage of aiy one time over another ior determining the profile. The
lack of any clear trend in these overall deviations suggests that they may be indeed random. If there were
a clear tendency for the profile t¢ broaden as denosits form, then one would expect the intermeaiate-time
{180-minute) profile in a given test to agree most closely with the mean for that test, and the 60-minute
and 270-minute profiles tc give the poorest agreement. If there is any such trend, it is not apparent in
the overall average deviations.

*All standard deviations were calculated using Bessel's correction tor small number of samples.
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Further analysis of these data will be nerformed in an attempt to resolve the unanswered questions.
Some of these, particularly those concerning the effect of deposit formation on temperature profile, are quite
complex and may not be resolvable from the data at hand. These data were obtained in iests run for other purposes
and hence do not provide all of the direct comparisons that are needed. For instance, the tests do not include
enough replicate tests on the same fuel at the same test conditions to permit a direct correlation of deposit
formation with change in temperature profile for one particular type of deposit and deposit pattern.

If the available data will not yield the desired information, consideration will be given to setting up a
series of tests designed specifically for temperature profile investigation.

g. Conclusions

Further experience with the Alcor JFTOT has confirmed its advantages in operability and maintain-
ability. Early probiems with the temperature controllers have been resolved. The rating of tube deposits and the
interpretation of results still present serious problems with some fuels, particularly the more stable ones. Even in
favorable situations, single-test breakpoint determinations are infeasible. This test device is certainly not a cure for
everything that has been wrong with thermal stability testing, but it does appear o represent a step in the right
direction,

Future adoption of a 2.5-hour test period will increase the productivity of the unit for conventional fuel
testing but will not be suitable for high-quality fuels unless means for operating above 700°F are devised. Future use
of a nonvisual tube rating device may alleviate some of the present problems in rating tubes and interpreting results.

The JFTOT has been found very useful in studying a variety of fuel stability problems in this program,
and it will be used to a greater extent in the future.

11. EFFECT OF FLEXIBLE-TANK LINERS ON JP-7 THERMAL STABILITY
a. General

One of the specialized problems in fuel/elastomer compatibility is the choice of materials for flexible
fuel tanks or tank liners, The effects of the elastomer on the fuel are especially critical when storing high-quality
fuels such as JP-7. Even minor amounts of contamination can degrade the fuel seriously. Especially severe are the
effects on the thermal stability of the fuel,

In the cnrrent program, we are conducting long-term soak tests on a variety of elastomers that are used
or proposed as liners for pillow tanks in jet fuel storage systems. Our evaluations have been concerned primarily with
the thermal stability of the fuel. Along with this work, fuel samples from a full-size pillow tank have been checked
periodically for changes in thermal stability .

b. Long-Term Soak Tests
(1) Qutline of Program
These studies have consisted of soak tests in which various elastomer szmples are suspended in JP-7
fuel and stored at 130°F znd at indoor ambient temperature. The fuel is checked periodically for thermal stability
using the Alcoi JFTOT, and other tests and analyses are performed as needed. Storage periods up to one year have
now been completed in one set of soak tests (Series 1) and up to four months in ancther set (Series I1). The program
also includes evaluation of fuel samples fram soak tests conducted in another laboratory.

(2} Soak Test Apparatus

Fuel comainers for the soak tests were 15-gallon stainless steel “*bain-maries™ with loose fitting
lids. For convenience in subsequent discussion, these will be called "*pots.” Stainless steel racks were designed and
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FIGURE 6. RACK FOR RUBBER COUPONS IN SOAK TESTS

fabricated; these zre illustrated in Figure 6. Each rack fits into a pot and holds four 6 X 6-inch coupons of the test
material in an upright, stable position in the test fuel. Any one rubber coupon can be removed from the test
assembly without disturbing the rack or the other coupons.
{3) Test Fue:
A sufficient quantity of JP-7 fuel was segregated for each of the two test series. This was the fuel

G identified in Section 11-2-b. For each series, the fuel was mixed thoroughly to assure homogeneity; then 12.5 gal-
lons were pumped to each sample pot through a 0.45-u filter, using a fresh filter for each 12.5-gallon sample.

(4) Test Materials

The elastomers* used in this program were as follows:

Series | ESS-690 (nitrile)
80C29 (polyurethane)
245-13 (epichlorohydrin)
2361C (polyurethane)
Series Il V-1 (fluorinated)
N-1 (nylon)

Coupons, 6 X 6-inch with two holes, were cut from each material. For the 80C29 and 2361C
materials, it was necessary to uncurl the coupons by storing them under a heavy weight. Before use, each coupon
was washed with hot water and mild detergent, rinsed with tap water and then with distilled water, and press-dried
between paper towels.

{5) Assembly, Storage, Sampling, and Testing

Each ‘est assembly consisted of a sample pot with 12.5 gallons of fuel and a rack with four
coupons. In each of the two series of tests, a “blank™ assembly was included; this consisted of the pot, fuel, and rack
without any coupons.

Duplicate assemblies were made up for each test material. One assembly was stored at indoor-
ambient temperature (65-95°F), the other in a hot room rominally maintained at 130°F. Periodic failures of the hot
room were followed by long-term shutdown. The Series 1 assemblics were exposed to 130°F conditions for
“months, the Series Il for | 5 months. Subsequent storage of the “‘hot-room™ assemblies was actually indoor-
4mbient storage. The hot-room sample storage and temperature history is shown in Figure 7.

SWe o have uwed the term “elastomer™  loosely to denote any rubber, plastomer, or flexible plastic that can be used as a tank liner.
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three different JFTOT units were used. All FIGURE 7. TEMPERATURE HISTORY OF HOT ROOM
tests were carried out at 300 psig system STORAGE SAMPLES, SERIES 1 AND 11,

pressure. For Series| samples, the JFTOT OCTOBER 1969-0OCTOBER 1970

inline filter was the original 17 u; for

SeriesI1, it was 0.45 u. Temperatures that are reported are uncorrected values; the thermocouple calibration
corrections, if applied, would range from +4°F to +11°F. The temperature corrections based c¢n the zinc
standard were little different from the corresponding corrections based on the tin standard that is normally
used.

(6) Thermal Stability Test Results and Discussion

Each fuel sample from the storage program was tested first at 700°F to determine an approximate
breakpoint, then at lower temperatures if necessary to establish a reliable tube-deposit breakpoint with no more than
23°F spread between the test temperature (Ty, ,, ) and the breakpoint. Floating breakpoints were encountered in the
tests on the Series| storage samples, as were most of the other anomalies that have been described previously
(Section II-10), including streak deposits, peacock deposits, post-peak profiles, and deposit inception points at or
near the fuel inlet. As usual, these anomalous results appeared to occur at random. In the Series 11 tests, no such
problems were encountered. This probably reflects the absence of any failing tests at 700°F with the Series 1]
samples thus far tested rather than any difference in test equipment or techniques.

The available thermal stability data are summarized in Table 11. The breakpoints are the inception
temperatures for Code 3 or darker deposits, based on 1-hour tube ratings, in tests with a Ty, close to the
breakpoint.

The base fuel, when stored without any elastomer, gave breakpoints in the 640-700°F range

except for one unexplained value of 546°F obtained on the two-month hot-room sample. None of the samples gave
any filter plugging in the JFTOT tests.

*After removal from the storage tost assembly, each coupon was kept in fresh JP-7fuel for subsequent examination and physical
tests by another laboratory
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TABLE 11. EFFECTS OF ELASTOMERS ON JP-7

FUEL THERMAL STABILITY
Alcor JFTOT fuel coker
Soak Hot-room soak Ambient soak
Elastom.- ' time, | Breakpoint, AP, Breakpoint, AP,
mo °F in, Hg* °F in. Hg*
Series [t
None 0 685 00 685 00
1 6641 00 639 0.0
2 546 0.0
4 >700 0.0
6 646 0.0
245-13 1 49?2 10.0/74 495 10.0/106
2 491 10.0/66
4 491 10.0/39
ESS-690 1 677 10.0/200** 494 10.0/210
2 648 10.0/159**
2361C 1 700 0.0 677 0.0
2 612 0.0 677 0.1
4 >700 85,29
6 600 0.7,10.0
80C29 1 654 0.2 >700 00
2 >700 03 >700 0.0
4 668 30 >700 0.0
6 634 00
Series 11T
None 0 >700 00 >700 0.0
1 >700 00 >700 0.0
V-1 ! >700 00 >700 0.0
2t >700 0.0
4t >700 0.0
N-1 | >700 0.0 >700 0.0
2t >700 0.0
4 >700 0.0
*At 300 min unless a different time is indicated; for ¢example, 10.0/74 indicates a
[0-in. pressure drop in 74 min.
+Series TJFTOT tests with 174 in-line filter, Senes 1 with 0.454.
tOnly “failure™ was a long, narrow streak of deposit.
** Also plugged at test temperatures of 500 606°F.
t tHot-room storage penods included only 1.3 months at 130°F, balance at indoor-
ambient temperature
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The 245-13 epichlorohydrin and the ESS-690 nitrile rubber caused severe filter plugging in JFTOT
tests on the stored fuel samples within only one month of storage at hot-room or ambient temperature, Tube-deposit
breakpoints were quite low (490-500°F) in most cases, and the filter-plugging behavior persisted at low temnperatures
even when the tube-deposit breakpoint was high. This rapid degradation of fuel with these rubbers and the apparent
lack of further degradation with additional storage time may reflect complete extraction of plasticizer or other
ingredient within a very short time, or it might be explained by the presence of some ingredient having a very sharp
decomposition temperature, so that the breakpoint is more or less independent of concentration in the fuel.

The poor results with the ESS-690 nitrile rubber had been expected, since earlier data® had
shown that plasticized Buna N and other low-temperature nitrile rubbers are inimical to JP-7 fuel stability. The
epichlorohydrin rubber is more of an unknown quantity. The manufacturer has suggested that sulfur blisters formed
in compounding may have been responsible for the poor performance of this particular sample.

The two polyurethane elastomers gave somewhat better results than the epichlorohydrin or nitrile
rubber, but still showed some tendencies toward filter plugging. Ambient-temperature storage did not bring out
these tendencies, at least in the first few months. Storage of these samples is being continued.

In the Series II tests, the limited data thus far available indicate that neither the V-1 fluorinated
rubber nor the N-1 nylon liner material has any effect whatever on the thermal stability of the fuel. These tests are
being continued. It should be noted that here the “hot-room” storage samples in Series II really represent only a
little over a month at 130°F, with the balance of the storage at indoor-ambient temperature after the hot room
became inoperable.

From the thermal stability test results thus far reported, it is evident that the nitrile and
epichlorohydrin rubbers had rather drastic effects on JP-7 thermal stability, the polyurethanes were rather erratic
but appear to be developing filter-plugging tendencies in the fuel, and the fluorinated rubber and the nylon appear to
be inactive. It should be kept in mind that the ratio of elastomer surface to fuel volume in these tests is about the
same as in a medium-size pillow tank*; therefore, these tests must be considered as simulative rather than
accelerated. On this basis, the data now available are insufficient to judge the suitability of the polyurethane,
fluorinated rubber, or nylon for the intended service. The nitrile and epichlorohydrin rubbers seemn to be unsuitable
for even short-term storage applications.

7)  Auxiliary Data

The stored fuels were checked for existent and potzntial gum contents whenever enough sample
remained after the other test work. The available results are listed in Table 12. None of the stored samples had gum
contents that ever. approached JP-7 specification limits, which are 5 mg existent and 10 mg potential gum. For the
stored samples, the existent and potential gum values for a given sample were quite _imilar. The gum contents do line
up in a general way with the thermal stability results: Fuels stored without elastomer had essentially zero gum
conterts, the fuels with nitrile and epichloronydrin rubbers gave values mostly in the 1-2 mg range, and the fuels
with perfluorinated rubber and the nylon gave essentially zero values. The fuels with polyurethane rubbers gave
values in the 0-) mg range. All of these values are so low that close comparisons are impossible; the gum test is
simply not that precise. Nevertheless, it is interesting that there is at least a general lineup with thermal stability
results; evidently the fuel-extractables that are degrading the fuels’ thermal stability are showing up in sufficient
quantities to be detectable by the gum test.

In t*< Series | tests, the condition of the fuel and rubber samples was checked visually after three days
of ambient « d hotroom storage. The rubbers appeared the same as when installed: that is. the nitrile and
epichlorohydrin coupons were flat, the polyurethane coupons were curled. The originally colorless tuel was yellowed
slightly by the nitrile rubber and more markedly by the epichlorohydrin rubber. Contamination of the fuel evidently

*Forexample, ina pillow tank measuring SO X 15 feet and containing 10,000 gallons, the ratio is 22.5 in*/gal, almost identical to that
used inthese tests,
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TABLE 12, EFFECTS OF ELASTOMERS ON GUM

CONTENTS OF JP-7 FUEL
Soak | Gum content (mg/100 ml) | Gum content (mg/100 ml)
Elastomer | time, after hot-room soak after ambient soak
mo Existant I Potential Existent L Potential
Series |
None 0 0.2 0.2
l 0.0 0.0
2 0.0 0.0
4 00 00 2 0.2
6 0.0 0.0 0.0 0.0
9 0.0 090 00 0.0
12 00 0.0
245-13 1 24 24
2 1.8 18 -
ESS-690 | 04 1.2 1.0 1.0
2 04 1.2 -
2361C 1 0.2 10 1.0 1.0
2 0.8 1.0 00 0.0
4 04 04 090 0.2
6 0.2 0.8 04 0.8
9 0.2 1.4 C.6 1.0
12 0.0 04
80C29 1 00 00 1.0 1.0
N 0.0 00
3 0.0 0.0
6 0.0 00 0.2 0.2
9 00 0.2 0.2 0.2
12 0.2 04
Series 1]
None 0 00 00 0.0 0.0
1 00 00 0.0
V-1 ] 00 0.0 0.0 -
4 0.0 00
0 00 0.2
N1 l 00 00 0.2 0.2
2 0.0 0.0
4 00 00
6 00 00
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occurs rapidly with these rubbeis. It is not known how fast this will show up as a thermal stability effect, since the
first tests were not run until completion of one month’s storage.

Samples of the Series | fuels were analyzed by gas chromatography and infrared spectroscopy.
Neither the polyurethane nor the epichlorohydrin rubbers caused any detectable change in the base fuel. The fuel
exposed to nitrile rubber gave an IR peak at 1735cm™! that was not found for the base fuel. This peak is
characteristic of esters. Soxhlet extraction of a fresh sample of the nitrile rubber, using ethy! ether, gave a residue
that was identified by infrared spectrum as dibutyl sebacate. Evidently this plasticizer was leached from the nitrile
rubber in the JP-7 storage test, Effects of this type of plasticizer on fuel thermal stability are unknown. It had been
established in earlier work(*®) that soluble lead and zinc compounds are present in fuels stored with certain nitrile
rubbers, and more recent work reported here (Section I1-3) indicates that very small amounts of these metals can
cause serious degradation of thermal stability. In the elastomer-soak tests reported here, no effort was made to
establish metal contents of the fuel, in view of the difficulties being experienced with metal analyses in another
portion of this program. In the light of past experience, it appears probable that soluble metals are more important
than rubber plasticizers in fuel degradation, but as yet we have no dir=ct data to support this opinion.

(8) Fuel from Soak Test Conducted E!sewhere

Two samples of JI.7 fuel were supplied from soak tests conducted by a rubber producer.
It is understood that the JP-7 used in these fests was comparable tc that used in ours and that the
rubber samples we-e modified formulations of the 245-13 epichlorohydrin rubber used in our tests.
Exposure conditions for these outside

tesis are not known to us. The two TABLE 13. EFFECTS OF EPICHLOROHYDRIN RUBBERS
rubber ‘ormulations were identified as ON JP-7 FUEL THERMAL STABILITY

WHIS and WHIi6. Fuel samples from

these tests were furnished to us in Alcor JETOT, test tempe, ature, 700°F

tinned 1-gallon cans. The samples were 1 7u in-line filter

sufficient for only one JFTOT test
each. These were run with T,

700°F, using the Model C unit with N Breakpoint, AP,
test conditions the same as for the Elastomer Soak conditions °p in. Hg
Series [ samples.
. ) Compound 'WH15 | Unknown 610 6.0

The data obtained in | Compound WH16 | Unknown 658 5.0
these tests are summarized in
Table 13. aloong with compa‘rable data 245-13 Hot room, 1 mo 597+ 10.0 (65 min)
(Tmay 700°F) on the carlier sample Ambient, 1 mo 538 10.0(51 min)
245-13 and on JP-7 without any
exposure to rubber. It can be S€en | None Hot room, I mo 680 n.0o
that the new samples of epi- Ambient. | mo 673 0.1
chloiohydrin rubber did cause degrada-
tion of the JP-7 fuel, but not as *Test temperature, 6651

much as did one month’s exposure 10
the previous sample. The single-test breakpoints are not extremely reliable, but they at least point out that
the improvement over the early sample is not sufficient to eliminate the haimful effects. It is understood that the
more recent samples were improved mainly by eliminating the sulfur blisters present in the earlier sample.

c. Storage Test in Pillow Tank
(1) Storage Conditions
The tank used in this study is a 10,000-gallon pillow tank with polyurethane liner. 1t was installed
at Wrght-Patterson AFB in 1969 previous history is unknown. The tuel is Shell JP-7 received in August 1969 This

“base tuel” was sampled and tested. Thea 3000 gallons of tuel was pumped into the tank as a rinse. This was allowed
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to stand for two weeks and then pumped out; a sample of rinse fuel was taken at that time. The tank was then filled
with tuel and has remained essentially undisturbed since that time except for sampling operations. Samples were
drawn monthly for thermal stability and other tests,

{2) Thermal Stability Test Methods

Gas-drive cokers, a research coker, and JFTOT cokers were used in these evaluations. The gas-drive
and research coker tests were run within a few days after the samples were drawn, The JETOT tests were often
delayed by other commitments for the equipment; samples drawn for JFTOT tzsting were placed in amber glass jugs
and held in cold storage (below 40°F) until ready for test.

Research coker tests were run with a fuel reservoir temperature of 300°F. The test pressure was
matched to the preheater tuel-out temperature to minimize the possibility of fuel boiling and at the same time, to
operate at the lowest pressure possible in order to minimize pump wear. A pressure of 150 psig was used for tests at
fuel-oirt temperatures below 550°F, 180 psig for tests at 550°F, and 210 psig for tests above SS0°F.

Gas-drive coker tests were run using the CRC flow configuration (Figure 1).

JETOT tests were run with 300 psig system pressure. Test fuel was prefiltered through Whatian
No. 2V paper, and a 17-u in-line filter was used. In the early tests, attempts were made to run the JFTOT at
temperatures above 700°F. Later tests were limited to 700°F. The early iests gave several instances of rating
problems, such as tloating breakpoints, post-peak profiles, and streak deposits. These problems were much less
frequent in the later tests. Two tube-deposit failures in the later tests were chatacterized by thin, narrow streaks of
deposit, and the tubes atter test were found to be bent (bowed) rather more than usual. Both these tests were run in
the new Model B unit: check tests in the Modei C unit on the same fuel at the same condition; did not show either
the excessive bending or the streak deposits. The outer tubes of both units were checked carefully and found to be
dentical. New outer tubes were installed in boih JFTOT units and repeat tests were run, bu: the results were the
same as before. The only ditference in equipment that could be detected was a tighter fit between the heater tube
and buss connectors in the new unit. This may impose more end-testiaint on the tube when it is heated and thus
distort the tube to a greater degree.

TABLE 4. EFFECT OF STORAGE IN Deposit  inception  points beyond
PILLOW TANK ON JP-7 FUEL the «emperature profile limits were encountered in
THERMAL STABILITY many tests, and these had to be estimated by
extrapolation. As discussed earlier (Section [!-10),
Heater breakpoint. °F , for Code 3 deposits at or very near the cold fuel-inlet end do
Month, JETOT | Gas-drive | Research coker. not really define an inception temperature, but
Morage coker coker 300°F reservoir merely mark the start of the heated section. Signifi-
cance of inception temperatures based on such
Obase) | o860 718 ~>700 535 550 deposits is very doubtful at best. In these tests,
O¢ninse) | 720 723 >700 S35 550 only Code 1 and 2 deposits -vere involved, so there

was no snomaly in breakpoint determination..

| 700 > 700 375 600
2 ~700 700 350 (3) Thermal Stability Test Results
3 S0 | o7 700 525 550

4 >T00 630 550 Thermal stability test results
3 700 700 33335 obwined in the three types of coker are sum-
0 ST 700 313 marized in Table 14, The breskpoints are expressed
- =T 700 S35 850 as a range of values whenever the pass-twl ratings
N T 700 350 were about equally  divided at  the indicated tem-
N ~ 700 700 S50 578 peratures. bven the single-valued e¢ntnes represent a
T S7(0) ~7040) 350 certam amount  of subjective interpretation of the
1 SO0 ~700 3235 530 data. since the series of tests on a given tuel would
- e often include  solated  nstances ol failure at a
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temperature below the breakpoint or of passes .t the breakpoint or at higher femperatures. In assigning
the JFTOT breakpoints, it was necessary to exclude numerous results in which the deposits were judged v

be nonsignificant because of location or shape.

The breakpoints indicate that the JP-7 fuel has not changed in storage to any degree that

can be detected by these tests.

Filter plugging data are not shown here, since the pressure drop was zero in almost all of
the tests. One test in the gas-drive coker and one tesi in the research coker did show significant plugging,

but these were isolated, ronrepeatable instances, probably
reflecting either sample contamination or some idiosyncrasy of
the particular coker test.

It is interesting to note that 11 months of
storage in this pillow tank did not harm the thermal stability
of this JP-7 fuel. In the laboratory soak tests described pre-
viously, using polyurethane rubbers at surface/volume ratios
comparable to that of t"~ pillow tank, some fuel degradation
was observed after 6 monu.. of hot-room storage but not after
2 to 4months of indcor-ambient storage. It would be inter-
esting to continue both the laboratory and the tank-storage
programs to determine whether direct correlations can be
obtained. Unfortunately, the hot-room test conditions were
upset when the hot room became inoperable. Another diffi-
culty in establishing any direct correlation is the lack of
knowledge of the exact composition of the liner material in
the pillow tank and of the previous history of the tank.

One point of difference between the laboratory
and tank storage tests is the use of rinse fuel in the tank test. The
rinse fuel itself did not drop in thermal stability, but there is still the
presumption that it may have removed something that otherwise
would have contributed to subsequent fuel deterioration.

TABLE 15. WSIM AND GUM CONTENTS

OF JP-7 FUEL IN PILLOW-
TANK STORAGE
Gum content,
::g'r‘;;‘: WSIM mg/100 ml
Existent | Potential
0(base) | 91 0.2
0 (rinse) 74 0.6 0.6
1 96
2 96 0.0 00
3 99 0.0 0.0
4 97 0.0 0.0
5 98 0.0 0.6
6 95 00 0.0
7 9% 0.0 00
8 99 0.0 0.0
9 99 0.0 0.0
10 98 0.0 00
11 99 00 0.0 N

That the rinse fuel did remove something is a fact, not a presumption. Data on WSIM valuesand gum
contents of the test tuels are shown in Table 15. The rinse fue! WSIM was significantly lower than that of the base
fuel or those of any later samples taken from the tank. The existent gum content of the rinse fuel was
0.6 mg/100 mi, which is slightly higher than the values of 0.0-0.2 obtained on the base tuel and all later samples

from the tank.

Even though precice comparisons and correlations cannot be made between the laboratory and
tank storage results on thermal stability, the data will provide very useful information for judging the suitability of

this class of material for tank-liner service with JP-7 fuel
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SECTION 1}
FUEL LUBRICITY

1. BACKGROUND

The “lubricity” of jet fuels is a practical concern in operation of any fuel-system equipment in which the fuel
acts as a lubricant. The work reported here deals with the effects of fuels on coefficient of friction, rather than
effects on wear :ates or on load-carrying ability. Interest in this particular fuel characteristic resuited from an
Air Foree field problem with sticking of servo valves in aircraft fuel controls. This was identified tentatively s a fuel
lubricity problem, since there was no obvious evidence of valve silting or mechanical factors affecting the sticking.
The problem first became evident in 1966, after discontinuing the use of corrosion inhibitors in JP-4 fuel. Once the
corrosion inhibitors were restored, the problems diminished. Thus, the presumption was (and is) that these particular
fuel-control malfunctions are related to fuel lubricity and that corrosion inhibitors (or at least certain corrosion
inhibitors) do improve the lubricity of JP-4 tuel.

Another background item that should be mentioned is the imposition of a neutralization number limit in the
JP-4 specification during the past vear. This could have very definite effects on fuel lubricity in specific cases, but no
direct information is available.

Investigation of the field problem has been hampered by the lack of any test device that might be expected to
predict valve sticking. The lack of any suitable 1est has also hampered investigation of the antifriction characteristics
ol fuels and fue! additives. In this connection, the Air Force had funded a program, directed by the Coordinating
Research Council (CRC), for the design and construction of a device te rate fuels in terms of this “lubricity”
characteristic. That program,
© Cviinder which was carried out by the
Bendix Corporation, resulted in
the device known as the CRC Jet
Fuel Lubricity Simulator.
Acceptance tests on the simula-
tor were performed by Bendix
and reported by the Coordi
nating Research Council. (1)
The test section was then
delivered to the Air Force. Two
other test sections have been
built by Bendix. one tor Geneyal
Electric Co. (Evendale, Ohio)
and one retained by Bendix.

2. TZST APPARATUS

The sinulator consists of
two valve sets mounted in a hous-
ing with means tor driving the

Load Ring Adjusting Nut Vaive valvey n reciprocating motion,

imposing a side load on the valves.

FIGURE S JET FUEL LUBRICITY and measuning axial force and
SIMUTATOR TEST SECTION valve position.

The stmulator test section as turnshed by Bendin s allustiated in Figure 801t consists of two alummum
Aluwrler valve sets wath hard-taced basied and linds. mouated moan almmmum block Feusing with passapes 1ot
cipeivinye test tuel to the ovhnder valve shidmg surtaces. Inour work | the housimg has been e Tut, wath both valves

S e horontal plane The valves are sidedoaded by o calibrated spring connecting the two valves bach
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cylinder/v:lve set is matched; the components are not interchangeable, Or. end of each valve is connected via a load
ring to th: crossarm of a drive shaft. The axial force on each valve is measured by strain gages mounted on the load
rings. Valve position is measured by means of a linear voltage differential transformer (LVDT), not shown in
Figure 8. This instrument was not supplied with the test section.

The unit delivered to the Air Force and supplied to $-vRI for evaluation consisted of a test section only, with-
out any external drive, fuel supply system, or instrumentation. No specifications or description were given for such
auxiliary equipment; hence, much of our initial effort was taken up in design, selection, procurement, assembly, and
checkout of the auxiliary equipment. The three laboratories that have set up and operated lubricity simulators.
Bendix, General Electric, and i oo
SwRI, have procceded in some- Power Supply

. . . & Voins OC
what different directions on this Sricge
auxiliary equipment, and the Unit
overall apparatus cannot be re- __@——I
garded as fully standardized at e e -
t Transducer ——— Y
present. N, Gas Drive Motor v
. X
A diagram of t'he complete Camnon Piog 1 o —
test assembly used in the work influent Fuet o S Recorr
. - 1
reported here is thown in A g«m.;.o?f'm
. L odule
Flgure 9, A0 HL W0V, ..,
Etfluent Exciation
Fuel

In operation, the valves are
moved back and forth by the FiGURE 9. DIAGRAM OF JET FUEL. LUBRICITY
drive system while pressurize’ SIMULATOR TEST APPARATUS
fuel is fed to the sliding surtaces.
Signals representing axial force (‘cad-ring strain gages) and valve position (LVDT) are fed through a demodulator
circuit to an XYY' recorder to give a continuous plot of axial force vs. valve position for each cylinder/valve
assembly. For any given side load imposed on the valves by the load spring, the valve breakaway and running forces
and the corresponding coefficients of friction should be a measure of the “lubricity” of the test fuel.

The fuel system consists of a nitrogen-pressurized fuel reservoir, an in-line filter (0.45-u meinbrane), and the
necessary valves and tubing. All fuel-wetted components are stainless steel. The original design was for a single fuel,
as shown in Figure 9; later, a second fuel reservoir w s added to faciiitate switching from one test fuel to another.

The filtered fuel is fed into the bcttom of the test section (center as shown in Figure 8), from which it flows
through internal passages ia the housing to the two interdand spaces on each valve, through the land-cylinder
clearances, and thence either to the center cavity or the end cavities of the housing. Oddly, almost all of the flow
goes inward to the center cavity: no explanation has been found for this asymmetric flow. When the center cavity is
filled with fuel, it overflows through a connection in one side of the housing (bottom as shown in Figure 8) and can
be collected and timed to establish the fuel feed rate. These details are given because this contiguratios difters from
those used by other laboratories. The test section could be uprated in any position, and fue! fiow could be reversed
by pressurizing the entire housing. With the flow ariangement that we have uscd, the housing cavities are unpres-
surized and can be left open as needed to check fuel flow or leakage and to connect a position-indicating instrurment
to either valve.

The drive system used here includes a double-reduction wonmgear motor with dsive control delivering high
torque at speeds down to 1/2 rpm, with precise speed control and provision for braking and reversing. 1he motor
shatt is fitted with 4 drive crank (wheel) and coninecting rod, which in turn is joned to the test-section drve sha't by
means of a yoke The crank radwus is fixed at 914 in_, giving a stroke of 0.28 .

Instrumentation was selected so as to record axial torce vs. position Tor cach valve or to give time-piots ot any
two variables. The axial force is determined by the outputs of strain gages on the two load-rieng assemibhes,

calibration curves for which are given 1n Figure 10. Fach load-ring response 1s linear. both i tenaon and
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compression, over the range of application. Valve position is measured by a linear voltage differential transformer
(LVDT) mounted on either valve at the end opposite the load ring. It is also possible to mount the LVDT on the
drive shaft, but this would not give a good indication of valve position or travel. A calibration curve for the LVDT is
shown in Figure 11, It will be noted that the deviation from linearity does not exceed 1.5% up to %0.15in,
displacement. This is entirely acceptable here, since the valve position measurements are used primarily to provide a
reference axis for plotting the primary force valves taken from the load-ring outputs. ‘

SV Excitation, 12042 Bridge, 4 Active Arme

wr —
SN 1 {Tenson) SN-1 (Compression)
B -
7 s i+
i 1
2 o
o It o J VL " L. I J
Load, 1t Loed, b
104 r
al. 5N 2(Tenmon) - SN-2 (Compreseion)
s 1
6 41 S =
2 -
0 | b L | 1 N L ]
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FIGURE 10. LOAD RING CALIBRATION
*200 — Type 2505L Nu. 336
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FIGURE 11. LVDT CALIBRATION
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Signals from the 1L.VDT and load rings are fed to a demodulator with digital indicator, the signal conditioning
circuits of which have been maiched to the characteristics of the strain gages and LVDT actually used. This indicator
provides a convenient means of relating signal outputs to real values (force or position) while the simuJ'ator is in
operation. However, the instrument has given a number of problems and has been returned to the manufacturer for
correction. Meanwhile, a strain gage coupler, on loan, has been used to condition the simulator outputs.

The conditioned signals are fed to a two-pen, three-vuriszble XYY’ recorder that will generate two curves
simultaneously from dc signals representing a single independent variable and two dependent variables. A huilt-in
sweep generator provides a time base on the horizontal axis for plotting any two variables against time,

In the usual mode of operation, the position of one valve (LVDT output) is recorded on the X-axis, and the
axial forces on the two valves (load-ring outputs) are recorded on the Y and Y’ axes. This gives two traces, roughly
rectangular, the heights of which (Y-direction) are proportional to the axial forces, Each trace shows a force peak at
each end, representing the breakaway force. The peak-to-peak height is a measure of the average breakaway force.
The average height of the rectangle (excluding the peaks) is a measure of the running force. These forces are
converted (v eguivalent coefficients of friction by dividing by the side load on the valves. A typical plot of axial
force vs position for a pair of valves is shown in Figure 12. The “push” direction occurs when the load rings are in
compression and the “*pull” direction results when the load rings are in tension.

PULL
}— it —— —
s PUSH ’ A
3 -——
“
2 PULL
o ———
e
- -
PUSH
—

Valve Pusition

FIGURE 12. TYPICAL FIVE-CYCLE TRACE FOR
TWO VALVES OF LUBRICITY SIMULATOR

The recorder may be set up to plot time on the X-axis, along with position and axial force for one valve on the
Y and Y’ axes (or, alternatively, axial force for both valves). This method of recording hus been used primarily o
analyze the motion-force relationships, to show the amount of “slop™ in the linkages, and to run special experiments
on breakaway forces with slow application of load.

In the initial stages of the lubricity simulator investigation, no one other than the manufacturer, Bendix, had
any working experience with the simulator. Only limited background data were available, those having been
obtained in the acceptance testing performed by Bendix. Hence, a rather thorough checkout and familiarization test
series was required here. First, the test section was examined carefully to ensure that it did meet the specification
requirements set forth by the CRC Fuel Lubricity Group and to determinc that the critical dimensions were within
the manufacturer’s indicated tolerances. No discrepancies were found.
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3. PRELIMINARY STUDIES

Isooctane was chosen as the test luid for preliminary studies. This had been reconunended by the CRC group
as one ol the fluids to be used in initial evaluations and had been used by Bendix in acceptance tesis. isvoctane
should represent a uid with very little “lubricity,” since it is relatively low in viscosity and free of nonhy drocarbon
constituents. The isooctane used here is material conforming to TT-8-735, Type I, used without special treatment
other than filtration through the in-ine filter.

Betore any testing, the individual components of the test section and the fuel system were rinsed thoroughly
with isopropunol and then with acetone, and air-dried. As each cylinder/valve set was assembled, it was wet with the
test fluid, isooctane. Pressurized fuel was fed to the test section and the center cavity was filled, after which flow

rate was measured and adjusted.

For all of the work reported here, fuel flow rate was held at 3 ml/min, setting the drive pressure as needed.
This flow rate is quite close to that used in some of the early work of General Electric and Bendix, where a fixed

inlet pressure hud been used.

Foi the work reported here, the load spring was placed in the center or “inbourd™ position of the valves, so as
to apply a perpendicular force midway between the valve lands. This spring position is as shown in Figure 8. The
valves can also be side-oaded in uny one of four “outbourd positions,” as indicated by the holes in each valve stem.
However, these outboard load positions have not been used in any of the work performed here.

In deteemining friction coetficients, the drive is started with fuel already flowing through the test section. A
trace is plotted tor five consecutive cycles, each cycle consisting of a crank revolution, i.e., a 0.28-in. valve stroke in
cach direction. When the simulator and associated instrumentation are operating properly, the five-cycle trace will
appear almost as a single line. I the five cycles do not track properly, the simulator drive is left on and recording is
repeated until a repeatable tivecycle trace is obtuined,

The first study of coefticient of friction with isooctane was made with side loads of S, 10, 15, and 20 1b and
with speeds of 203 und § cycles per minute. The results of these tests are shown in Table 16. It can be seen that the
two valves ditfered significantly in the results obtzined, and that there was a trend toward higher apparent
voefticients of triction as the side load was increased. No significant effect of cycle rate could be detected. Averaging
all results obtained with a given valve and a given side load (regardless of cycle rate), the following values are
obtained for the mean coeflicient of friction and the corresponding stundard deviation:

Sy 10 Ib 151b 201
l!réuk.nvuy
A 0.102(0.012) 0.213(0.023) 0.210(0.012) 0.228(0.004)
4A 0.127(0.010) 0.251(0.024) 0.259(0.012) 0.292(0.003)
Running
A 0.080(0.008) 0.176(0.016) 0.179(0.013) 0.196(0.004)
4A 0.101¢0.009) 0.222(0.019) 0.230(0.015) 0.2680.009)

The difference between the two valves is very apparent in this comparison. In all cases, comparing either
breakaway or running friction at any given load, Valve 4A gave values some 20-35% higher than those given by
Valve 3A, and the spread between the two valves was greater at the higher loads. Also, it can be seen that the major
effect of increasing the side load was in the step from § to 10 1b; further increases in load gave only moderate
increases in apparent coefticient of friction,

I examining the repeatability of these results, the schedule of testing must be taken into account. One series

of runs at 5,10, and 15 Ib side load and all three cycle rates was made on one day. Four days later, this series was
repeated. includmg one extra run at the 10-b/2-cycle condition. On the following day. all runs at 20 Ib side load
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were made. It will be noted that the repeat- TABLE 16, PRELIMINARY LUBRICITY SIMULATOR

abiirty standard deviations were wer for the RESULTS ON ISOOCTANI:
20-1b run. than for those at lower side loads,

particularly it compared in terms of pervcent of Flow rate: 3 mljmin
the mean. which was 1-37% for the 20-b runs No. of eveles: 5

and 5-127 for the other runs. This difference Temperature: 78 + 31

may well reflect actual changes in the condition
of the valves durisy the course of these tests; I

the 20-Ib runs. all masde on the same day, would Side Coefficient of friction* ]

be expected to be more repeatable than runs load. Ib l—2.cy</min 3 cy¢/min Sceyc/min |

made on different days, ) Bkw J Run skw | Run Bkw J Run
Another factor affecting the repeatability Valve 3 o J

iy error in the side load. Installation of the
spring in the simulator is a rather awkward
operation, and the adjustment to the
desiied extension (for a given load) must
be made by trial and error setting of two
retaining nuts, The spring fumnished with
the simulator has a force constant of about
651b/in., in line with original requirements
for operaticn at side loads as high as 501b.
With this spring. an error of only 0.001 in.
when adjusting the extension will give a
load error of 0.065 b, which is 1.3% rela-
tive error with a 5-lb side load. Clearly, a
ligsaer spring is neceded for accurate setting
of loads in the lower range. Such a spring
was obtained recently but was not used in
any of the tests reported here.

5 0.088 | 0.068 { 0.090 | 0074 10.092 0073
N 0.108 [ 0.088 [ 0.113 | 0.088 [0.120 }’ 0.088
|
10 0.158 10,140 [ 0.222 1 0.175 [ 0215 1 0173
10 0.220 ] 0.183 [ 0220 | 0.18% | 0.233 1 0.190
10 0.225 | 0.1KS

|
l
15 0.194 | 0.167 | 0.201 | 0.165 ()‘I‘)(»};().I()(»
15 0.222 1 0,194 { 0.222 1 0195 1 0.220 ° 0.18%
0.203
0.192

I
20 0.225 1 0.195 10.233 | 0198 [ 0.235 :
20 0.223 1 0,193 [ 0.225] 0.193 10230 !

Valve 44

5 0.106 { 0.088 [ 0.120 | 0.093 | 0.135 | 0.095
5 0.135 1 0113 10135 | 0106 | 0.130 | 010K

Referring again to Table 16, it will be 10 0194 1 0180 1 02651 0218 10265 | 0218
noted that, for the runs at 5 10, and 10 0.265 1 0230 1 0255 ] 0.235 [ 0263 ] 0.043
15b loads. the coefficient of friction was 10 0.255 | 0.230
almost  always higher in the second run
than in the irst run (made four days 15 ] 024702150255 [ 0215 [ 0243 | 0215
carlier). This coula reilect merely the load 15 0278 1 0250 1 0206 | 0240 10206 | (.28
spring  setting inaccuracy  just  discussed.

However, it is difficult to visualize enough 50 0295 10200 10298 | 0273 102021 0278
crror to account for individual  devittions. 20 0.293 10264 1 0.290 | 0.279 | 0285 | (0.255
For example, with Viive dA at Sh und .

2oyeles/min, the two  breakaway  friction *Calculated by dividing axial force by side load, without an,\w
values were 0106 and 0135, To uttribute correction for “zero-side-load™ avial torce

this deviation solely to load spring setting
error - would  mean  that  there  was g
difference in true load ot about 1.2 hetween the two tests, equivalent 1o abour 0015 m. sprng adjust-
ment. So - large an error does not appear likely. even with the rather awkward means ol adjustment that
must be used.

The apjaient tncton trend  trom Bist o second tun was undtormly upward. this argues against Joad
sprme sething enor as i source of the dicrepancy . 1t appears more hkely that there was an actual
clange n the behavior ot the tuellohacated shiding comtact. This could be caused by trace restdues o
polar contaminants lett an the apparatus even after the exhaustive cleanmimg, these residues gradually
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disuppearing as the apparatus is run, Another possibility is the accumulation of small amounts of debris from wear
and damage of the shiding surfaces, which would incresse the apparent coefficient of friction. It should be
remembered that the tests in question were run before the need for any break-in procedure had been established, so
that tunewise changes it the valve surfaces and in the apparent coefficient of friction were quite likely.

Another factor that could affect the test repeatability is temperature. No precise temperature control has been
maintained, other than that the room was held between 75 and 80°F when tests were performed. Whenever severe
temperature fluctuations were caused by heating or air conditioning failures, work was suspended in order to avoid
possihly significant temperature effects of fuel viscosity or valve/cylinder geometry.

4. INITIAL EVALUATION OF FUELS
Following the preliminary work on isvoctane, a brief attempt was made to determine whether the lubricity

simulator could detect additive type and concentration in real fuels. For this work, a JP-4 fuel, produced by Cosden
Oil and Chemical Co., was furnish-

TABLE 17. EFFECT OF CORROSION INHIBITORS ‘ ed from Air Force stock. This fuel,
ON BREAKAWAY FRICTION which contains no corrosion

inhibitor, was purchased in 1967,

Side load: 20 1b when corrosion inhibitors had been

Cvele rate: 2 cycles/min temporarily excluded from JP-4

No, of eveles: S fuel. For the tests reported here,

Temperature: 78 + IF this JP4 fuel was blended with

corrosion inhibitors X and Y, each
at concentrations of 4 and

Breakaway friction®, Breakaway friction®, 16 1b/1000 bbl, which represented cur-
Vilve 3A Valve 4A ;rent QPL minimum and maximum
Inhibitor, thiMbbi: ] 4 16 __() 4 16 allowable use concentrations. These
tests were conducted at a {uel flow
fsooctane 0.225 0.295 rate of 3 ml/min, wvalve cycle rate
0.123 0.293 2 cycles fmin, and side load 201b.
Mean 0.224 0.294 Uninhibited JP-4 was run first, fol.
lowed by JP4 with 41b/Mbbl of
Cosden JP.4 ¢+ (0.323 [0.315 | 0.298 | 0.383 | 0.373 | 0.345 Inhibitor X and then with
inhtbitor N 0.290 [0.315 10.290 | 0.373 | 0.373 | 0.348 16 1b/Mbbl. Then the apparatus was
0.295 0.290 | 0.383 0.345 | flushed and rinsed thoroughly, after
1,293 0.343 | which the sequence of runs was
Muean 0.303 [0.315 10294 { 0379 | 0.373 | 0.345| repeated with JP-4 containing
Inhibitor Y.
Cosden JP-4 + 0.290 10270 [ 0.228 ] 0.375 | 0.353 | 0.298
inhibitor Y 0.298 {0.273 {0230} 0.368 { 0.360 | 0.310 The results of these tests are
0.298 | 0.278 [ 0.240 | 0.375 | 0.363 | 0.315] listed in Table 17, along with values
: Muan 0.295 10.274 | 02331 0.373 | 0.359 | 0.308 | obtained on isooctane the day
before this series was started.
“Breakaway coetlicient of Triction c:nk'uln_l_cd l)y x!ividingn\iul foree by side load, Oddly enougit, all of the results of
without any correction for “zercide-load™ axial foree. , K
Cosden JP-4, with o without

inhibitors, gave coefficients of
frction frigher than those for the isvoctane. This was completely unexpected and has not been explained satistuc-
tonly. 1 will also be noted that the Inhibitor X gave little or no decrease in friction when added at the 4-1b level and
only a moderate decrease when added at the 16:4b fevel. The etfect of the Inhibitor Y was more pronounced.

Howould not be sate 1o draw any conclusion from these tests as to the relative merits of the two additives in
miproving tuel lubncity, At the time these tests were run, considerable operating difficulty was  being
expenenced  with the simulator, and  the reversal of the expected comparison with isooctane must cast
doubt on all of the values,
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5. FIRST INTERLABORATORY CHECKS

In an attempt to determine the reproducibility among the three prototype simulatois, two different test fluid
samples, each from the same bulk source, were supplied to General Electric, Bendix, and SwRI. The two fluids were
isooctane and Bayol R-34, which had been recommended by the Test Fuels Panel of the CRC Lubricity Group. Al
laboratories conducted their tests in this program at a side load of 5 1b and a speed of 2 cycles/min. The following
results were obtained:

Breakaway coefficient of friction

Bendix G.E. , SwRli
Isooctane 0.152 0.159 0.098 (3-B)
0.108 (3-B)
0.116 (4-B)
0.135 (4-B)
Bayol R-34 0.170 0.197 0.338 (3-B)
0.227 0.335 (4-B)

The Bendix and Genera) Electric resuits were in reasonable agreement, but the SwRI results were lower on
isooctane and far higher on Bayol R-34, Just why one laboratory should rate high on one fluid but lower on another
is entirely unclear. All three laboratories agreed that Bayol R-34 gave higher friction values than did isvoctane. This
cannot be explained unless one assumes a large hydrodynamic component in the lubrization (unlikely under these
slow-speed startup conditions) or insufficiently pure isooctane. All in all, this preliminary program did not lead to
any satisfactory conclusions.

6. INDEPENDENT BREAKAWAY MEASUREMENTS

Following the attempt to establish reproducibility among laboratories, it suddenly became impossible to
obtain any consistent results with any fluids. The valve operation became very noisy, and stick-slip behavior was
evident, particularly at the lower cycle rates. The ensuing search for the causes finally developed into a complete
shakedown of the entire apparatus. The demodulator instrument was returned to the manufacturer for service and
recalibration, and a substitute was installed. Two unused cylinder/valve sets (Nos, 5 and 6) were placed in the
simulator. It should be noted that no specific break-in procedures had been established at that-time. No consistent
results were obtained with the new cylinder/valve sets. In retrospect, it appears probable that the lack of any
adequate break-in, plus operation with poor lubricants unde- fairly stringent conditions, damaged these valves
sufficiently that operation was poor and consistent results could not be obtained.

During the course of this work, it was decided to determine whether the breakaway coefficient of friction
could be determined by independent loading of one valve, having disconnected the drive system. This would
eliminate the effects of vibration, valve-to-valve interactions (via the crossarm), and play in the linkages; in other
words, it could provide a wellcontrolled means of recording the breakaway force with a gradual application of axial
loud at a fixed rate. In practice, since the simulator is designed with two valves, it is difficult to investigate one valve
independently, :

For this work, the drive-end cover plate, drive shaft, and crossarm were removed. and a load adaptor was
mounted on each load ring, for connection to a variable weight (one-gallon bucket) by means of a flexible cable and
pulley. With this setup, after hand-positioning both valves, establishing the flow rate of the test fluid (isvoctane), and
setting the side foad, one valve would be end-loaded gradually by adding water to the bucket at a fixed rate. The
axial load was plotied against time on the XYY’ recorder, and the load at breakaway was taken as a measure of the
static coefficient of friction.

The valves were hand-positioned in the cylinders and side-loaded to 2, 5. or 10 Ib. The starting position for the
valves was either “extended™ or “midpoint,” which would correspond in the regular drive configuration to the
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TABLE 18, BREAKAWAY FRICTION WITH INDEPENDENT LOADING extreme end of the push stroke and
s to midstroke, respectively. The

Fluid: Isooctane values that were obtained are
Flow rate: 3 mi/min shown in Table 18. It can be seen
Temperature: 78 + 3°F that the apparent coefficients of

friction for breakaway with 2 or
10 1b side load are all in the

Side . Breakaway coefficient of friction 0.420.74 range, i.e., much higher
load, Sta.n,mg Valve SA Valve 6A than those obtained in the normal
b | PN REG T Mean | Std dev | Result | Mean | Stdder]  drive configuration. For the S.b

side load, the coefficients of fric.
10 | Extended | 0.583 | 0.598 0.029 | 0.528 | 0.593 | 0.093 tion at breakaway are in the

0.623 C.503 0.280.37 range, which is still some-
0.628 C.743 what higher than we had considered
0.558 0.598 “normal” for breukaway friction

for isooctane. The reason for the
10 | Midpoint | 0.508 {0.556 | 0036 | 0.678 | 0.560 | 0.068 higher values at 2 and 10 Ib in com-

0.573 0.533 . - parison with 51b is not entirely
0.540 0.523 K clear. Normally, one would expect
0.603 0.508 the coefficient of friction to remain

. constant or increase as the load is
5 Extended | 0.288 10276 | 0.013 0342 { 0347 | 0.017 increased, as “lubrication" becomes

0.288 0.362 poorer. The high values at the low-
0.258 0.322 est load may merely reflect large
0.268 0.362 relative errors introduced by “bind-

ing” of the valve, i.e., by the large
5 | Midpoint | 0.368 |0.336 | 0022 | 0.282 | 0.294 0.C13 relative effect of load self-imposed

0.308 0.302 by imperfect fit of the valve and

0.328 0.282 cylinder. At low applied loads, the

0.338 0.312 true load is much greater than the

applied load, but this is neglected in

2 Extended | 0.675 |0.675 0425 | 0425 calculating the coefficient of fric-
0.67S 0425 tion, Unfortunately, there is no

sound way of compensating for this

2 | Midpoint | 0715 | 0,715 0445 | 0445 error. In some of the subsequent
0.715 0415 work, a zero-applied-load break-

away - force was determined, and
this was subtracted from the
breakaway force with applied toad to give a corrected force for use in calculating coefficient of friction. This method
is not sound, since side-loading the valve changes the valve/cylinder geometry and hence the self-imposed drag.

The “independent breakaway” values, regardless of side load, are all considerably higher than those obtained
under normal drive conditions, This can be explained by the difference in method of load application. fn the
independent breakaway tests, the valve is at rest for 4 relatively long period, amounting to several minutes, Louad Is
applied very graduatly, and there is no vibration, All of these conditions favor higher breakaway friction. Under
normal drive conditions, some vibration is present. and the valve is at rest for only a few seconds, In theory, the rest
period would be infinitesimal, as'aming that the valve motion followed the theoretical sine curve. In practice, the
curve of valve displacement vs. time has flats at each extreme position, representing play in the linkages. Most
of this probably comes from the ball-joints that connect up the load rings: these joints develop considerable
looseness, whether from wear or from cold flow of the Teflon inserts, and il has been necessary to replace
them several times, The motion curves have not yet been analyzed to calculate the actua) amount of ply,
butat is often ¢nough 1o account for some $-10% of the total elapsed time being spent at rest al the ends of
the strolie. Then, after the play is tuken up, the valve is set into motion quite rapidly, since the drive shafi is
abicady  movine. This sort of breakaway is quite different from either a true sine-curve reversal with
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infinitesimal dwell time or from a breakaway obtained in the independent gradual-loading tests. Hence, it is
not at all surprising that the independent measurements gave completely different (higher) values than did the
measurements made with the simulator drive system.

In many of the tests with gradual loading, the normal straight line on the plot of axial force vs. time
would show an intermediate bre:k, in which the valve evidently slipped slightly from its original position but
was hung up almost immediately; thereafter, the straight line continued up to the final breakaway and travel.

Returning to the data of Table 18, it will be noted that the repeatability standard deviation for the runsar 5 1b
side load was significantly less than in the runs at 10 b, At the same time. valve-to-valve and position-to-position
deviations (based on the means) were less in the 10- runs than in the 5-1b runs. These data did not furnish any real
basts for a choice of side load for further work. The 2 Ib side load is considered 100 low to give any ineaningtul
results, in view of the large relative effects of internal binding loads (note also the large valve-to-valve vanations at
the 2 1b load). The § 1b load was chosen for further work primarily because of our belief that higher loads. with poor
lubricants, can lead 1o damage of the test surfaces and hence aggravate the uncontrollable effects of mechanical
factors.

7. INTERLABCRATORY CHECKS WITH SAME VALVES

In order tu determine whether individual valve characteristics or other factors were the primary cause of the
poor reproducibility observed earlier, a test program was set up using the General Electric and SwRI lubricity
simulators with the same cylinder/valve sets o be used in both simulators. The agreed test conditions were:

Side load (center position) Sl

Cycle rate 5 cycles/min
Stroke length 0.2¥ in.
Flow rate 3 ml/min

General Electric furiished two new cylinder/valve sets for this work, identitied as G1-5 and GE-6. General
Flectric also furnished a common stock of isooctane and oleic acid for the test Nuids. Basicaily, the program plan
consisted of a break-in run of 600 cycles in the G E. simulator using isooctane plus SO mg/lirer ot oleic acid as the
test uid, at the end of which triction would be determined. They would then switch to straight isooctane by their
normal fuel-change procedure and determine the new friction value. The cylinder/valve sets would then be removed
and transferred to the SwRI simulator, where essentially the same sequence as that performed by G.E.
would be repeated.

It should be mentioned that. prior to this work. G.F. had come 1o the conclusion that ' valves
and cylinders should never be removed irom the housing except when absolutely necessary. in order to avoid
possible damage to the brittle hard-faced surfaces. Hence, they would switeh 1rom one test fuel to anodher without
removing the valves. We had gone to the other extieme, and had made 1t g point to disassemble and solvent-clean tie
entire apparatus, including valves, eyhinders. housing. tuel tank and Glter, whenever test fuel was chonged. For thas
program, howesver, we instahed a second fuel supply tank, connected 1o the mam tuel supply hine just abead ot the
in-hne tdter. to permit changing test fuels without complete disasseinbiy

So faras we can deternne . the GoEoand SWRE dove ssstems were verny comparable at the qame this progiam
was iun Instrumentation dittered somewhat. G F o handled theic outputs on g high-speed twospen recorder, plottimg
position and axal torce (vs ome) tor one valve ondy | athier than XYY plotang tor both vaives This dilferenve
recording insttuments should not have any eltect on the sesults obtamed. asstming that both mstruments have o
suthicienthy bast response 1o pick ap the actagd masimum breakaway torce A1 the stow valdve travel tates that are
usedn this work strament response time does noi appean to be crnical
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When G.E. gave Valves GE-5 and GE-6 a break-in run on isooctane plus oleic acid, they found that the friction
stabilized after some 550-600 cycles; values of 0,150 for breakaway and 0.140 for running coefficient of friction*
were obtained after 600 cycles. This refers only to Valve GE-5; they did not obtain data on the other valve. They
next switched the fuel feed to straight isvoctane and ran fo. 50 more cycles, finding no change in the friction values.
These values are recorded in Table 19, along with the results subsequently obtained in our fests.

The cylinder/valve sets were then removed from the G.E. simulator and transferred to the SwR/! simulator,
which had been solvent-cleaned before this operation. The cylinders and valves were installed in the housing in the
same configuration used in the G.E, simulator. :

In the initial SWRI tests (sce Table 19), isooctane plus oleic acid was run for 600 cycles. Operation "vas stable,
and it was noted that the valves appeared to function more smoothly than those sets we had been using previously.
The repeatability standard deviation ranged from about 2.5 to 5% of the respective means, which is considered quite
good for this type of extended run, The mean values for Valve GE-5 were 0.164 and 0.151 (breakaway and runuing)
which are quite close to the values of 0.150 and 0.140 obtained by G.E. Valve GE-6 (which was not instrumented in
the G.E. tests) gave values 0f 0.137 and 0.122 here.

No clear trend in friction values, either upward or downward, was observed in the 60C cycles on isooctane plus
oleic acid. If anything, the :rend was upward, but it was obscured by high initial values and one out-of-line final
value. The high initial values sugges( that a certain amount of break-in is necessary after reinstalling the valves, even
though every effort is made to reinstall them in the same position.

After completing the runs with isooctane plus oleic acia, al! fluid was removed from the test housing and fuel
lines by suction. The filter housing was drained, and a new filter membrane was installed. Then the system was
switched over to the second fuel supply tank, containing straight isooctane, and all fuel lines were flushed twice with
approximately 100-ml portions of the new test fluid. Flow through the sim::lator was reestablished at 3 ml/min, and
the drive system was turned on,

The values obtained in 175 cycles (35 minutes) of operation on straight isooctane were considerably higher
than those obtained on isooctane plus oleic acid, contrary to the results reported by G.E. Also, it was noted that the
triction vilues continued to rise during these 175 cycles, reaching final values of 0.261/0.206 for Valve GE-5 and
0.233/0.183 fr GE-6. This suggests very strongly that traces of the oleic acid were still contaminating the working
surtuces, and that the friction might well have continued to rise if additional cycles had been run.

This sequence was repealed, with 61 cycles on isooctane/oleic acid followed by 60 cycles on straight iso-
octane. Again, the friction values on isooctane/oleic were in the 0.14-0.16 range for GE-5 and 0.12-0.14 for GE-6.
Subsequent cycles on straight isooctane gave the same pattern as befose: rising friction values, significantly higher
than on isooctanesoleic acid.

Since the G.LE. resulis did not show any difference between isooctane with or without oleic acid, it appears
logical to ascribe the discrepancies between the twe laboratories’ results to differences in the fuel supply system
configuration and the flushing procedures that were used. In the SwRI tests, all excess fluid was removed from the
housing and fuel lines before switching fuels, and the fuel lines were flushed with new fuel before completing the
hookup. In the G.E. tests, the switch of fuels was made without any extra flushing or removal of the previous fuel.
Even with the flushing procedures used in the SwRI tests, the coefficient of friction with isooctane was continuing
to rise, although at a decreasing rate, after 175 cycles of operation. This suggests the need for completely inde-
pendent fuel supply systems if it is desired to go directly from one fuel to another in testing. Such systems would
meet at a three-wa valve mounted immediately at the inlet to the test section. Consideration should also be given 1o
the use of an intermediate flushing solvent, It appears undesirable to disassemble the cylinder/valve sets each time
fuel is changed, since this can casily lead to damage and is time-consuming. However, some alcrnative, thorough

S Ll T rests g zero-load avdal force was subtracted from each axial force before calculating the coefficients of friction. The same
provedure wos tned m the SWRI tests to ensure comparability of results,
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TABLE 19. INTERLABEORATORY CHECKS USING SAME VALVES IN LUBRICITY SIMULATOR

Flow rate: 3 ml/min
Side load: 5 Ib
Cycle raie: S cycles/min
No. of cycles: 5 (in SwWRI testsj
Temperature: 78 + 3°F (in SwK/ tests)

. Coeificier! of frictiont
Cumulative with indicated valve
Lab Test fluid* cycles on valves Breakaway T Runnin
Series By iab - 5
GE-5 GE-6 GE-5 GE-6
G.E. [sooctane + 600 600 0.150 0.140
oleic acid
GE. Isonctane 50 650 0.150 0.140
SwRi Isooctane + 5 5 C.171 0.143 C.158 0.120
oleic acid 55 55 0.145 0.127 0.142 0.119
110 110 0.154 0.134 G.146 0.122
205 205 0.165 0.137 0.153 0.128
300 300 0.241% 0.164% 0.228% 0.157%
351 351 0.168 0.144 G.153 0.127
400 400 0.164 0.137 0.149 0122
454 454 0.166 0.137 0.150 0.122
500 500 J.167 0.136 0.151 0.122
551 551 0.168 0.139 0.153 0.122
600 | 600 | 0170 | 0140 | 0153 | 008
Mean 0.164 0.137 l 0.151 0.122
Std deviation 0.008 0.004 0.004 0.006
SwRI Isooctane 30 630 0.224 0.213 0.176 0.149
55 655 0.234 0.217 0.189 0.174
70 670 0.233 0.219 0.189 0.1758
100 700 0.247 0.223 J. 199 0172
150 750 0.255 0.231 0.2C. 0.181
175 778 026l 0.233 0.206 (0183
SwRI Isooctane + 11 786 0.164 0.1345 0.134 o122
oleic aad 36 811 0.160 0.1 2] 0.13} 0114
I 6l K36 0.168 0.135 0138 0117
, N
SwRI Lsooctane 10 R36 I 0.2 016w 0175 .. 40 I!
R L ! 0.223 0187 012 N NI
60 b ‘ U237 0100 g us 0165
NIt
*Oleic acid concentration SO mg ter. Matenals suppbicd by G.1
- Breakaway force vorrected by subtracting no-doad breakaway torce.
$1uel supply evhausted dunng recording oyvole . results excluded in saivulating micancand stuand deviations

N —— [ B - . 3
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method of cleaning the apparatus between fuels will be necessary in the development of a practical test
procedure.

Apart from these indications on cleanup procedures, this program has illustrated the desirabiiity of a definite
breuak-in procedure 10 be applied to each cylinder/valve set. We attribute the smoothness of operation of the valves
used in this program and the repeatable and comparable results to the fact that :i:2 vzlves were broken in with a fluid
having (presumably) good lubricity, at the same conditions at which the tests vere run,

These particular two cylinder/valve sets gave reasonably close agreement of results. 1t now remains to establish
whether other sets will give comparable results on the same two fluids,

8. MECHANICAL AND OPERATING PROBLEMS

Severdl problems in the operation and mainten:nce of the lubricity simulator have been mentioned at various
points in this discussion. It should be noted that these problems have taken up a good deal of time in our work with
the simulator, and that some of the problems have not yet been solved. Therefore, we will list here some of the
major problems that have bzen encountered and indicate the status of their solutions.

Of primary importance is the valve-to-valve variation in apparent coefficient of friction. Such differences are
probably inherent in normal manufacturing procedures and cannot be eliminated at a reasonable cost. If these
differences prove to be sufficiently large, the lubricity simulator can function only as a relative rating device. In this
respect, the situation is analogous to that with the Ryder gear machine for synthetic lubricants, where the use of a
reference oil and a relative rating system have become necessary.

During our operation of the simulator, we have observed considerable damage to the valve land surfaces.
Damage to the barrel surfaces is also very probable, but is more difficult to detect visually. Damage of the lands
shows up as scratches on the surfaces and nicks on the edges. We do not feel that minor damage of this sort should
affect friction values to any great extent, excepf that the presence of wear debris in the working valve will probably
cause 1 drag that is not part of the inherent “friction™ of the valve. The hard-coating used in manufacturing these
valves is a proprietary process; evidently, it is not possible to exercise quantitative control on the surface hardness.
The coating is very hard, extremely brittle, and susceptible to mechanical damage either in rough handling during
installation or in operation under unfavorable conditions such as large loads and a poor lubricant. From this point of
view, once the valves are broken in and functioning satisfactorily, it is very desirable to leave them undisturbed.

One of the major operating problems during this program was poor operation of the valves, as evidenced by
audible noise and “chatter™ that could be detected on the XYY’ plots, particularly at low valve speeds. This may be
attributed partly to the valves themselves and partly to the drive system. Chatter and stick-slip phenomena, when-
cver they occurred, were always more severe on the push stroke than on the pull stroke. Chatter can be reduced by
tightening up on the drive system, but it cannot be climinated from a given set of valves once it has appeared. We
believe that the key to avoiding this problem is proper break-in of the valves and restricting the aperations to
relatively low loads. '

End-play in the drive system has caused much concern. The play develops in the ball-joint connectors for the
load rings. As discussed previously, play in the ball joints affects the motion curve of the valves and does introduce
an uncontrollable factor into the start of valve motion. The greater the play in the ball joints, the greater the speed
of force application and valve startup after the slack is taken up: it is logical to believe that such variations will affect
the breakaway force. This is a design deficiency for which we have not found any solution, other than replacing the
ball joints when the play is judged excessive.

Side-play develops in the drive system because of wear of the drive-shaft bushing. The rate and severity of such
wear will depend on the side loads imposed by the drive system ard by the two valves. The drive system is not
standardized and is different in each laboratory. No problems of 1ivi- nature have been reported by Bendix or
General Electric. The excessive wear that we have encountered may retlec! the nature of our particular drive system,
or it may simply reflect the rather large amount of test operation that this rig has undergone. In any case, when the
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drive-shaft bushing became worn, the entire drive-shaft assembly developed a sidewtse wobble so severe as to be
quite apparent to the eye when the rig was operating. The geometrical relationships of the drive-shaft assembly can
be visualized by reference to Figure 8. The drive shaft is centered by means of the bushing and by a centerir.g pin,
mounted on the housing block, which extends into a hole in the end of the drive she.t. The pin/hole arrangement is
grease-lubricated and has not shown excessive wear. In addition to the bushing and centering pin, further control of
drive-shaft motion is exercised by a second pin mounted in the housing block and extending through an oval slot in
the crossarm, This pin-slot arrangement is likewise grease-lubricated and has not shown excessive wear. The pin/slot
pair restricts the drive shaft and crossarm from rotation around its own axis. With this combination of restrictions
(bushing, centering pin, and pin/siot guide), only the bushing and centering pin are restraining the drive shaft from
wobbling either sidewise or up-and-down, Since off-center loads from the drive crank are up-and-down, it would be
thought that wear and play would be in this direction. Actually, the worn bushing permitted mainly sidewise
wobble, probably because of the unbalanced loads from the two valves, The bushing supplied with the simulator
became very badly worn and was replaced with a bushing of the same dimensions, made of oil-impregnated bronze.
This has functioned fairly well, but nevertheless has developed some side play. It would be desirable to redesigr the
drive-shaft restraint system for more positive alignment, possibly by adding 4 yoke and outboard bushing.

With the simulator drive arrangement as it now exists, the two valves do atfect each other’s operation, When
the direction of motion is reversed, one valve will alwzys break away before the other; when it breaks, the force on
the other valve suddenly increases and then decreases as the slack in the first valve is taken up. This behavior can be
seen quite clearly by watching the two pens as they trace force vs. position for the two valves, ii is not clear whether
the breakaway force recorded for the second valve will be affected by the breakaway of the first valve, but it seems
reasonable to expect that some effect would exist. Such interactions are aggravated, of course, by any sidewise play
in the drive shaft, and could be minimized by providing restraints to keep the drive shaft in better alignment.
However, in retrospect, it would have been simpler to have started with a single-valve design, possibly with dead
weight loading.

As mentioned previously, the load spring sup_..- : with the simulator was designed for loads up to 50 Ib, hence
is rather inaccurate at the S-Ib load adopted for most ot the work performed here. A lighter spring has been obtained
and is being used at present. Consideration has aiso heen ;iven to dead-weight loading, but this would be difficult to
accomplish without changing the present configuration.

Some of the cylinder/valve sets that have been used in the simulator show very definite irregularities: i.e., there
will be a “hump” in the force trace at one specific location. In some cases, such an irrcgularity has persisted over
many hundreds of operating cycles; in vther cases, an irregularity will disappear or shift position after a few cycles of
operation. These phenomena may be related to chips of the hard-coating material that are broken loose either in
installation or d::ring operation under severe conditions.

The only clear indications of valve-land wear are found on the innermost edges of the maer two lands, i.e.,
those nearest to the side-load point. No wear can be detected on the other 14 lands. This is evidence that the valve is
bending appreciably under the irfluence of the side load. This is not too surprising, since the diameter of the
aluminurn valve <fem and the inter-land grooves is only about 0.44 inch. Approximate calculations have indicated
that d:fleciions with 1D to 20-b side loads would exceed the valve/cylinder clearances (were the valve not
restramned). These considerations add weight to the arguments in favor of operating at side loads as low as possible
and loading at the center position rather than at an outboard position.

From a practical viewpoint, it is undesirable to reduce the side load to around 2 ib. even though this would
minimize vaive damage and unequal loading of the lands. At such a low applied load, the selt-binding forces are large
in relation to the applied load. For example. with 4 2-1b applied side Joad and a breakaway torce ol 0.4 1b, the
appatent coefficient of friction would be 0.2, However, with essentially no applicd Yoad iwith the spring in place but
tightened vnly enough to position the valves). the breakaway force may typically bz arcund 0.15 th. With the spring
entirely loosened, the breakaway furce will generally be at least this high. This is 387 of the total breakawa load
(0416} gt 2 1b side load -4 mmjor factor affecting the apparent coetficient of fiiction. it would be desitable to apply
some sort of correction. However, it is uarcalistic to subtract a “zero-load”™ value as a correction, since valve
gcometry will change when the load is apphed.




Valve-stemn bending riay also be a partial explanation of why the major portion of the fuel flow goes inward,
toward the center-load point. This question has not been resolved, and further werk is planned.

9. FUTURE WORK

It is planned to madify the fuel supply system to make each of the two fuel supply lines entirely separate and
independent, joining only at the entrance to the simulator. Once this has been done, criteria will be established for
flushing procedures when changing test fuels. Specifically, it will be determined how much flushing and subsequent
running time are needed Lo restore the coefficient of friction to the “‘clean isooctane” level after the system has heen
contaminated with a polar additive. In the event that the requirements for flushing and operating prove to be
excessive, use of an intermediate flushing solvent will be evaluated.

Along with this, it is planned to standardize procedures for valve installation and break in, standardize the
operating schedules in relation to when the traces are recorded, and continue to accumulate data on isooctang to
define repeatability and valve-to-valve reproducibility, both short-term and long-tesm.

As soon as possible, evaluation of presently qualified corrosion inhibitors and other “lubricity™ additives will
he <tarted. The choice of test solvent offers some problems here, since some of the presently gualified corrosion
inhibitors have limited solubility in isooctane, In terms of actual performance in the field, a “real” fuel would be
desirable as a base stock, but the well-known difficulties with maintaining a standard fuel for any test will apply with
even greater force to lubricity work. One possible choice as a reference fluid would be a blead of a highly refined
distillate and an aromatic hydrocarbon, such as the Bayol/toluene blend used as a standard fluid in the water
separometer. In this connection, it will be desirable o investigate the effect of trenting the reference fluids to
remove traces of polar impurities.

It should be noted here that. in relation to the ovesall fuel lubricity problem, the lubricity simulator was
designed to investigaie just one aspect —the effect of fuel characteristics on valve sticking or similar problems. There
is no reason to believe that the simulator will give any information that is of value in predictirg, for example, pump
wear rates. Numerous other test devices have been developed and evaluated for prediction »f wear rates, and there is
now ¢onsiderable interest in use cf these devices to evaluate fuels. In the current program, there are no plans to
broaden the investigation into this area unless critical field problems develop in the near future.




SECTION IV
FUEL CORROSION INHIBITORS

1. BACKGROUND

Corrosion inhibitors used in military fuels are currently covered by Specification MIL-1-25017B, issued in
1962. For some time, it has been desired to issue a revised specification and a new Qualified Products List { QPL), in
view of the many new products that have come on the market, the rather ancient status of some of the original
qualifications, and certain inconsistencies and questions as to test methods usced in MIL-1-25017B. Work in this
direction was hampered by problems with the rusting test that is used to define the “relativ> effective concentra-
tion” (REC), which is in effect the minimum permissible blending concentration.

The Air Force had issued a proposed specification, M1L.-1-25017C draft datec January 1968. This proposed
specification included a rusting test very similar to that specified in MIL-1-25017B, except that the test period of 20
lours in MIL-1-25017B was shortened to § hours in the 1968 proposed MIL-1-25017C. At the time this problem was
assigned to SwRI for investigation, in 1969, it had become evident that there were sericus problems with the
repeatability of the rusting test results, and most of our work to date has been concentrated on developing and
defining a complete test procedure that will give good repeatability. Atong with this, numerous problems and
inconsistercies in other test methods of the specification have been investigated, and new or modified test methods
have been proposed.

As reported pxeviously(z), substitution of distilled water for synthetic sea water in the rusting test did not
solve the problem of poor repeatability. Here we are summarizing the developments and results of the past y2ar and
the status of the investigation and the proposed specification.

2. STATUS OF SPECIFICATION DEVELOPMENT

After completing the investigations and testing that are described in the following sections, a rumber of
specificatiun changes were recommended to the Aero Propulsion Laboratory. Test data were obtained in accordance
with ihe proposed new specification on samples of corrosien inhibitors that had been submitted for qualification
from 1968 through early 1970. These data, along with a draft of the proposed new specification, were furnished to
the respective inhibitor manufacturers for comment.

Meanwhile, it became evident that the long time lapse between submittal of some of the samples and final
testing did introduce ambiguity into the results. Accordingly, the Aero Propulsion Laboratory requested a fresh
sample of each product from the interested manufacturers. The tesi program on these samples was staned in
November 1970 and has been completed since the time f writing this report. These resuits and the recommended
test procedures have been used as the basis for a new specification MIL-1-25017C dated 8 March 1971 and a
corresponding Qualified Products List that have been issued by the Air Force,

3. STATUS OF INDIVIDUAL TEST METHODS
a. Relative Effective Concentration (Rusting Test)

After an extensive investigation, which is described in Section V-4, u rusting test procedure and a
vorresponding method of establishing the relative effective concentration (RECY were chosen and written up m
detail. Tnese are included in the new specification MIL-I-25017C. Briefly. the REC is extablished by testing a given
inhibitor, blended in depolarized isooctane at integral-value concentrations suchias 3.4, 5 6, and 7 Ib 1000 bbE The
lowest voncentratisn giving a passing result is defined as the REC. The test specinien is a standard-size spindle (per
ASTM D 665) but is made ot SAE-1020 hot-rolied steel. The test specimen is finish-ground with 400-grit abrasive
cloth and cleaned with isopropancl before testing, The test blend of infubitor in 1soactane iy prepared by direct
tlending and is used without any prelimingry water washing. The test water is a svnthetic, mediam-hard water. The
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test specimen is immersed for 5 hours at 100°F in a stirred inixture of the test blend and test water. After test, the
specimen is examined without magnification. Only the center section of the specimen is rated, and failure of a given
test is defined as rusting of this section to the extent of six or more rust spots of any size or any rust spot | mm in
diameter or larger. Duplicate tests are run on ach inhibitor at each concentration; in case of disagreement (one pass,
one fail}, two additional tests are run, and both must pass if the inhibitor is to be considered passing at this
concentration.

B B

This rusting test procedure was chosen because of its advantages in repeatability of results in comparison
with the other procedures invesugated.

Test results by this procedure are summarized in Table 20 for inhibitors that had been submitted for
qualification. 1t should be emphasized that these are nor QPL test result< s iatci samples have been submitted on all
inhibitors.

TABLE 20. RUSTING TEST RESULTS BY RECOMMENDED
SPECIFICATION PROCEDURE*

{
f inhibitor Concentration, 1b/1000 bbl
i | 2 3 4 S ) 7 8 9 1011 12 13 14 15
i A IP 4P P
‘ IF 2F
‘ B tP 4P 2P 1P
; 3F
|
: C IP 4P 5P| 1P
3F 2F 2F
D 4 6P 2P IP| IP IP IP |P
3F J3F
3 6P 3F 1P 1P
IF 3F | IF
F 4P 1P
JF J0F
G 4 2P P 1P
2F
H 2 SP 2P IP| IP
A{ T
*Provedure recommended for June 1970 draft of Proposed MIL-C-25017C. Fatries in table indicate number
ol indmidual pasung (P) and tahng (F) tests. Underlined values define the RFC.

1t will be noted that, in all cases, a clear-cut REC could be 2stabhished from these data. For several of the
mhibitors, more tests were run at the REC than the maximum of four required by the specitication
provedure This was Jone 1o make <ure there were no ambiguous cases in which further testing might have
cant doubt on the REC value

h‘




b. Maximum Allowable Concentration

Determination of the maximum allowable concentration (MAC) involves the REC, the ash content of
the inhibitor, and separometer results on blends of the inhibitor. The recommended method of determining MAC as
specified in the new MIL-1-25017C is basically the same as in older specifications, differing only in that some
ambiguities have been eliminated.

Based on the most recent data available on eight inhibitors, the separometer results (WSIM values) were
one of the limiting factors in establishing the MAC for six of the eight inhibitors. These six cases of WSIM limitation
included three that were aiso limited by the *4 X REC” level and one that was also limited by the 20 Ib/1000 bbl
maximura. Thus, in two cases out of eight, the WSIM was the sole limiting factor determining the MAC. Ash content
has ot been a limiting factor in any of the inhibitors tested.

c.  Water Separometer Index Modified (WSIM)

As already indicated, the WSIM enters into the determination of maximum allowable concentration, at
the time of product qualification. Urder the old specifications, :hat was the end of it, since acceptance tests did not
require determination of maximum allowable concentration, hence did not require WSIM values. We do not feel that
this is a desirable situation, since even fairly minor and inadvertent changes in inhibitor composition as it is produced
might change the effects on fuel/water separation quite drastically. Even though the WSIM values are known to
suffer from poor repeatability and doubtful vaiue in prediction of behavior of fuels in the field. they are at least a
safeguard against the use of some completely unsuitable additive or fuel component.

Based on this reasoning. we have recommended that acceptaiice tests for corrosion inhibitor lots should
include WSIM tests at the maximum allowable concentration. This will apply to Government procurements only,
since commercial purchase; of MIL-I-25017 inhibitor are not subject to acceptance tests. It is recognized that
inclusion of a WSIM requirement in lot acceptance tests may cause difficulty. For six inhibitors that have been
tested. the WSIM was a limiting factor in establishing the maximum allowable concentration: hence, test-ic test
variations could result in a failing WSIM test in lot acceptance, even though the inhibitor lot were absolutely identical
with the qualification sample.

In using the WSIM values to establish the maximum allowable concentration, three tests have been run at
each concentration, and the results averaged. In accordance with the recommended specification, the inhibitors were
tested for WSIM at 2 1b/1000 bbl concentration increments from o 1b/1000 bbl upward, the range of present interest
in establishing maxinum allowable concentration,

Whether or not the 70-WSIM limit is feasible in lot acceptance tests can be determined only after
procurements have been made on this basis.

d.  Ash Content

The ash methods used, recommended. and specified for corrosion inhibitors have gone through a number
of chages. The basic difficuity occurs with phosphorus-containing inhibitors, which cannot be ashed completely or
reproducibly in Vycor or porcelain dishes. Such additives can be ashed accurately in platinum dishes but tend to
etch o embrittle the dishes. Dilution of the inhibitor with an ashless whiic oil or refined distillate has been suggested
as a means of minimizing attack on platinum.

Since the inhibitors under consiceratior do include a number with high phosphotus contents. we
encountered several instances of very poor repeatab’lity when using the Vycor dishes specified in the 196K draft ot
the revised specification. It was found necessiry to specity platinum dishes to obtain saiisfactory repeatebility . Our
eapenence has not shown any really severe pre blems .n corrosion of the platinum dishes.
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tang plattnum dishes, all of the inhibitors that have been tested gave ash contents of 0.017% or less. For
these fow-ash matertals the recommended limit for lot acceptance tests is 0.04% maximum, to aliow for normal
scatter of results plus manutacturing tolerance.

@ Identification Tests

In previous specitications. physical and chemical property ranges were left entirely to the supplier, so far
as van be determined. This resulted in a rather jumbled situation, in which each product listed on the QPL carried its
owh set of tests and property timits, hardly any two of which were comparable. Some of the property ranges cited
hy manutacturees and Iisted on the QPL were so wide as to be of no value whatever for either identification or
quality controb Also. test methods were widely divergent and in many cases unspecified.

In an ettort to alleviate this situation, we have spelded out certain recommended properties ard corre-
sponding test methods for use in lot acceptance and for identification. Actual ranges of properties will be established
at the time ot qualtfication by agreement between the marufacturer and the Air Force. Tentative limits have been
dratted tor each product and transmitted to the respective manufacturers for comment These limits are based
uniformly on the tollowing criteria:

Specitic gravity +0.010

Viscosity , ¢s/ 100 £ 209

Flash point +15°F

pH 1.0

Neut no. +5% with additional aliowance

for ASTM renroducibility timits

bach range selected will necessarily include the value actually cbtained on the qualification sample.
However, the gualitication value will not necessarily be the midpoint of the range selected. since manufacturing
expertence will dictate the most practical limits.

4. STEPS IN DEVELOPMENT OF RUSTING TEST

Development ot the rusting test into the presently recommended form went through five more-or-less distinct
stepsand resulted m tive distinet test procedures. these we have identified, with no great originality . as Methods I, 11,
IV and Vo They are all S-hour tests. differing in preliminary water extraction of test blend. specimen finish.
specimen cleanup method, and composition of the test water, The test procedures and the results obtained with each
are summarntzed in Table 21

Herhod 1oused i the imual work by SwRIL is essentially the same as the 1968 method except that the test
water has been changed trom sea water to distilled water. The results shown in Table 21 for Method | are a summary
ot thase reported prestousy' "', with some updating. As noted a year ago in the referenced report. there was often
no sharp tansiion from: passing tests to faling tests as the concentration of a given inhib tor was decreased, and
detintien ot the REC was turther confounded by accasional “passes™ at concentrations far bzlow the nomir al REC.

Method 1 was denved trom Method 1 by elimmnating the pretest extraction step. in which the inhib tor/iso-
eotane test blend o washed with distilled water. separated. and then used in the rusting test. Such an ex:raction
procedute has been w part of the MILA-23017 procedure tor a number of years. 1t serves a vahd purpose. to prevent
the qualiication ot materabs that oo sreferentally watersoluble Nevertheless. as shown by Later results, tni. water
ExTLchion step can actualy amprove some infubitors 1o oan extent that probably would nol be realized n actual
werviee Thus this questeen of the need and desirability of o prehminary water extraction s Guite complex and
St he resohved by Liboratory work alone

Forthe purposes of this program, the primary. sim has been improvement ot test repeatability - The water
Vet st asan added openation that s ot well detined in existing test procedures and can ntoduce
Sl bt depletion mnoany cae Ingeneral one would expect 1o improve the test repeatabiliy by
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TABLE 21. COMPARISON OF RUSTING TEST PROCEDURES

Method modification: I 1l i v \'
Blending method: Conc Conc Con¢ Direct Direct
Biend water-extracted: Yes No Yes No Mo
Specimen finish (grit): 240 240 400 400 400
Wiped with isopropanol: No No No Yes Yes
Test water used: Distilled | Distilled | Distilled | Distilled | Type B*
REC, Ib/1000 bbl:
Inhibitor A 4.5 <2.5% >8 41 4

B 30 20 >10 3

C 4.5 6.5 4+ 5

D 18.-20 &8-10 10-12% 5 3

E >20 201 2071 Ii

F 35 50 5+ 4

G 2.5 40 21 2

H 30 2.0f 1.5 >9 3
*Type B synthetic, medium-hard water is distilled water with the following added salts:
NaHCOj3, 164 mgfliter; CaCly - 2H90, 132 mg/liter; Mg5C4 - THyU, 82 my/liter.
+Tentative; based on only one or two tests.
tFor 2507 passes; other inhibitor REC's by Method II1 are based on >707% passes.

eliminating the water extraction step. However, this change by itself (from Method I to Method 1) did not improve
the situaiion for the one inhibitor that was investigated thoroughly: there was still a marked scatter of pass-fail
results on Inhibitor D, and it was still impossible to assign an unambiguous REC to this inhibitor.

Method [11 differs from Method I only in the specimen finish, which is 400-grit instead of the normal 240-grit.
Here again, repeatability for Inhibitor D was not imptoved by this change, and poor repeatability was encountered
for other innibitors as well. If anything, Method I1i appeared to be the least precise of the three procedures.

Although neither the finer polish nor elimination of the water extraction did any visible good, the presump-
tion still exists that these changes are in the right direction. The finer surface seems to be easier to reproduce. is far
easier to clean properiy before tests, and is far easier to rate after test. The water extraction step, apart from its
broader merits or demerits, is a source of manipulative error, so that one should expect it to have an adverse effeci
on tes) r¢peatability.

Further steps were taken toward eliminating manipulative errors by direct-blending the test solutions rather
than using mntermediaile concentrates or stock solutions. This shouid eliminate any uncertainty in final test-bler {
concentrations caused by partial additive insolubility or by surface adsorption losses of inhibitor in the transfer and
blending steps. With the direct-injection blending method, the blend is prepared by adding isooctane ind the
inhibitor to the test beaker itself.

Finally, a specimen cleanup was introduced atter the final polishing operation. This cleanup consists of rinsing
with isopropanol and wiping dry. Specimen cleanup is discussed further in Section V-5,

Method IV, then, incorporated all of the changes considered desirable: Inhibitors were direct blended. water
extraction was elimina’ :d. and specimens were fine-polished and cleaned. The repeatability ot this method was neve:

really estab:hshed, since two inhibitor (B and H) very unexpectedly failed to pratect at concenirations of © 1o
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10 1b/1000 bbl or even higher. These two inhibitors had been consistently among the better performers in all earlier
test work, and at least one of them has been used in pipeline protection for some time.

It was found that the failures on Inhibitor H were specific to the use of distilled water in the rusting test
(Inhibitor B was not investigated fully). Under these same general test conditions, Inhibitor H was found io perform
very satisfactorily with synthetic sea water (regular or diluted), with blends of water and fuel system icing inhibitor,
or with a synthetic, medium-hard water originally defined for use in filter-separator testing.“” Further, the
performance of {nhibitor H with distilled water as the test water could be brought back to its “normal’ level by
preliminary water extraction of the test blend. All of these facts pointed to the presence of some corrosive,
water-soluble constituent in this inhibitor, conceivably one that had developed in the sample of inhibitor during the
two years it had been on hand. The presence of a water-soluble acidic constituent was confirmed by extracting
concentrates of the inhibitor, yielding extracts with pH in the neighborhood of 5.

It was concluded tentatively that the lack of any buffering capacity when using distilled water as the test water
was responsible for the failures of these two inhibitors. Assuming that these samples contained traces of inorganic
acid, the use of distilled water could give a test medium of a type that would not be encountered in normal service.
Even when the water present in service is condensate derived either from the atmosphere or from fuel-dissolved
water. it will be contaminated by contact with metal surfaces, rust, and the fuel itself, and will be far from “pure™ in
comparison with laboratory-grade distilled water. Although no one test water can be chosen as the most “realistic”
in terms of widely divergent service conditions, distilled water is probably near the bottom of the list.

Method V. which uses synthetic, medium-hard water, is the method finally recommended for specification use.
In determining REC's by Method V for all eight inhibitors in this program, no anomalies or reversals were noted. The
repeatability of the test results can be judged by referring to Table 20. Clear-cut REC values were established for all
inhibitors with a minimum number of tests. Extra tests were run in most cases to try to find reversals, but none were
found. .-

In comparing the results obtained by the different test metheds, it will be noted that the changes in test
procedure, although tlicy might appear relatively minor, often gave drastic reversals in the order of ranking the
inhihitors, For example, compare Inhibitors B and D in Methods [ and IV:

B D
REC, Method | 3.0 18-20
REC, Method 1V >10 5

1t happened that both of these inhibitors have seen considerabie pipeline service. Test failures at con-
centrtions above 10 1h/1000 bb! are difficult to reconcile with reported performance. In the case of Inhibitor B, as
previously noted, this poor performance was specific for tests with distilled water, without preliminary water
extraction of the test blend. No such specific condition could be ascribed to the poor results on Inhibitor D by
Method 1.

In the absence of any 1eliable and comprehensive tield data, it is not really possible to say that the lineup of
inhibitors by one test method is any more “correct’ than it is by another. The final choice of method was made
mainly on the basis of repeatability. '

In view of the many reversals of inhibitor rankings. one can argue that no one test method can give any valid
cortelation with field performance in general. This is almost a truism, but it is not easy to work out a practical series
of tests that would cover even the most important variations in field conditions. For example, such a series of tests
would surely have to mchude test waters varying in pH, chloride content, and possibly contents of other ions and of
fuel sy stem engg inhibitor, as well as tests with and without a preliminary water extraction. Other variations would
won hrne the test sequence bevond the bounds of reason for routine use. Nevertheless, it should be kept in mind
that e of asinele test does lave detinite limitations,

(3143



5. INVESTIGATION OF SPECIFIC TEST PARAMETERS
a. Blending of Test Selutions

Direct injection of the additive to the final test blend, using micropipets, was adopted to eliminate the
variable of insolubility in concernirated stock solutions and possible adsorption of the inhibitor on glass surfaces in
ine blending and transfer steps. Partial insolubility in isooctane is a definite problem with some inhibitors, In
wetrospect, we reel that the direct injection is unduly time-consuming and possibly unnecessary; however, it has been
retained in the final test version, since extensive testing would be required to prove it unnecessary.

We do feei that any future rusting test method should incorporate z base solvent more closely approxi-
mating the sclvenit properties of jet fuels thar does isooctane. Bayol-toluene blends would be one possibility.

b Iscoctane Derolarization

One aspect of the test wiich has received only cursory examination by us is the isooctane depolarization
procedure. We ran one set of tests without depolaiizing the isooctane. No significant difference in results was noted
between this test and those run using depolarized isooctane.

The real need or lack of need for depolasization could be proven only by testing a lurge number of
different batches of isooctane, some of which could conceivably contain interfering impurities. In any case. inclusion
of the depolarization step in future testing is dependent on the solvent chosen for future work and the purity
obtzinable.

If depolarization of the solvent seems wise, the present depolarization procedure needs to be more
closely controlled to be more effective. As presently specified, the procedure probably removes cnly water and the
other very polar impurities from the isooctane. Presently the silica gel is used as received. The activity of column
chromatographic adsorbents such as silica gel is very much dependent on moisture content. Adsorbents for column
chromatography are usually activated at a high temperature and stored either at an elevated temperature or tightly
stoppered to prevent moisture pickup. Also, impurity levels in the silica gel and its mesh size can materially affect its
separating properties. Thus, closer attention to these factors is desirable in specifying the depolarization procedurc.
It would also be desirable to use a more efficient apparatus for the depolarization, e.g.. a column rather than the
separatory funnel that is used at present.

c. Apparatus Modifications

During the course of this program, several small changes were made in the actual rusting test apparatus
specificd in ASTM D 665, and additional improvements could be made.

The beaker cover diagram given in D 665 shows a groove having one tapered side. In our work, we found
that the dimensions of some beakers varied so that the cover did ot lie flat. Since the specimen haider is s. pported
by the cover, the cover being askew also causes the specimen to tilt rather than being perfectly vertical. We,
theretore, had the cover groove slightly enlarged and machined with straight edges so that the covers would fit
evenly on all beakers.

The ASTM procedure also calls for placing a thermometer in each beaker and allowing it to stay there
during the entire test. We placed a thermcmeter in the last beaker only, and that thermometer was lett in place only
antil the test solution had reached the temperature of the oil bath surrounding the beakers. The thermometer was
always removed before stirring was begun, and only the bath temperature was monitored durirg the entire test
Leaving a thermiometer in each beaker throughout the test (as in the standard. ASTM procedure) worle cauw
different dispersion pattern and solution movement in three of the beakers as compared to the other thier. The
cover contiguration has the thermoraeter hole 907 clockwise from the specimen hole. Smce the apparatus is destaned
so that the sarrers in the alternate poations are belt driven in oppusite directions. the thermometer would be
expected 1o cause a ditferent tiow pattern, probably with less wate, droplets impiaging on the specinen, in those
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positions where the stirrer rotation is counterclockwise. In our later testing, no thermometers were in place after the
specimen was inserted in the test blend: a cork was placed in the thermometer hole of each cover during the test.

If the same type of apparatus is to be employed in future rust test development, additional modifica-
tions would be warranted. Among these are: (1) inclusion of a stitrer in the oil bath to prevent temperature
gradients, (2) replacement of the present stirrer chuck assemblies (preferably by better-designed units) to limit stirrer
wobble and expedite more exact stirrer placement, (3) better control of beaker dimensions, Standard beakers vary
widely in curvature of the bottom, which affects the paddle position in relation to the water-isooctane interface and
hence could affect the water dispersion pattern. We do know from certain experimental results that specimen
geometry and placement are very critical factors; it seems equally reasonable that beaker geometry and ctirrer
placement are equally critical. In any beaker-surrer test of this type, it would appear advisable to use a container
having closely controlled dimensions—something that is not feasible with stock-item glass beakers.

d. Soecimen Cleanup

Ou- experience with the rusting test leads us to believe that one of the most important factors in
obtaining reproducible results with any of the method variations is the specimen cleanup before test. In all of our
early test work, we had followed the Air Force procedure (MIL-1-25017C draft, January 1968) in which the
specimen is merely wiped with a dry paper towel after the final polishing.* In some cases, rusted test specimens,
when examined urider a microscope, showed rust spots that had originated around clumps of particulate matter. This
indicated that incomplete removal of “dusts™ could well be r2sponsible fcr erratic test results,

Various specimen cleanup techniques were tried at various times throughout the testing period. One of
these was vapor degreasing over toluene, followed by immersion in boiling methanol, and again vapor degreasing over
toluene. No positive improvement in results was noted. Other solvents, including Stoddard solvent, isooctane, and
methanol were tried both as rinses and as swabs. To facilitate handling the specimens in these procedures, the
methacrylate specimen holders were replaced by poly(tetrafluoroethylene), which is much more resistant to heat
and solvents. The PTFE holder is allowed but not required in ASTM D 665-60.

The oniv cleanup which was found to be consistently effective was rinsing the specimen with iso-
propanol, then thoroughly wiping it with a dry paper tissue. It has been suggested that the polishing step may induce
some magnetism in the specimen: this would cause metallic particles to be difficult to dislodge from the specimen
surface. This may explain why the present cleanup, using firm pressure during the paper tissue wipe of the specimen,
is more effective than vapor degreasing. In this respect, it would be interesting to try demagnetizirg the specimens
after polish to see if this would aid the cleanup.

The iscpropanol seems more effective than less polar solvents such as toluene in the cleanup, but we
cannot offer any sound explanation for this. It may be speculated that the isopropanol is more of a “‘general-
purpose” solvent in that it will aid in removing traces of resinous materials left by the abrasive cloth, s well as any
minute amounts of perspiration residues that may get onto the specimen despite the extreme precautions that are
taken,

The use of isopropanol for the specimen cleanup was startec at the same time high relative humidities
were encountered in the laboratory (Spring, 1970), and a number of unexpected test failures were observed. It
appears that the isopropanol rinse does aggravate such troubles. This should be expected with any volatile solvent
and particularly with one tha is velatile and water-miscible, since the chances for water condensation on the
specimen are increased with this type of solvent. When the steel specimen is in the ‘“‘clean™ state, even very brief
contact with water or water-solvent mixture will cause rust initiation, Evidently, some heating of the specimen or
solvent is necessary. A practical procedure was worked out, in which the specimen is heated before rinsing and the
cleanup is carried out under a heat lamp.

CASTM D 6AS-60 specifies light wiping with cloth or tissue, or brushing with a camel-halr brush, In older versions of the test, simply
rapping the specimen on a haed surface was considered adequate, and this technique apparently is being retained as an acceptable
Aierngte i the current NACE version of the test. .
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e.  Specimen Finishing

The very fine finish (400 grit) that has been recommended does offer advantages in ease of .ating after
test. Probably more important, the smoother surface is much easier to clean up before ¢2st and to tell when it is
clean. This is true whether the specimen is dry-wiped, rapped, solvent-wiped, or vapor-degreased.

A much coarser specimen finish (100 grit) is used in the test currently recommended by a NACE
committee for fuels and fuel-soluble corrosion inhibitors.

The 400-grit finish recommended for the MIL-1-25017 test was introduced along with a number of other
changes, and there is no definite proof that the finer finish per s2 does improve the repeatability of results

6. FUTURE PROGRAMS

a. Storage Stability of Inhibitors

Stability of corrosion inhibitors in prolonged storage has been of some concern to the Air Force. since
drummed inhibitor may be purchased for use in Air Force pipelines in quantities for a year or more of operation.
hence, the total storage period of the inhibitor, from manufacture to use, may be as much as several years. Existing
corrosion inhibitor specifications do not have any storage stabiity requirement or method of evaluation.

In the test program described here, most of the inhibitors were received in 1968 and 1969, and testing
was not completed until 1970. Meanwhile, the inhibitors had been stored at room temperature. Visibly, some of
them had changed by settling out of solid material, sometimes very difficult to redisperse. Other possible changes
during storage are loss of solvent and chemical changes such as oxidation and hydrelysis. One example of possible
change in storage was shown by Inhibitor H. As discussed previously, eliminating the water extraction step when
going from Method 11t to Method IV had a very harmful effect on this inhibitor’s perform~nce. Some five months
earlier, eliminating the water extraction step when going from Method I to Method I had #or harmed this material's
performance. Traces of a fairly acidic material were found in the aged sample of ink.ibitor, and it can be theorized
that the product had deteriorzi=d in storage. This theory is supported by chemical analyses, the results of which
cannot be reported here becaus: .f proprietary considerations.

In view of possible deterioration of ‘nhibitor samples, fresh samples have been obtained by the Air Force
tor qualification testing.

It is planned to check the stability of each corrosion inhibitor by a storage test in wiich samples will be
aeld under outdoor-ambient conditions for 6-- 12 mouths, then checked for REC level and other physical and
chemical properties.

b.  Effects ot Corrosinn inhibitors on Fuel Thermal Stability

'n the existing corrosion inhibitor specification, there is no evaluation of etfects on fuel tiermal
stability. This is controlled indirectl by the therma! stability requirement in the specification tor JP-4 fuel.
Any coirosion inhibitor that was extremely bad in this respect would not find much of a market for use in
JP4 fuel. Generally one will exnect the qualified corrosion inhibitors to improve the filter-plugging behavior
of tuels if there is any effect at all. Corrusion inhibitors may have adverse ctfects on preheater deposits
the thermal stability test, but this effect goes not often show up at the re:atively mild test conditions used testing
P-4

In view of the numerous new products offered as corrosion inhibitors, it appears desirable to obtam
least minimum infosmation on therma! stability =ffect. [t 1s planned to test each corrosion mhibitor 1t the maxamum
allowable concentration in some selected JP4 fusl, probably at the normal specification test conditions of
300°400°F . tdeaily. one would select a JP-4 fuel kaving a nreheater breakpoint around 3257F 5o as to give a more

69




critical test of the additive’s effect. It is .ot often easy to locate such a fuel when it is wanted. Actually, if a more
elaborate evaluation of effects on thermal stability were wanted, it would be necessary to use base fuels having
greater stability and lower volatility than JP-4,

c. Improvement of Rusting Test

Unless a completely new rusting test is developed, certain improvements are needed in the present test,
One of the primary nceds is for a better method of rating the test specimens; this is one of the weakest points of the
present test method. Lighting conditions and the visual acuity of the observer are critical. Closer standardization of
the lighting conditions will be relatively simple, and it is planned io develop some recommendations along this line.
Standardization of the observer is much more difficult. It may be more feasible to consider microscopic scanning of
the specimens (at relatively low power) to identify corrosion spots, pits, and stains, and to develop rating criteria on
this basis. Some work along this line is planned, on a low-priority basis.

The present system of pass-fail ratings does not give maximum information on inhibitor performance,
although it may be adequate for specification purposes. A graded rating system for t-st spindles has been developed
by NACE Committee T-3P, as follows:

Rating Test surface rusted
A None
B++ Less than 0.1% (equivalent to 2 or 3 spots,

not larger than 1 mm diameter)

B+ Less than 5%
B 5-25%

C 25-50%

D 50-75%

E 75-100%

In MIL-1-25017 testing. some sort of rust severity rating would be useful in establishing REC’s in case of
doubt. Such a rating would also be useful in studying the effects of test conditions on severity level and repeatability
of ratings, as well as in product development. Some work is planned in develcping a rust-severity rating that will
distinguish between the borderline “failures™ often observed and the clear cases of rusting, in other words, a rating
scale with several gradations at the trace-rust level. Again, this is not any easy problem, no visuai-rating system is
possible without subjective interpretation.

Perhaps 1 better line of approach will be an adjustment of test conditions such that rusting will become
more apparent. Many of the steps that have been taken in the prior development in the interest of repeatability have
tended to make the rusting less severe. Quite possibly a return to a more carrosive test medium would simplify the
rating problems and might be accompiistied without doing violence to the precision of results.

d. Investigation of New Types of Functional Tests

In view of the wide use and acceptance of the spindle test for corrosion inhibitors, there is little pressure
to mvestigate completely new functional tests, Such tests might be different types of rusting tests, or they might be
denived trom measurements of electrochemical behavior. An example of the latter is the techniques developed by
Neatort 1), weasuring polarization currents to determine protection.

Investigation of any new technique is hampered by the lack of any readily available, reliable field data
ot comparative pertormance of ditferent corrosion inhibitors. The lack of such data reflects partly the virtual
suposablity of obtaiing accurate, side-by-side comparisons in large-scale operating situations and partly the restric-
tens imposed by proonietary considerations. Nevertheless, some attempt will be raade to accumulate and evatuate
stich data s may be made avalable.
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No large-scale efforts of any kind are planned in the area of performance tests for corrosion inhibitors. It
should be kept in mind that across-the-board, mandatory use of corrosion inhibitors in Air Force jet fuel is currently
justified by lubricity problems rather than any widespread rusting problems. If it were not for the fuel lubricity
problems, the use of corrosion inhibitors could be restricted to fuels movir.g by pipeline. Since the emphasis is on

lubricity in the current program, any studies of functional tests for corrosion prevention will necessarily be quite
limited.

71

LAl




SECTION V
FUEL AND LUBRICANT ANALYSIS AND TESTING

1. GENERAL

In the area of fuel and lubrican. analysis and testing, major efforts have been devoted to continuing improve-
ments in the gas chromatographic analysis of lubricants and to a variety of short-term projects evaluating the effects
of fuel additives and methods of fuel analysis and inspection. analytical support services have been provided for
other activities within the contractual effort and in-house aciivities of the Propulsion Laboratory. Only the
analytical and developmental work of independent interest is reported here.

2.  LUBRICANT ANALYSIS

The standardized operating parameters for gas chromatographic *‘fingerprinting” uf synthetic lubricants were
reported in last year’s Technical Report. 2

The use of OV-17 as the liquid phase for ‘“‘fingerprinting” has been continued; among those liquid phases
having the highest temperature capabilities, the OV-17 produces the best overall resolution of components among a
variety of synthetic lubricants. Our files contain many chromatograms of 1umerous types of oils that were obtained
using this liquid phase. This experience and background are of great help in identification work. The higher
temperature capatility of certain newly marketed liquid phases (discussed later in this section) may be of consider-
able value in future work, but we have not yet used such liquid phases to any great extent for ordinary identification
work.

Various used lubricants, both frcm operating aircraft and from engine tests, have been chromatographed. The
used oils from operating aircraft have been examined primarily to estimate the relative proportions of the five types
of MIL-L-7808G oils presently qualified. A typical chromatogram of such an unknown oil mixture is shown in
Figure 13. Estimates of the mixture composition have been based on comparison of the peak heights of individual
late-eluting components of each of the two or more lubricants in the mixture. By relating these to known mixtures
of similar composition, Figure 14, we believe that estimates of the mixtures’ composition accurate to +10%
(absolute) can be achieved. More exact quantification of such mixtures in used lubricants would be difficult; the
more volatile components of each type of lubricant are depleted in service, as illustrated by comparison of
Figures |3 and 14, whereas the standard mixtures used for comparison are necessarily unused lubrican:s. This
ditference introduces an initial error of varying magnitude. The present accuracy has been acceptable for solving
most tield wdentification problems,

Development work in the area of lubricant analysis has been concentiated primarily in the areas of achieving
better resoiution and investigating new coiumn materials.

Dusooctyl adipate (DIOA) is listed by Gundersen! !5 a5 being one component ¢f synthetic lubricants and is
used in MIL-L-7808 type oils. Technical grade samples of DIQA chromatographed using our standardized
operating  parameters with OV-17 columns produced a broad multicomponent peak having five partially
resolvad  components, as  illustrated in Figure 15, This was compared with a sample of pure DIOA*
obtained from Applied Science Laboratories, Inc. This “pure DIOA™ gives only one sharp peak under the
same condittons, as shown o Figure Lo, This rules out the possibility that degradation of the technical
DIOA dunng chromatography was responsible for the multicomoonent peak.

several bquid  phases were tested to determine whether better resolution of the components of the
techmeal DIOA could be acateved. It was found that Apiezor L gave the best resolution of the liquid

Tha partcubar material had been chiained severel years ago for use as a hquid phase in chromatogiaphy. i hie structure of the
proaapal oster i ths sgmpke has not been dentitied. The term “diisooctyl adipate™ s someti~ws applied loosely to the 2-ethylhexyt
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phases tested. Other liquid phases giving better resolution than OV-17 for columns of comparable length were OV.225,
Versamid 900, and JXR. Poorer resolution was given by OV-210, DC-560, SP-400, SE-30, and OV-|.

Better resolution only served to indicate the true complexity of the technical DIOA. The best resolution
(Figure 17) indicated that at least eight components were present. Gunderson' ') states that the common process
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for producing a typical isooctyl alcohol results in
the following isomer distribution: (a) 20%
3 ,4-dimethyl-1-hexanol, (b)30% 3.5-dimethyl-
1-hexanol, (¢) 30% 4,5-dimethyl-1-hexanol,
(d) 15% 3-methyl-1.heptanol and S-methyl-1-
heptanol, and (¢) 5% unidentified. Esterification
of the five identified isomeric alcohols with adipic
acid could lead to 15 isomers of diiscoctyl udipate,
using all possible binary combinations in the
diester molecule. The unidentified 5% (e) may well
contain additional isomers of isooctyl alcohol,
leading to still more isomeric diesters.

Work was suspended on attempting further
resotution of the individual isomers using packed
columns. Complete separation of all isomers of
diisooctyl adipate would require a considerable
expansion of our present capabilities, and there
appears to be little practical value in attempting
the complete separation, so far as the present goals
are concerned.

Aside from the investigation just described,
new liquid phases have been evaluated as they
became commercially available,

The first of these new liquid phases to be
investigated during the past year was SP-400. It
has temperature capabilities equivalent to those of
OV-17; values of 300°C are conservatively listed,
but it has reportedly been used up to 375°C. Since
the SP-400 is more polar, it has superior resolution
tor certain synthetic lubricant components.
Although it offers no clear advantage over QV-17
tor routine identification work, it furnishes the
capability of changing the relative elution orde: of
vartous components to supplement OV-17 for
complex separations.

A new hquid phase. Dexsil 300 GC. was
introduced in July 1970 by Analabs. Inc. This
liquid phase. a polycarboranesiloxane, is reported
to be stable 10 SOO'C. in preliminary investiga-
tions of this material, we have prepared packed
columns that indicate 1t may well be as satistac-
tory as OV-17 tor chromatographing MIL-L- 7808
type synthetic lubricants. A support-costed open
tubular  (3COT) column  utilizing  the  Dexsil
00 GC has been ordered. this should offer




resolution superior to that of packed columns and still offer the capability of operating above 300°C, where OV-17
is rapidly bled off SCOT columns,

We have used the packed Dexsil 300 GC column to separate 3- to 6-ring polypheny! ether:, as shown in
Figure 18, Until this high-temperature liquid phase became available, gas chromatography of polyphenyi ethers was
generally considered to be unfruitful.

3. ANALYSIS FOR CONTENT OF FUEL SYSTEM ICING INHIBITOR (FSII)
a. General

Various techniques have been applied in determining FSII contents of jet fuels, all based on water-
extracting the FSII from the fuel and then determining the FSH content of the extract. Four such test methods have
been examined critically for application to JP-4 fuel:

Freeze point method of the California Qil Company( 16)

Seiscor differential refractometer method, FS-791b Method 5340.1, with SWRI modifications! 17

Colorimetric method with ceric ammonium nitrate, developed by the National Research Council of
Canada(18)

lodometric titration, FS-791b Method 5327.3

Standard fuel/FSII blends were prepared for this study. Since the currently used FSII does not contain
any glycerol, straight 2-methoxyethanol (ACS reagent grade) was used for this work. Biends containing 0.02 to
0.20% by volume of 2-methoxyethanol (FSII) were prepared, using .1 nonadditive JP-4 as the base stock. This JP-4,
although reported to have no additives, gave appreciable blank val.ies in each of the tour methods* 0.017% FSH by
iodometric titration, 0.006% by the colorimetric and freeze point methods, and 0.005% by the refractometer
method. We suspect that these values were cavsed not by actual FSII in the base fuel, but by interfering water-
soluble components of the fuel. It would have been possible to water-extract the base fuel betore use to eliminate
these interferences, but it was felt that the use of a “real” JP-4 would give a more realistic indication of the
performance of the test methods.

b. Freeze Point Method

In this procedure, an 800-ml fuel sample is extracted with 10 ml of water_ and the freezing point of the
extract is determined. The FSII content of the fuel is read from a calibration curve. The thermometer used in our
freezing point determinations was an ASTM 63F type, range 18-88°F, 0.2°F graduations, 0.2°F maximum scale
error. The particular thermometer that was used was found to read 32.2°F when used to determine the freezing
point of pure water by the same method used for the extracts. This erzor was not taken into account in subsequent
work, since here we were concernied mainly with scatter of results rather than absolute values. I maximum aceuracy
were desired. the thermometer error would have to be established over the entire range of interest and applied as a
correction. A thermometer error of 0.2°F corresponds to an error in absolute FSII content of about 0.017%.

A series of dererminations was pertormed on the standard fuel/FSII blends to establish a calibration
curve, which is stown in Figure 19. This is a straight line. fitted graphically. This calibration curve is in surprisingly
good agreement witi1 that given in the original article describing the test method ! 1) Daviations between the two
curves are not greater than 0.01%, as illustrated by the following FSII contents read from the end-portions of the
two curves:

“¢ FSH from curve

FP. °F Original SwRlI
Jo8 018 0.177
) 0.18 0.171
270 0.17 0.168
27.1 017 0.164
272 0.17 0.10]
297 0.08 0.077
298 008 0.074
299 0.08 0.070
00 0.07 (0.066
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FIGURE 19. FREEZE POINT CALIBRATION CURVES FOR FSII CONTENT

This agreement is extremely good when it is considered that the original curves were established with a
different ftuel, with an FSII composition containing 2% glycerol, and with a thermometer that may have had
different error characteristics than the one used here. The close match of the two curves may be fortuitous.

Deviations of the individual points frcm the calibration curve are on the order of 0.008% or less in the
middle portion of the curve betveen 0.06 and 0.14% FSII. Individual deviations up to about 0.015% are observed in
the end portions of the curve. These deviations give a rough qualitative measure of repeatability.

Because of the limited amount of water used for extraction in the freeze point method, any calibration
curve rnust be based on water extracts from known fuel/FSII samples, rather than on direct water/FSIH mixtures. A
curve vased on water/FSI mixtures is shown in Figure 19 for comparison. The use of such a curve, without zay
correction for incomplete extiaction of FSII from the test samples, would give FSII concentrations approximately
7547 of the true values. This apparent extraction efficiency of 75% is close io the theoretical extraction efficiencies,
which are 71.4 to 73.6¢ (depending on original FSII concentration) for a phase distribution coefficient of 200/1.

c Seiscor Differential Refractometer Method

As defined in FS-791b Method 5340.1, this method consists of extracting 800 m!l o/ fuel with 50 ml of
water and measuring the difference in refractive indices of the extract and of pure water, read directly on the dial of
the difterential refractometer. A calibration curve is required to relate fuel FSII content to dial reading. As the test
procedure is writien, FSII/water mixtures are used to establish the calibration curve, and no allowance is raade for
tncomplete extraction of FSU from test samples. As we had demonstrated in previous work(!7! | this gives resules
that are 8127 below the true FSI contents. The test method mudifications that were developed in the
previous work were used here. The principal modification is the use of fuel/FSH bleuds (extracted) to
establish ine calibration curve.

Cahbranon-curve data obtained with known tuel/FSil blends are shown in Figure 20. The scatter
was preaier than expected, and a second series of samples was run, again showing considerable scatter but
no andirechional trend as compared 1o the first set. Both sets of results were used to plot a straight-line
vahbranion curve Maximum deviations were on the order of 0.012'%, and some of these were in the middle portion
ot the calibranion curve, i ¢, in the normal range of use concentrations.
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FIGURE 20. REFRACTOMETER CALIBRATION CURVE FOR FS1I CONTENT

It should be mentioned that these data were obtained by an operator without previous experience in this
test metnod. Thus, these results are comparable in this respect to the results obtained by the freeze point and
colorimetric method, which had not been performed before by any of the laboratory personnel. it is probable that
the scatter of results can be reduced in any of these test methods as experience .« gained.

d. Colarimetric Method

In this test procedure, 100 ml of fuel is extracted twice with 10-ml portions of water. A 15-ml portion
of the combined extract is mixed with 15 ml of hexanitrato ammonium cerate (ceric ammonium nitrate) color
reagent solution. A portion of the mixture is filtered into a spertrophotometer cell, and the absorbance at 550 myu is
measured immediately .

The calibration curve obtained in this manner is shown in Figure 21. An excellent straight-line fit was
obtained, with deviations no greater than 0.004% throughout. However, repeat tests a day later on the same
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fuel/FSI1 blends gave appreciably greater absorbances, as indicated in Figure 21. One of these results deviates irom
the original calibration line by 00137 FSIL. The reason for the greater absorbances in the repeat tests is not known.

In al! of these tests, absorbance of the test solution was measured versus distitled water; thus, the reagent
hlank itself absorbs with no FSII present. No correction has been made for reagent-blank absorbance, which
accounts for the calibration curve not passing through the origin.

In this colerimetric method, extraction of the FSII from the test fuel sample is accomplished with two
successive portions of water, each 10% of the fuel volume. The theoretical extraction efficiency is about 99.75%
under these conditions, Therefure, it is sufficiently accurate to use water/FSIi blends to establish the calibration
curve rather than to run actual fuel extractions.

As an alternate to the spectrophotometric determination of absorbance, Gardner(!8) has suggested
visual estimation of FSII content by matching the color with permanent potassium dichromate color standards.
Tests were run, using the exact procedure outlined by Gardner, on blends with FSH contents of 0, 0.05, 0.10, and
0.157%. The increasing FSII content in this series was very evident from the colurs developed. However, matching
these colors with the permanent potassium dichromate standards was not at all satisfactory. The FSII extracts had a
more brownish hue than the dichromate solutions and appeared darker than the concentrations which they were to
match. In our tests, estimation even to +0.05% FSIH would not be teasible.

e. lodometric Titration

This method, FS-791b Method 5327.3, has been the recognized method for determining FSH contents
of jet fuels for a number of years. In this method, a fuel sample is extracted with an equal volumre of water, and the
extract is reacted with excess dichromate solution (oxidizing the FSii), and the excess dichromate is titrated
wdometrically with sodium thiosultate. Water/FSH blends are used as standards, although in principle it should be
possible to use the dichromate as the primary standard and calculate the FSII contents from the dichromate
comumption, assuming theoretical stoichiometry.

The 1/1 extraction ratio used in this method gives a theoretical extraction efficiency of about 99.5%, so
the use of water/FSI blends as standards should introduce no significant error,

Seven of the tuel/FSIl standard blends were submitted 0 an Air Force quality control laboratory

Added: o2 005 009 0.0 013 014 020
Found 0.025 0045 0068 0.104 0.124 0.129 0.190

The devianion tor the 0.097 FSIE blend was excessive { -0.0219%). Of the other deviations, the greatest
way OO

No attempt was made to identity the most probable causes of the deviations.
1 Comparison of Precision of Methods

Although the data that wers obtaincd do not permit a sound statistical determination of precision, it is
ol some tnterest e compare the results ohtained by the tour methods wiih the arown FSIE contents of the standard
blends In the case of the thiee methods employing calthbration cueves (treeze point, differentiaf refrectometer, and
cobornmetigy, this v done by takmg the freezaig pont, R.L, or absorbance actually obtained on a given samiple. then
el o the correspondng cibbration curve, and reading the hypothetical FSil coneat. Here, of course, devia-
tosis mcrely represeat the scanter in the data vsed 1o constiut the calibration curves. Such a comparison of the fous
achnbs 1 shows e Fable 220 These Jata illustrate the pattern noted previously at vyrious gusints in this
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lodometric titration: One deviation 0.021%, others up to 0.011%

Freeze point: Deviations up to 0.0C8% in range of interest
Refractometer: Deviations up to 0.012%
Colorimetric: Deviations up to 0.04% in first series,up to

0.013% in repeat series

TABLE 22. FSII CONTENT OF JP4 FUEL BY VARIOUS METHODS

Indicated FSIl content, vol %
Actual FSII lodometric | Freeze
content,vol % | .~ . . Colorimetric* | Refractometer*
’ titration point*
0.02 0.025 0.014 0.021 0.008
0.05 0.045 0.048 0.057
0.06 - 0.060 0.058 0.063
0.07 0.072 0.068 0.075
0.08 - 0.087 0076 - 0.073
0.09 0.068 0.094 0.090 0.094
0.10 0.104 0.094 0.100 0.110
0.11 0.107 0.112 0.120
0.12 0.114 0.122 0.108
0.13 0.124 0.134 0.133 0.120
0.14 0129 0.148 0.143 0.142
0.15 0.154 0.153 0.153
0.17 - 0.171 0.173 0.161
0.20 0.190 0.208 0.198 0.193
*Data are for the same results used as calibration peints.

It can be ceen that errors on the order of 0.01% are to be expected in all of these methods
under the conditions in which they were run here. Based on the rather scantv data obtained in these
tests, there does not appear to be any outstanding advantage for any one method 10 terms of precision.
The data are being examined further to attempt to develop statistically valid comparisons of repeatability.

9. Interferences and Difficulties in Techniques

All of the methods of FSII determination are subject to interference from othe: water-extractable
substances in the fuel. In the fre2ze point method, any extractable would lower the freezing point and cause unduly
high FSH resuits. In the refractometer method, other water extractables could cause either positive ci negative
interference, depending on their refractive indices. The colorimetric (ceric ammonium nitrate) method is dependent
on reaction with hydroxyi groups, and any water-extractable compounds with a hydrcxyl group would interfere to
give high results. In the iodometric method, any readily oxidizable materizi extracted into the water would give
positive interference; presence of an vxidizer in the water-extractables could in theory give negative interference, but
this situation is most unlikely.

In general, it is conzdered unlikely that interfering, water-extractable substances will be present in
normal fuels in concantrations high enough to perturb the FSil results significantly. Freak fuels or contaminated
batches ray well present difficulties in any FSII analysis.

One difficulty common 0 all FSH methods is the dependence on a quantitative or at least reproducible
extraction of the FSIl from the fuel by water. The extraction conditions are probably more critizal whenever the

water/fuel rativ is small, since then the extraction cannot be quantitative, and the results must vary with the
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contacting efficiency and the partition coefficient. These in turn depend on fuel composition and extraction
temperature. From this point of view, the freeze point and refractometer methods, with theoretical extraction
efficiencies near 72 and 93%, respectively, are less desirable than the colorimetric and iodometric titration methods,
with near-100% theoretical extraction.

Reproducibility of extraction procedures is also harmed by poor separation and the presence of emul-
sions. Improved techniques for contacting and separation would be desirable for all methoc/is of FSII analysis.

h,  Conclusions

Selection of a method for FSII analysis will probably be based mainly on convenience. No great
differences in precision of the diffcrent methods could be noted in the limited amount of testing performed here.

The freeze point method is probably most suitable for use in the field with limited laboratory facilities;
the equipment and procedures are simple. A supply of ice must be available. Care must be taken that a calibrated
thermometer of good accuracy is used, that the mercury column in the thermometer does not separate, that the ice
bath temperature is sufficiently low, and that a freezing point calibration curve is obtained on the basis of known
blends of fuel and FSIi of the types actually in use.

The refractometer method appears simple but actually requires great attention to detzil and develop-
ment of operator technique.

The colorimetric method using spectrophotometric measurements should receive further evaluation, This
method is probably faster than titration, if time for standardization of solutions is taken into account. Preliminary
results on the visual color-comparison version of the colorimetric method indicated poor discrimination of FSII
concentration level.

The rather poor accuracy of the standard titration methou that was observed here is contrary to most
past experience and should be investigated further.

4. GETERMINATION OF FUEL VAPOR CONCENTRATIONS IN TANKS
a. General

A rapid analytical method was needed for (.etermining the amounts of JP-4 fuel vapors in simulated fuel
tank atmospheres, in support of a program being conducted by the Fire Protection Branch of the Fuels and
Lubrication Division of the Aero Propulsion Laboratory. Here we will describe the analytical apparatus and tech-
niques that were developed and will give illustrative results only. Detailed resuits have been repuried to the Fire
Protection Branch.

b. Apparatus and Procedures

Since only a m-asure of the total vapor concentration was desired, no separation or identification of
mdividual hydrocarbons was needed. The simplest approach appeared to be the use of a gas chromatograph with
lame ionization detector. Since the individual hydrocarbons in the vapor may differ in magnitude of detector
response per unit weight, it is ne 2ssary to have a known standard of similar vapor composition in order to quantify
the results. The standard chesen s fuel-saturated air at 100°F, adjusted to 760 mm pressure. The temperature of
100°F was selected since - .« was the temperature used in most of the fuel tank tests. It was expected that this
standard sample will have » higher vapor concentration than would be encountereq in any of the fuel tank test
samples.

The fuelsaturated air (FSA) was injected into the chromatograph each day to serve as a 1007 FSA
standard  This daily cahbration was required to compensate for variations in detector response that may have

accurred because of deposit formation on the detector electrodes or because of variations in the hydrogen and air
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flow rates. The fue! vapor contents of the tank test samples were expressed as percentages of the vapor content of
the 100% FSA fuel standard,

The chromatogiaphic column was reiatively short and nonpolar and was used at high temperature, since
there was no interest in separating individual components, but only in measuring total response in terms of total
peak height or peak area. The vapor standard or test sample wus introduced into the column using a 250 ul

gas-sampling valve,

The 100%-FSA stai.'ards were prepared by bubbling dry air through a column of fresh JP-4 fuel, using
the apparatus shown in Figure 22,

In order to check the linearity of detector response, over the concentration range of interest, it was
“ecessary to prepare air mixtures at various fuel-saturation levels, This was done by means of the apparatus shown in
Figure 23. Analysis of these samples showed that the response was not linear, as indicated by the curves in
Figure 24, Correcticzs derived from wnese curves were applied to all sample results,
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bl R T T Sample bottles containing tank test samples were
s} 4 brought to the chromatograph, and the contents were analyzed
wl N | nsing a vacuum gas-sampling system as indicated in Figure 25.

Detector retronse curve

— o The sample transfer was effected by drawing a vacuum on the

1 system, then opening the sample bottle and filling the system
4 with the sample gas. A manometer in the system measured the
o i cures sample pressure differential from atmospheric. The ;,as chromato-
graphic response was corrected for sample size variations caused
1 by pressure differences and was comnpared with the same day’s
4 FSA standard to give the experimental % FSA by volume, Experi-
mental values for two or three samplings from each bottle were
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" averaged and corrected for the nonlinearity of response
° 1 (Figure 24),
pronew ‘l’lak::nlf w::%\ M.;wo)m oW c. Discussion of Results
FIGURE 24. CALIBRATION CURVE FOR Early results on test samples were based on the peak

NONLINEAR DETECTOR RESPONSE height response relative to that of the FSA standard. It was noted

in this early work that peak tailing was excessive and

nenreproducible. Later, an cily contaminant was discovered when the gas-sampling valvé was disassembled. Heavy

components of the vapors would be adsorbed by this oily contaminant, and their slow elution was responsible for

the peak tailing. Large amounts of these heavy components could be picked up during the rather prolonged

opesatinns on FSA standards. Because of this peak tailing, measurement of peak areas did not give any meaningful

rewwiis i the early work, and reported results were based on peak height only. After eliminating the contamination
problem, reported results were based on peak areas.

This situation is iflustrated by tae following values for corrected average % FSA in tank-test samples:

Early work, peak area 9 6 It 11 10 13 19 19 16
peak height 17 15 21 21 22 25 38 39 37
Later work, peak area 44 44 33 35 34 33
peak height 46 46 30 33 30 29

EJ In the early work, the average
ﬁ' values for % FSA based on peak area were
A considerably lower than those based on
peak height. This is consistent with the
role of the oily contuminant, sinc: vapor
buildup in the contaminant and the con.
sequent peak tailing would affect the pro-
longed operations with standard FSA
wote o more than they 'vould affect the shotter
~romatoy s [t ¢ operations on test samples. In the data
>3] shown for the earlier operations, the
apparent % FSA in the tesi samples,
H based on peak area, was only about half
A == of that based on peak height: the peak-
J) L ey height data are ctearly the more reliable
7 L e here. L the later operations, the area- and
s T height-based values are in good agree-
B F ol e ment, and, in general, the area-based
vaines are considered the more
FIGURE 25. SAMPLE BOTTLE APPARATUS relisble. In the later work, random
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comparisons of peak height- and area-based values {not shown here) indicated similarly good agree-
ment.

The calibration data (Figure 24), gathered to check the linearity of detector response, show greater
scatter than is desirable in calibration data. Nevertheless, the data indicate clearly that response is nonlinear, and the
corrected values based on these curves should be more reliable than uncorrected values. More exact calibration could
be achieved but would have required extensive changes in the apparatus design. Deviations in rotameter flow rates
from calibrated values were noted; these undoubtedly accounted for some error. Possible inefficiency of the mixing
chamber could account for error. Also, unexplainable changes in the 100% FSA responses occurred in two of the
three calibration runs. It would have taken considerably more time to resolve these questions than was available
during this work.

Another question that might merit further investigation is the depletion of hghtcr hydrocarbons from
the JP-4 fuel used in preparing the 100% FSA and known mixtures for calibration, Trends roward decrease in peak
height and increases in tailing were sometimes noted when successive samples of 100% FSA were taken. For more
accurate work, it would be desirable to design and use a flow-through apparatus where fresh fuel was introduced
constantly into the vapor production chamber.

Attempts were made to produce 100% FSA by static saturation, using 100 ml of JP-4 fuel in a sample
hottle of the same type used for test saraples. This bottle was held at 100°F and shaken periodically, drawing off
sriall samples of the atmosphere for chromatographing. Oddly enough, samples of the bottled atmosphere gave only
about half the peak area response of the 100% FSA produced by bubbling air through a column of fuel at 100°F.
Both approaches should be expected to produce approximately the same fuel-vapor content; the reason or reasons
tor the discrepancy could not be determined. In the absence of any contrary indications, the method giving the
higher apparent hydrocarbon contents (peak areas) must be considered the better source of “fuel-saturated air.”
Hence, the FSA prepared in the bubbling apparatus was used as the standard.

It is difficult to estimate the accuracy and precision of the measurements, since the techniques were
being developed and improved as the analyses were being made. Also, there were numerous interrelated and partially
unresolved variables in these analyses. We believe that the later results using peak areas are probably within 10 per-
centage units of their “true” % FSA concentration, However, this is only an estimate based on the consideration of
possible errors.

Much more work would be needed to perfect the method of aralysis and resolve the varisbles still
remaining.

5. DETERMINATION 6F OXVGEN CONTENT OF FUELS

Oxygen ucterminations on fuels have been continued in support of Air Force studies involving the Advanced
Fuel System Simulator Rig at Wright-Patterson AFB. Previous results obtain’ed by SwRI and details of the gas
chromatographic method of analysis were discussed in last year's annunl repon(“).

Test results for a JP-7 fuel, AFFB-13-69, are shown in Table 23. This fuel was tested in December 1969 No
further oxygen astalyses have been run during the reporting period.

The oxygen-content results for air-saturated hexane have been included in the tabulated data to indicate the
day-tc-day repeatability of the method for a liquid sample. Three to six hexane injections were made w:th each dav's
set of fuel samples. The initial value is for the first hexane injection each day: comparison with the daily and final
means indicates that fair repeatability is obtained in these analyses.

€ EFFECTS OF FUEL DYES ON FUEL PROPERTIES

Several oil-soluble dyes have been proposed for use in JP-4 fuel for special purposes. It was desired to
determine the effects of these dyes on fuel properties, in particular the contamination level, thermal stability, and
water-separating characteristics.
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TABLE 23. OXYGEN ANALYSIS OF AFFB-13-69 FUEL FROM SIMULATOR

Oxygen content in ppm (wt)

Incoming Start cruise End cruise Peak Air-saturated hexane

Test fuel,' N t =25 min* t = 105 min* descent® | Initial Mean

no- L= 03mm 4 5 6 7 4 5 6 7 7 valuet valuet
9.080 68 20 18 17 19 11 13 10 5 <2 122 129
9,082 72 19 17 15 16 10 8 11 4 <2 115 120
9.087 80 191204019 {19 {12 |10 }]10 S <2 118 122
9,089 79 18 18 19 18 11 10 10 8 <2 117 121
9,094 79 2] 18 16 19 10 9 8 5 <2 115 120
9.006 81 20 15 16 16 7 8 10 ] §- <2 124 127
9.099 b] | 18 20 19 18 8 8 7 2 <2 122 124
9101 68 17 13 16 14 7 11 9 2 <2 116 118
9.105 56 17 17 18 17 8 10 10 4 <2 121 124
9.106 51 17116 16 |17 5 8 7 4 <2 110 120
9110 77 2 17 15 17 8 11 10 3 <2 125 126
9,123 71 17 15 15 15 9 9 16 8 <2 125 125
9,132 70 18 16 12 16 9 9 8 6 <2 121 129
9137 6l 17 13 15 13 8 8 11 11 <2 118 125
9.139 76 19 19 16 16 9 9 9 6 <2 122 133
9.141 75 24 201 22 20- |13 13 13 16 <2 126 128
Average 70 19 17 17 17 9 10 10 6 <2 120 124
*Numbers in subheading represent valve numbers.
+Value of initial injections with incoming fuel.
t Average of all injections for the test,

The three dyes evaluated were Automate Yellow No. 662, Automate Blue SF, and Automate Red BSF. These
were blended and tested in a non-additive JP-4 fuel selected from tank-farm storage. This base fuel conformed to all
JP-4 specification requirements. The fuel’s content of aromatic hy drocarborns was 8.5%, which is somewhat low but
not at all unusual. By way of comparison, the Bureau of Mines 1969 average for JP-4 fuels were 11.5% aromatics;
the 1967 average for Air Force procurements of JP-4 was 12.1% aromatics, with some 30% of the samples having less
than 107 aromatics, and 10% of the samples having less than 7.5% aromatics.

The base fuel was transferred from the storage tank to a precleaned, epoxy-lined, 55-gallon drum, then
through 0.45 y filters to four precleaned, unlined, 10-gallon steel pails. Container precleaning was performed with
filiered toluene/acetone/isopropanol trisolvent. Three of the fuel samples were blended with test dye at a concentra-
tion of 2 11 02/100 gal (about 140 my/liter); the fourth was used as a control sample. Immediately after blending,
samples were drawn for initial tests. The pails were then closed with lug-lock lids and stored for three months at
70-90°F, atter which the fuels were again tested.

The tests that were run included particulate contaminant (ASTM D 2276), silting index (FS 791b,
Mecthod S350) W3IM (ASTM D 2550, modified), emulsion characteristics (ASTM D 1401, modified), and thermal
stability (ASTM D 1660). The WSIM tests could not be run in the usual manner because of the deep colors of the
tuels. which made it impossible to set the light output meter at 100 when operating on clean fuel at the siart of the
test. Theretore, the meter was simply set at the highest reading possible, and changes caused by water entrainment
were noted. The values obtained cannot be correlated with conventional WSIM values. Because of these difficulties,
the water-separating properties of the fuels after storage were evaluated by a modified emulsion test of the type
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TABLE 24, EFFECTS OF DYES ON FUEL PROPERTIES

Silting , Emulsion test, ml . Fuel coker, std, 300/400°F
Dye* ‘N:onths index, So;;f:s' fuei/water/emuls Wlsr:ib;ii;leter ;‘::‘:;"L Tube rating, Filter
storage | gy, | ma/er at 0 minutes unwiped/wiped AP, in. Hg

None 0 2.1 - 100 99 1/1 0.3

3 0.12 0.2 40/40/0 100 98 1/1 0.6
Blue 0 23 18 - 13

3 33.2¢ 124 40/37/3 - 1 1.2
Red 0 1.5 1.2 - 40 19

3 3.1 37 40/39/1 /1 37
Yellow 0 0.13 04 - 66 40

3 2.7 2.0 40/39/1 11t 0.0
*Tested at 2 fl 02/100 gal in non-additive JP4; Automate Yellow No. 662, Automate Blue SF, and Automate Red BSF.
1Sl5.
1Wa2tmup time 20.7 minutes; other tests 1520 minutes.

applied to steam-turbine lubricating oils, in which the test sample is agitated with water under prescribed conditions,
and the condition of the two layers and the interface is noted periodically. As applied to fuels, we ran the test at
100°F instead of the 130°F specified for oils and merely noted the condition of the mixture at *‘zero minutes,” i.e.,
within 10-20 seconds after stopping the stirrer, since settling was generally so rapid as to preclude lone-time
observations,

The results obtained are listed in Table 24. It will be noted that all of the dyes had adverse effects on fuel
contamination level and water separation characteristics.

The silting index results on the freshly blonded samples showed no significant effects of the dyes, but the
3-month results showed severe plugging problems with the blue dye and slight adverse effects from the other dyes.
Contents of particulate matter (solids) showed the same general tread, with the blue dye contributing rather huge
amaunts of insoluble material. The level of i7.4 mg/liter insoluble matter amounts to nearly 10% of the total
amount of blue dye added.

The thermal stability of the dyed and undyed fuel samples was determined by standard coker tests at
300/400°F. all fuels were prefiltered through Whatman 2V paper immediately betore testing. These fuel coker test
results (Table 24) show that the dyes had no effect on preheater tube deposits; Code 1 color ratings were obtained in
all tests. The blue and red dyes did cause filter piugging in the coker tests; for the red dye, this plugging amounted to
3.7in. Hg, above the specification limit of 3.0 in. The plugging effects of the dyes cannot be regarded as extremely
severe, since the base fuel and control fuel also gave some plugging. It appears probable that the plugging caused by
the dyes in the coker tests is a reflection of insoluble matter not removed by the Whatman prefiltration, rather than
any degradation of thermal stability.

From the WSIM results, all one can say is that the dyed fuels did entrain some water during test, as evidenced
by the drops in meter readings. The emuision tests likewise showed some adverse effects of the dyes. There is no way
to relate these data to conventional test results or to performance, but it is clear that water-separating characteristics
should be a matter of concern in considering dyes for use in the field.

The insolubility problems on theése dyes were somewhat unexpected. The fuel thet was used as a base stock
was nou at all atypical: the aromatics content was only slightly below average. The absence of FSIH (fuel system icing

inhibitor) might be an explanation for the very poor solubility characteristics. Use of the normal content of this
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additive should increase a fuel’s solvency for many nonhydrocarbon compounds such as dyes. However, from a
practical point of view, FSIl may be present in varying amounts, and one should not rely on it as a solvent for a
secondary additive.

It is concluded that the red and blue dyes are not sufficiently soluble in JP-4 fuel for field use, and that there
may be a solubility problem with the yellow dye. All of these matarials appear to have some adverse effect on fuel
water-separating characteristics.

7. COAGULATING AGENTS FOR PARTICULATE MATT:R
a.  Background

There are indications in the Soviet literature(!9-21) that considerable work has been performed on fuel
additives intended to coagulate finely divided particulate matter, so that it can be removed more easily by settling or
filtration. Among the compounds mentioned most are sulfenamide derivatives of 2-mercaptobenzothiazole; esters of
diethylene glycol, glvtaric acid, and C, o-C, , aliphatic alcohols; and the octadecyl-amide of y-hydroxybutyric acid.
It is stated that the best of the compounds tried is N-cyclohexyl-2-mercaptobenzothiazolesulfenamide, which is
designated TsBSA additive in the Soviet literature. Most of the test work cited has been concerned with field tests at
airports, where concentrations of 0,.002-0.005% (20-50 ppm) are said to improve the efficiency of fuel filtration and
to aid in the settling of fuel-suspended matter in storage tanks.

There is an anomaly in the chemical name assigned to this compound, since the 2-position in the
benzothiazole cannot be occupied by both a mercapto and a sulfenamide group. The compound is thought to be

N-cyclohexyl-2-benzothiazolesulfenamide:
S YSNHO

N

This compound is prepared from 2-mercaptobenzothiazole and cyclohexylamine, which may account for
the coafusion in normenclature. A further indication that the formula shown does represent the material cited in the
Soviet literature is their abbreviation TsBSA, which would correspond to N-tsiklogeksil-2-benzotiazolsul fenemid.

This compound has been patented by Monsanto(22) along with other similar compounds as vulcaniza-
tion accelerators; the melting point of this compound is reported as 97.5°C. No other references to chemical or
physical properties have been found.

This compound was found to be available from the Aldrich Chemical Company, and a sample was
obtained for evatuation. No information on purity of this material was available; from its behavior in solubility tests,
1t appears to contain substantial amounts of impurities.

, This material, which we will designate here as “CBSA,” was evaluated for effectiveness in improving the
filtration efiiciency when removing finely dispersed inorganic solid contaminants from fuel.

b Solubitity Studies
Proliminaey checks had indicazed that the CBSA was quite insoluble in fuel. Further checks on solubility
behavior were made by stirring 100 mg of the CBSA with a limited amount of fuel and then diluting successively

with more fuet to attentpt to determine a solubility mit. The solubilities of CBSA in 2-methoxyethanol and in
toluene were checked in the same geneeit munner. The following ohservations were made:

JBS fuel - - Not completely soluble at 20-50 ppm
2-Methoxyethanot Soluble at 5.6 g/liter
- Toluene Mostly soluble at S g'liter
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In the 5 g/liter blend of CBSA in toluene, the small amount of residual undissolved material would not
dissolve when more toluene was added. The insoluble material, amounting to 2.6 of the original CBSA, was
recovered and compared with the original material by pressing with KBr to obtain infrared spectra. The differences
in spectra confirmed that the toluene-insoluble material is an impurity.

For preparing fuel blends, the CBSA can be predissolved in 2-methoxyethanol at a concentration of
5 g/liter and then added to the fuel. A final blend containing 20 ppm (wt) of the CBSA will contain about 0.3% (vo!)
of 2-methoxyethanol, which is twice the maximum amount of this material allowed for use as a fuel system icing
inhibitor. Blends prepared in this manner apparently do not reprecipitate any sienificant amcunt of CBSA when the
concentrate is diluted with fuel, as evidenced by a check on one blend in JP-5 fuel with 20 ppm CBSA and
0.30% FSIL* Out of 15 mg of CBSA added, only 0.06 mg was recovered by fi!*ering the fuel blend.

If toluene is used to predissolve the CBSA in making fuel blcnds, a small portion of the CBSA will
remain insoluble in the toluene and may or may not dissolve when the fuel is added.

c¢.  Coagulation Tests

Each check on coagulating efficiency consisted of a pzir of tests on 1-liter fuel samples, one with CBSA
and the other without. Nonadditive base fuels were used, with corrosion irhibitors added in most tests to increase
the dispersity of the solid contaminants that were added. in order to provide a good test of coagulation or the lack
thereof, the test mixtures were filtered quantitatively through 0.8-u silver membrane filters. The solid contaminant
used in most of this work was red iron oxide, Fisker I-116, which is one of the materials used as standard
contaminants in filter-separator testing. The particle size o: this materia! is mostly in the submicron range, and, if it
is thoroughly dispersed in a fuel, it will be retained very little by a 0.8-u silver membrane filter.t Thus, in these tests,
the degree of recovery of the suspended contaminant is a measure of the agglomeration of the particles of solid
contaminant.

The first coagulation tests were run by prefiltering the base fuel (0.45 w), blending in the corrosion
inhibitor, adding the solid contaminant, mixing at high speed for 3 to 5 minutes, adding the CBSA to one of the two
test samples, and stirring for 7 to 10 minutes, after which the ;amples were each filtered through a 0.8-u silver
membrane filter. In this sequence, any insoluble portion of the CBSA will show up on the test filter along with the
recovered solid contaminant; hence, the results obtained for contaminant recovery are ambiguous.

For subsequent tests, the order of operations was changed so that the corrosion inhibitor was blended
first, then the CBSA was added to one of the two test samples, and then these biends were prefiltered (0.45 y), after
which the solid contaminant was added and mixed, and the final mixtures were each filtered through 0.8-u silver
membrane “ilter. In all of the later tests, the CBSA was predissolved in a solvent fo facilitate blending with the fuel.
Solvents used were toluene, 2-methoxyethanol, and the then-current fuel system icing inhibitor, which contained
99.6% 2-methoxyethanol and 0.4% glycerol.

The test results are listed chronologically in Table 25. It will be noted that the apparent filtration
recovery of red iron oxide in the first test with the CBSA was over 1007%, reflecting the presence of insoluble matter
from the CBSA itself. There did appear to be some coagulation of the red iron oxide in this test. judging by the filter
colors with and without the CBSA. When these tests were repeated with prefiltration to remove the insoluble
portion of the CBSA. there was no significant coagulating effect. judging by either the weights of iron ox’:l¢
recovered or by the filter colors. Quite possibly the true concentration of CBSA in the solution was far below .
added 20 ppm.

When the CBSA was predissolved in FSH, a very marked coagulating ettect was abserved; the CBSA

»

raised the recovery from 20 to 927, and the increased recovery was very evident from the filter colors. This single

“Luzl systemaong inhibitor containing 99.67% 2-methoxycthanol, (1,47 glycerol.
FA nonmetallic 0.8-u membranc filter of the type used in ASTM D 2276 will retain this tron o yuantitatively. Apparenily the
duterence in behavior is due to electrification effects of the nonmetallic filter,

87




A

TABLE 25. COAGULATION TEST RESULTS

l Solids

Solids .
»
p(;:ls(}:v 0 ‘ added, | recovered ap}:::';n”e Remarks
| mgt mg T%

JP-4 with 6 Ib/Mbbl corrosion inhibitor “X"’

0 200 | 1.10 | 55 {Pink
20 200 | 235 {118 | Red Recovery includes
insol CBSA
0 400 ]300 | 75 | Ltred
20 400 {270 | 68 | Ltred Insol CBSA prefiltered
JP-5 with 6 Ib/Mbbl “X’* and 0.3% FSII%
0 400 | 080 | 20 |Pink
20 400 |3.70 | 92 | Red
JP-5 with 16 Ib/Mbbl ‘Y " and 3% toluene
0 400 {3.18 | 80 [ Red
50 400 | 3.39 | 85 [ Red

-

JP-5 with 6 ib/Mbbl “X’’ and 0.3% 2-methoxyethanol

4.03

397

81

82

Lt red

Lt red

Settled S min before
filtering

Settled 5 min before
filtering

JP-5 with (0.3% 2-methoxyethanol, no corrosion inhibitor

3.96

3195

341 86

65| N

Dark red

Dark red

Settled 5 min before
filtering

Settled S min before
filtering

JP-5 with 16 Ib/Mbbl 'Y " and 3% ioluene; contaminent fine AC test dust

0

50

*N-cyclohevyl-2-benzothiazolesulfenamide.

$.36

4.11

265 [ 6l

255 | 62

Lt brown

Lt brown

4

—

Settled 5 min before
filtering

Settled S min before
filtering

tSolids Fisher 1-116 red iron ovide unless otherwise indicated; added to | liter of

test (ucl.

t99 6 7 2-methovyethanol, 0.3°7 glycerol.

38




favorable result was never duplicated in later work. In al! of the remaining tests, regardless of the corrosion inhibitor,
solvent. or solid contaminant that was used, the CBSA gave no significant effect whatever. In fact, the results with
and without CBSA were in very close agreement.

In some of the later tests, the “settling period” between the end of agitation with solid contaminant and
the start of the filtration was standardized at 5 minutes. Previously, this had not been standardized but was generally
much shorter. In ail cases, any material that settled out was transferred quantitatively to ihe filter. In these tests
with controlled schedule, it will be observed that the corrosion inhibitor “X” did have some effect in increasing the
dispersity of the red iron oxide as evidenced by the lower recoveries, but the effect was not great. The CBSA was
completely ineffective in coagulation. The same applied to tests with fine AC dust as the solid contaminant, which
gave surprisingly low recoveries in comparison with the red iron oxide. Although the fine AC dust is not nearly as
fine as the 1-116 red iron oxide in ultimate particle size, the AC dust is much easier to disperse in {uel. Here, no
special efforts were made to obtain ultimate-particle dispersions with either dust, and the iron oxide very l:kely
remained in large aggregates despite the presence of corrosion inhibitor and the violent stirring. The resistance of the
iron oxide to dispersal will depend on a number of factors, particularly its moisture content. This rather brief
attempt at svaluating coagulant action did not include any rigorous control on the condition of the red iron oxide,
not did it include any independent measurement of the dispersity of the mixtures. In view of the results obtained, it
is fairly certain that dispersal to ultimate particle size was not effected in most cases.

In the tests in which a S-minute settling period was maintained between the end of agitation and the
start of filtration, appreciable sedimentation resulted both with and without the CBSA additive.

Based on indications from the Soviet literature, it appeared possible that short periods of contact
between the CBSA agd the solid particles are insufficient to effect any coagulating actions. and therefore, these tests
did not evaluate its full capabilities. One pair of qualitative tests was run with a high concentratior or fine AC dust
(100 mg/liter) in JP-S fuel with 16 Is/Mbbl of corrosion inhibitor “*Y™, in which the test samples were stirred and
checked visually at intervals for dispersity, judged by rhe amount of residue settling out and the appearance of the
supernatant fuel. It was found that the degree of dispersity increased up to about three hours of agitation and then
did not change, so far as could be determined visually. Settling times of 10 minutes were sufficient to fate the
samples. The amounts of residue and the appearance of the supernatant fuels were not affected by the presence or
absence of the CBSA coagulant additive.

Naturally, it is possible that much longer contact times, on the order of days. are necessary tor the
additive to function properly. No study was made of contact times longer than a few hours.

The net result of this study is one observation of a positive coagulating effect of the CBSA, which could
not be duplicated. If any more work on coagulant additives is to be performed, it is clear that any artificial
dispersions of solid materials that are used raust be prepared and coatrolled in a more rigorous manner. Another
possible approach is taking samples from a large batch of fuel, containing relatively large amounts of suspended
material, and testing the effect of CBSA in coagulating the particulate contaminants. Such an approach is more
realistic than can be achieved with laboratory prepared dispersions and should be given serious consideration for any
turther work along this line.

Of the materials other than CBSA listed in the Soviet literature as coagulating agents for tuels, none
appears to be available from U.S. sources.

8. FFFECT OF CORROSION INHIBITORS ON LEAD
3. Background
Field problems with tailures of certain aircraft fuel pumps had been traced tentatively to freezup of
leadwoated bronze surfaces. This condition was often accompanied by whitish deposits on the metal surfaces, it
appeared desirable to learn whether any of the commonly used types of corrosion inhibitors have anv unusual

nteractions with lead,
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Previous attempts along this line had met with some qualitative success, indicating that metal loss and/or
deposit formation could be attributed in some cases to corrosion inhibitors containing organic acids, The investiga-
tion of fuel/inhibitor blends at actual working concentrations is hampered by the presence of nonhydrocarbon fuel
constituents and also by the exceedingly low contents of inhibitor in the fuels. In a static laboratory test it is almost
impossible to arrange for a metal test surface to “see” as much fuel and inhibitor as it will in service. For instance, a
small surface area in a fuel pump may experience the passage of (say) 10,000 gallons of fuel within a relatively short
time If this fuel contains 6 Ib/ 100G bbl of a corrosion inhibitor, the few square inches of metal surface may in effect
be exposed to more than a pound of corrosion inhibitor.
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Since this situation is not amenable to duplication in the laboratory, it "vas decided to accelerate
fuel/metal interactions by using rather high concentrations »f corrosion inhibitors and other material in static
exposure tests,

b. Test Procedure

The materials taken for test were oleic acid, naphthenic acids, and two MIL-I-25017 corrosion inhibitors, J
Identification of these materials and total acid numbers on the samples used in this work are as follows: :

Total
acid no.,
mg KOH/g

Inhibitor X, carboxylic acid type 94
Inhibitor Y, amine phosphate type 138
Oleic acid, Eastman Technical Grade 199
Naphthenic acids, MCB Technical Grade 223

Blends were prepared frem each of the two corrosion inhibitors in toluene (ACS Reagent) at 2 concen-
tration of 1000 1b/ 1000 bbl (2.85 g/liter). Oleic acid was blended in toluene at 1.34 g/liter and naphthenic acids at
1.18 gliter in order to match the blend acid number with that of the Inhibitor X blend.

Lead strips, each having approximately 4 in.? of surface area, were cut from 4-1b “chemical lead” sheet
of the type used in lead corrosion testing of synthetic lubricants, This is a fairly pure lead with a moderately high
copper content, giving it better strength and corrosion tesistance than those of very pure lead.

The lead strips were polished with steel wool, cleaned, and weighed. Each strip was placed on edge in a
hottle containing 100 ml of test blend. One strip was placed in a bottle of pure toluene as a control. The test
assemblies were stored at room temperature and obscrved periodically. After 26 days, the strips were removed,
nnsed with petroleum ether, dried, and weighed. Subsequently, they were rinsed with methanol, dried, and
reweighed.

c. Resulits and Discussior:

Within two days of immersion, orange-yellow deposits started to build up on the lead strip in the
Inhibitor X test blend. These deposits had a clear and “gummy"™ appearance rather than powdery. The strips in the
olew and naphthenic acid solutions gradually took on a lighter but duller appearance than the original strips. The
strips mmmersed in the Inhubitor Y blend or the straight toluene showed only a gradual darkening.

When the stnps were removed after 26 days, the Inhibitor D blend had accumulated a rather large
amount of yellow.orange gummy material on the bottom of the bottle, as well as on the lead strip. In solvent-rinsing
thin wpeaimen tand the others), no attempt was made to physically remove the deposits. Little gum was removed by
either pettoleum ether o methanol. After the strip was allowed to dry, the gummy deposit hardened into a hard,
varninh ke materal covenng the eatice stnip.




No precipitates were noted in the sample bottles that had contained th= other test blends. The lead strips
from the oleic and naphthenic acid solutions showed some whitish or whitish-yellow granular deposits after solvent-
rinsing. The strips from the Inhibitcr Y blend and from the straight toluene showed only slight surface darkening.

The cumulative weight losses of the lead strips after solvent-rinsing, in comparison with the pretest
weights, were as follows:

Weight change, mg
Petr ether Methanol
rinse rinse
Inhibitor X -2.3 -2.8
Inhibitor Y +0.4 +0.4
Oleic Acid -84.7 -84.3
Naphthenic acid -83.5 —-83.5
No sdditive +0.4 +0.6

The lead weight losses observed with the oleic and naphthenic acid blends are in line with theoretical
values based on acid number. The lead-dissolving capability of each of these blends is 99 mg if the lead is assumed to
form the basic soap, or 49.5 mg if the lead is assumed to form the normal soap.

The lead strips in the straight toluene or in the Inhibitor Y biend showed only very slight weight gains,
which, along with their appearance, indicated only normal formation of an oxidized film.

The lead strip in the Inhibitor X solution showed a slight weight loss in spite of the heavy d=posits. Leaa
removal is clearly indicated. In view of the rather large amounts of insoluble precipitate in the sample bottle, it is
probable that metal removai was quite extensive. Attempts were made to remove the varnish-like deposit from the
lead strip in order to deiermine *he actual metal weight loss. However, no known solvent had any effect on the
deposit.

These results indicate that Inhibitor Y has no effect on lead, at least at normal room temperature.
Inhibitor X reacts with lead rather rapidly at room temperature when the inhibitor is present in very high concentra-
tion:. and the reaction products, presumably lead soaps, are gummy or varaisn-like materials that are insoluble in
toluene and other solvents.

Whether or not such deposits could accumulate in fuel pumps operating on fuels with normal concentra-
tions of inhibitor, and whether such deposits could result in pump freezeups, are still matters for speculation.

It such a link is definitely established, it would be desirable to investigate in more detail the effects of
fuel corrosion inhibitors and other additives on nonferrous nuetals, and to develop an appropriate corrosion test
procedure to guard against harmful effects,

9. EFFECT OF SAMPLE CANS ON WATER SEPAROMETER RESULTS
a. Background

It has been known for some time that the results of water separometer tests are very sensitive to tuel
contamination, in particular contamination from *he sample container. Ordinary tinned cans, the usual container for
tuel samples. are not clean enough for samples intended tor separometer tests. Such cans may be precleaned with
solvents or may be used repeatedly in fuelsample service in order 10 remuve the fuel-soluble contaminants that
influence WSIM results. However, from a practical point of view, either precleaning or réass may he impossible or
highly undesirable.

In connection with an Air Force fuel quality control program, it was desired to check the sustability ol
commercially available, phenolicdined, 1-galion cans as WSIM sample containers. These cans were identitied as
Vulcan Part 1 BGSN-572.200. QOrdinary tinned 1-gallon cans used for comparison were obtained froni local stock
and were identitied as £ J B Part DSA 400-68L-5402.




b.  Storage and Test Procedures

Test fuel was chosen by sampling several storage tanks in the Area B fuel farm containing “in-flight”
P-4 tuel, that is, fuet containing all inhibitors. Several of the samples weie found to have WSIM values below 85, but
it appeared later that these low values were caused by sample-line contamination. The fuel finally selected, from
Tank F-10, had a very high WSIM, averaging 97. Although fuel of this quality may not be typical of JP-4, it will
serve as a sensitive indicator of contamination and hence was ccnsidered very suitable for use in this program. This
test fuel met all MIL-T-5624G specification requirements.

An unlined 55-gallon steel drum was rinsed three times with several gallons of st frel and then filled.
The drummed fuel was sampled in amber glass jugs (thoroughly precleaned with particle-free solvents) and icsted for
initial WSIM rating. Samples of the drummed fuel were also drawn into the 1.gallon test cans as described in the
tollowing paragraphs. The remaining drummed fuel was kept in storage and resampled for WSIM rating after
4 weeks

The phenolic-lined cans were precleaned by rinsing twice with | to 2 pints of test fuel and then filled to
within about 1/2in. ol the top. The cans were closed with metal innerseals and caps and then held in storage.

One gronp of tinned cans was precleaned and filled in the same manner as the phenoiic-lined cans.
Another group of tinned cans was precleaned by rinsing thoroughly with chloroform and then with ccetone, Each
rinse was about 75-100 mi and was accomplished by means ot a wash bottle, directing the solvent stream toward the can
seams and spout in order to remove as much foreign matter as possible. As discussed later, there was evidence that this
treatment did not remove all of the contaminants. After each rinse, the can with solvent was shaken and drained. Three
nnses with chloroform were performed, then three with acetone. The cans were then air-dried and filled with test fuel.

All of the tuel samples, in the test cans and in the drum, were held in storage at approximately
SO o0 F, afl samples being exposed to the same temperature conditions.

Separometer tests in this program were run by a single operator with a single instrument. Current ASTM
procedure was {ollowed, with minor modifications. Coalescer disks from a single batch were used in these tests, and
alt disks were airtlow checked before use to verify their acceptability.

TABLE 20, EFFECT OF STORAGE IN ¢.  Separometer Test Results

CANS ON FUEL WSIM
The WSIM values that were

obtained are listed in Table 26. Each

‘ ASTM storage condition and storage time is
. Weeks WSIM Mean . en:
Storage containers . . repeatability | represented by three separometer test
sorage | results | WSIM range results. The means of the three results are
listed. along with ranges derived from
Unhined steel dium 0 97.97.97 97 95 9y ASTM repeatability criteria. It will be
[ 880306 | o 8905 noted that, in almost all cases, all three
values were within the ASTM repeatabil-
Phenulic-lined vans. ) 93,94, 931 oy 9 9 ity range, or at most | WSIM unit beyond
tuel-nmsed > bodoe | ug v 96 the range.
Voot 307 e 94 9g
3 NU_ XK. N7 XK PREETR) d.  Condition of Cans Betore and
Atter Storage
Chinned Cans, tuel 4 65 59 oX | 6d AR
Ll The phenolic-lined cans, as
! received, had thinly coated areas. In most
Clrned Cans solvent 3 N1 Ko, 79 N1 17 W ans, g very thin striip of bare metal was
e exposed along the séam. Also, on the i o
e -—J tom. 3 minute area of bare meial was
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exposed on the edges of th¢ |etters and numerals stamped iato the metal. The area around the spout of these cans
was thinly coated in most cuses. All of these breaks or uciiciencies in the lining were judged to be very minor.
Assuming that the base metal is clean, such defects should not be any factor in fuel contamination.

One of the ;"henolic-lined cans that had contained fuel for 4 weeks was sectioned and examined after

test. There was no appatent softening or deterioration of the phenolic coating, nor was there any visible residue from
the fuel.

The tinned cuis, as received, were found to contain a black residue and some small metal particles that
could be removed from the seam areas by using a cotton swab, It appears probable that the black material consisted
of decomposed soldering flux. Also detected was a brown, resinous materiai around the spout.

Tinned cans that had contained fuel for 4 weeks were reexamined. Cans with both types of precleaning
(fuel or soivents) were iiiclud.a in this examination. It was found that the black 1esidue and the small metal particles
adhering to it were still pre.cnz, and could be removed by swabbing more easily and more completely than from new
cans, Apparently the fuel had either removed some *“binder” from the contaminant or had scftened it.

e. Discussion of Results

The drummed fuel showed a S-point drop in WSIM during the 4 weeks of storage; this is barely
significant, >

The fuel stored in phenolic-lined cans showed no signihcant WSIM changes during the first three weeks.
The 4-week sample gave lower WSIM values, the decrease being barely significant.

As expected, the fuel stored in tinned cans that were prerinsed with fuel did drop drastically in WSIM,
below the specification minimum of 70.

The results on the fuel stored in solvent-rinsed tinned cans are rither ambiguous. The average WSIM
value after 4 weeks was 83. However, when comparing this with the results ¢n fuel stored in phenolic-lined cans it
will be noted that there is oxly 5 points difference in the mean, and that the corresponding repeatability ranges
overlap by a considerable amount. Looking at it another way, the highest WSIM value obtained on the fuels stored in

solvent-rinsed tinned cans (86) is only one point below the lowest WSIM value obtained on the fuels stored in
phenolic-lined cans (27).

Part of the over-all drop in WSIM values during storage could be caused either by “aging™ of the fuel or

by differences in separometer rating level during the 4-week period. In any case, the drop in WSIM values for the
drummed fuel was barely significant.

From these results. it can be concluded tentatively that these phenolic-lined cans, precleaned only by
rinsing with test fuel, arz at least as good as solvent-cieaned tinned cans with respect to lack of effect on WSIM
values. The phenoiic-lined cans should be suitable containers for quality-control or exchange samples, particularly if
the perind between filling and testing can be minimized.

These resuits also indicate that even very thorough rinsing with soivents cannot give a complete cleanup
of ordinary tinned cans. The effect of the residues on WSIM values in these tests is somewhat ambiguous but at least
it is clear that cans cleaned in this manner cannot be regarded as “'safe.”” The presence of visible residues in the cans
after fuel storage is evidence of the incompleteness of cleaning.

No attempt was made to identify the residues in the cans before or after fuel storage. If soldering flux is
responsible, it could be detected by ASTM method D 2546-66T.

10. FUEL DEMULSIBILITY TESTS
In view of the well-known deficiencies of the water separometer test, there is considerable interest in investiga-

ting uther possible methods of rating the waterseparating characteristics of jet fuels. Idsally, such a test should be
simple. have good precision, and correlate well with field performance of filter-separators.
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A very simple test, still used for jet fuels, is the “water reaction test,” in which a mixture of fuel
with buffered phosphate solution is hand-shaken in a graduated cylinder and allowed to settie, after which
the condition of the interface is observed. Unfortunately, this test is not sensitive enough to pick up the
harmful effects of even such materials as formerly qualified amine sulfonate type corrosion inhibitors,
which were very detrimental to filter-separator operation when used at effective concentraticns.

A standardized demulsibility test that is widely used for steam turbine oils is ASTM D 1401. It is
similar in principle to the water reacticn test, A mixture of 40ml of oil and 40 ml of water (normally
distilled water) is agitated and then allowed to settle, after which the precznce or absence of emulsion is
recorded. However, the agitation is mechanical and is relatively well standaidized in comparison with that
of the water reaction test. The agitation specified in the demulsibility test consists of a S-minute stirring
period with a paddle turning inside the graduated cylinder at 1500 rpm. This provides rather more violent
agitation than can be achieved by hand shaking. When testing oils by D 1401, the oil/water mixture is
maintained in a bath at 130°F during the 5-minute stirring and the subsequent period of settling and
observation, Observations are made every S minutes up to a max mum of 60 minutes, and the time
required for reduction of the emulsion volume to 3 ml is taken as a measure of the oil's emulsifying
chara:teristics,

In our initial attempts to apply this test method to fuels, the only modification that was made was
the obvious one of reducing the test temperature to 100°F, to reduce fuel evaporation losses and fire
hazazg. This test was applied to certain dyed fuels, and did give some indications of harmful effects of
the dyes on fue! demulsibility. These results, along with subsequent results from modified demulsibility
tests, are listed in Table 27.

In this test as applied to fuels, the fayers separate rather rapidly, so that equilibrium may be
attained ‘n 3 minutes or less. Therefore, we attemptcd to take an “immediate™ reading as soon as possible
arter stopping the stirrer, wiping the paddle, and taking the graduate out of the bath—generally about 1U
to 20 seconds after stopping ihe stirrer. It will be appreciated that these “immediate” observations, on a
rapidly seitling system, are not expected to be especially repeatable.

Three corrosion inhibitors, AFA-1, RP-2, and Unicor M, when tested in this manner at normal work-
ing concentrations, failed to give any emulsion persisting as long as 5 minutes. Of these three inhibitors
two (RP-2 and Unicor M) have rather drastic effects in lowering the WSIM value of fuels, but the AFA-I
has hitie eifect. This difference in WSIM was reflected to some extent in single-element filter-separator iest
resutts reported previously by swRiT)

Further work on the demulsibility test was concentrated on blends containing Petronate L, a sodium
petroleum  sultonate of the type used in soluble oils. It had been reported previously“” that this
sulfonate was very harmful to filterseparator operauon when present in the fuel at concentrations as low
as G.05 020 mg'liter. The 0.05 mg/liter concentration did not give any correspondingly drastic effect on
fuel WSIM.

Initial  demulsibility tests on Petronate L in JP-5 fuel (Table 27) failed to show any emulsitying
charactenstics whatever, Increasing the stirring time 1o 20 minutes resulted in measurable amounts of emul-
sion at the time of “immediate™ observation, but this did not always persist for as much as 5 mirutes.
Clianging the base stock to isooctane or Bayol/toluene did not change this situation significantly.

S eombinagtion of g 20-minute stirring time and a test temperature of 80°F appesred to accentuate
the mwuelatication chargeteristies. Meunwhile, various fuel-water ratios had been tried, on the sappaosition
that the phase rato mght be cntical in determirnang  emulsification characteristics. There were scattered,
syplotatony tuns and - the realts Jo not permit any  generalizations as to the effect of phase ratio,
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TABLE 27. RESULTS OF MODIFIED D 1401 DEMULSIBILITY TESTS
' | Additive* | Test | Fuel- | Stitring |  Emulsion Emulsion
Base fuel* { and concn, | temp, | water | time, volume, ml vanish Remarks
mg/liter °F | ratio min | Immed | 5-min | time, min
JP4 None 100 1/1 5 0 0
3 JpP-4 Dyes 140 | 100 1/1 5 1-10 | 0-8 5-30 | 7tests
3 Bay-tol AFA-1 34 | 100 1/1 5 0-1 0 <5 2 tests
: JP-5 RP-2 20} 100 711 ) 1 0 <5
JP-5 UniM 26 | 100 7/1 5 i 0 <5
JP-5 UniM 26 | 100 3/1 5 6 0 <1
- § JP-5 PetL 020 | 100 7/t 5 0 0
. JP-5 Petl. 005 | 100 711 5 0 0
- JP5 Petl. 0.10 | 100 71 5 9 0
. JP-5 PetL 0.10 | 100 71 20 2 0 2
¢ JP.5 PetL 0.10 | 100 1/1 20 5 0 2
¥ JP-5 PetL 0.05 | 100 1 20 4 1 7
. Isooctane | PetL 0.10 | 100 7M | 20 4 1 20
: Bay-tol PetL 0.10 | 100 7/1 2 2 0 1
' f Bay-tol PetL 0.10 80 771 20 4-7 2-5 10-60 | 3 tests
: ‘ Bay-tol | PetL 020 | 80 71 20 8 4 >35 1-ml emutsion at 30 min
g Bay-tol PetL 0.20 80 | 400/1 20 0 0
b | Bay-tol PetL C.20 80 80/1 20 <1 <1 85
i Bay-tol PetL 0.10 80 1/1 20 24--29 2 >60 2-ml emulsion at 3 min
! (2 tests)
Bay-tol PetL 0.05 80 1/1 20 20 1 15
Bay-tol PetL 0.20 80 11 20 17 2 >20 2-ml emulsion at 3 min
Bay-tol None 80 80/1 20 <1 <1 44
E Bay-tol PetL 020 | Amb 11 4t 0 0
- - Bay-tol Pet L 0.20 | Amb 79/1 2t G 0
a8 Bay-tol None Amb 1/1 2t 0 0
B Bay-tol PetL 020 | Amb | 80/1 it 0 0 Cloudy fuel layer
Bay-tol PetL 0.20 | Amb 1/1 11 0 0 Cloudy middle layer,
20 ml
Bay-tol PetL 0.20 | Amb 1/1 21 0 0 - Cloudy fuel and water
layers
Bay-tol PetL 0.20 | Amb 4/1 1 1-5¢% 0 0 Cloudy fuel, partly
cloudy water
Bay-tol "PetL 020 | Amy 80/1 |10-20% 0 0
*Base fuel uninhibited JP-4 or }2-£, isooctane reference fuel, or 85/15 blend of Bayol R-34 and toluene. Aditive oil-soluble|
Automate dye (blue, red, yeliow), corrosion inhibitor AFA-1, RP-2, or Unicor M, or Petronate L petroleum sulfonate.
+In hand shaker.
3 11n high-speed maited milk mixer, ca l7.'f00 pm.

Considerirg only the last three tests on Petronate L in Bayol/toluene with 20 minutes of stirring at 80°F with a 1/1
phase ratio (Table 27). it will be noted that large volumes of emulsion were seen in the “immediate” observations,
-with 1-2 m! remaining afier 5 minutes. Comparing the three concentrations of Petronate L tested under these

¢onditions, the observations were as follows: 1
Immediate S-min Emulsion
em:lsion, emaulsion, vanish
mi ml time, min
Petrorate L., 0.05 mg/liter 20 ! 15
0.10 mg/liter 24-29 2 >60
0.20 mg/liter 17 2 >20
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Here the lower concentration of Petronate L clearly had less effect on water separation than did the two
higher concentrations, which had equivalent effects so far as can be determined from these data.

It must be noted that the next test that was run, on Bayol/toluene without any additive, showed traces of very
persistent emulsion. This would indicate contamination of the test fluid, possibly by carryover in the apparatus, In
the standard ASTM procedure, the stirring paddle is cleaned between runs merely by wiping with solvent, and it
appears quite possible that traces of a potent emulsifier such as the Petronate L cculd carry over from test to test.

A few tests were attempted with hand-shaking of the test mixture, without any success in producing emul-
sions. The use of a high-speed malted milk mixer produced measurable amounts of emulsion but introduced some
problems in transfer of the fuel to the graduates after mixing and in warmup of the fuel/water mixture when mixing
was prolonged, The mixtures prepared in this manner tended to maintain cloudy fuel or water layers, rather than
any detectable amounts of “emulsion.”

These preliminary results are very interesting in that they illustrate the possibility of producing measurable
emulsions by mechanical agitation in the standard ASTM emulsion test apparatus. This is far from development of a
valid or repeatable test. Even though the results are only moderately encouraging, further studies along this line
appear to be in order, in view of the rather poor situation with the present separometer test.

11. MISCELLANEOUS EVALUATIONS
a. Fuel Antioxidant Evaluation

A new antioxidant proposed tor use in JP-4 and other fuels has been evaluated in a long-term storage
wst. Specification testing of the fuel showed no detrimental effect from the antioxidant before or after storage. No
detailed evaluations were made of the antioxidant performance of the material.

b.  Effects of FSIl on Folyurethane Foam

Soak tests have been run to compare the effects of FSII solutions, with and without the glycerol
component, on open-cell polyurethane foam intended for use in aircraft fuel tanks., Aqueous solutions containing
237 FSI were used to simulate water bottoms encountered in fuel tanks. At the time these tests were run, the FSII
comsisted ot 99,67 2unethoxyethanol and 0.4% glycerol. This formulation was compared with straight
2-methoxyethanol, which has since become the new standard FSII.

Samples ot the foam were stored at 130°F in 25% “old FSH™ aqueous solution. 25% “new FSII”
aqueous solution, and straight water. After periods of one to four months, none of the foam samples showed any
obvious deterioration. After six months, all three samples had become so brittle that they would crumble at a touch.

A more detailed and critical evaluation has been reported by Scribner and Gandee!23) who concluded
that the severe degradation of polyurethane foam previously noted with certain lots of ethylene glycol monomethyl
vther (2-methoxyethanoly was caused by the presence of lead and/or tin at ppm levels of concentration. The
aresenve of these metals was traced to storage of the 2-methoxyethanol in cans having soldered seams. Deterioration
ol the foam occurred whether or not the 2-methoxyethanol was formulated with glycerol.

In the SWRI work reported here, the 2-methoxyethanol and glycerol were both ACS reagent grade.
turnished e glass containers and hence presumably free ofany signiticant amounts of lead and tin. The only possible
saurce of any contaminant metal was the metal lids of the glass jars used in the foam exposure tests. The lids of at}
three oy tusted durng the tests, even though plastic liners were used., and internal condensation of liquid on the lids
resaited an some contaminaion of the solutions. This contamination,  presumably iren, wmay have had
wanethimy o do with the detenoration of the toam that was observed after six months of exposure, The
work of Scaboer and Gandee did nor show any pranounced effect of iron, but they pointed out that
waendd mietels pmcludmg lead, tn, and irony did not show the toamdegrading etfect when used in buriered
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TABLE 28, BOILING POINT DISTRIBUTION
BY ASTM D 2887-70T

Sample: D. Reed; WPAFB B-9

Run #1 of 2 Date: 8/30/70
Tray #2 Manual daia entry 95
%Off | DegF | %Off | Deg F | % Off | Deg F | % Off | Deg F
1BP 83
1 83 2 244 s1 317 76 392
2 103 27 248 52 321 77 392
3 103 28 251 53 325 78 392
4 139 29 251 54 325 79 401
5 147 30 251 55 330 80 404
6 147 31 258 56 330 8] 408
7 157 kY] 258 57 336 82 408
8 162 33 264 58 336 83 416
9 166 34 264 59 349 84 420
10 166 35 269 60 341 85 424
1 176 36 269 61 347 86 424
12 189 37 278 62 350 87 430
13 197 38 278 63 250 88 434
14 il 39 283 64 350 89 441
15 201 40 283 65 357 90 47
16 207 41 289 66 357 91 452
17 207 42 289 67 364 92 457
1€ 213 43 295 68 367 93 462
19 213 44 29§ 69 367 94 471
20 219 45 300 70 3713 95 482
M] 219 46 300 71 17 96 490
22 224 47 306 72 377 97 50t
23 224 48 309 73 384 98 517
24 231 49 309 74 388 99 539
25 237 50 309 78 388 FBP 561
Run =2 of 2 Date: 8/30/70
Tray =2 Man.iu! data entry 95
- Y
1BP | 43
b 83 26 245 51 315 70 393
2 { 103 27 249 S2 32 17 393
3 103 28 252 53 325 78 398
4 } 139 29 252 54 325 79 - 398
5 | 147 30 252 53 330 80 405
6 1 147 3 258 56 330 81 408
7 158 32 258 57 336 82 412
¥ I62 33 Jod 58 336 83 412
9 te6 34 267 59 341 84 420
10 166 15 267 60 341 8S 424
1! [ 177 3¢ N 6! 347 86 124
i2 l 190 37 278 62 350 87 430
130 197 38 278 63 350 H8 138
14 E 021 9 | 24 | 64 [ 350 | 8e | a4y
Is ; 202 40 284 65 REY] 90 447
16 207 4] 290 66 6] 91 453
17 207 42 293 67 R1Y) 92 45K
¥ MR} 43 293 68 67 93 461
1 N8| 44 03| ev w7 | oog a7
0 ML 45 301 0 KPS| 95 482
2! ] NE 46 301 71 77 R 91
22 | 228 47 306 n” 77 97 <0t
23 08 48 30 73 .11 K Slo
M l 23l 49 Mo ) R w AR
:<J pRt 50 18 A s | FBP | ssu

solutions. Evidently, any critical evaluation of the
effect of iton on the degradation of polyurethane
foam in 2-methoxyethanol would require a rather
extensive investigation.

¢.  Plastic-Lined Tank Evaluation

Fuel tanks lined with ABS (acrylonitrile-
butadiene-styrene) plastic were investigated for deteriora-
tion during storage of isooctane-toluene mixtures. After six
months of storage, the isooctane-toluene mixture was
found to be contaminated with traces of a nonvolatile
material, This was found to be identical to a plastic com-
ponent obtained in the laboratory by Soxhlet extraction of
a sample of the ABS.

d.  Gas Chromatography for Simulated Distillation

Recent developments in this area have been
followed closely, with some thought of setting up the
necessary equipment and evaluating the technique for Air
Force applications.

The major published work in this area is that of
Green.(2%) ASTM Committee D-2 has developed a method
for “Boiling Range Distributicn of Petroleum Fractions by
Gas Chromatography” that is appearing in the 1970 Book
of Standards as an ASTM Tentative Method.

The advantages of the gas chromatographic
method over an ASTM D 86 are in more precise determina-
tion of initial and final boiling points, more detailed distri-
bution data, and more precise prediction of true-boiling-
point distillation curves. If fully automated, it also has
significant advantages in operating costs in comparison with
nonautomated distillation apparatus.

As applied to JP4 fuels the simulated dis-
tillation apparatus requires subambient temperature
operation and control. This adds to the cost and has
made it infeasible to investigate the technique with
existing equipment,

Outfitting the present equipment for occasional
analyses could be accomplished for about $6,000. A com-
pletely automated system, including computer, is marketed
by Hewlett-Packard for $33,000 It was concluded that the
present interests do not justify these costs.

As a matter of interest, we are including here
data sheets illustrating the type of analyses that can be
produced. Table 28 is a reproduction of computer print-
outs furnished by Hewlett-Packard from analyses of dupli-
cate samples of a JP-4 fuel.
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SECTION VI
OPTICAL TECHNIQUES FOR CHEMICAL ANALYSIS

1. GENERAL

As reported previously(25 ), preliminary studies of the Kerr effect phase shift had demonstrated in principle
the feasibility of applying this phenomenon to chemical analysis, particularly the analysis of synthetic lubricants,
Further development of this technique into a practical tool would still require a considerable amount of work. It was
decided to devote efforts instead to other approaches for which the groundwork was already available.

Results from a preliminary study of fluorescence spectra have shown this approach to be a highly sensitive and
selective analytical tool for certain components of synthetic lubricants, The resu'ts from this work have been
presented to the Air Force in an informal technical report.

Subsequently, several samples of synthetic lubricant formulations were furnished by the Aero Propulsion
Laboratory for a study of how various techniques could be applied to identification of materials and detection of
batch variations.

These samples were studied by nuclear magnetic resonance (NMR), optical absorption, fluorescence, and
phosphorescence spectroscopy, with two objectives in mind, The first objective was to identify, using various
spectroscopic techniques, the different lubricant formulations of current interest. The second objective was to
identity spectral variations in different batches of the same formulations.

2. SAMPLES AND SPECTROSCOPIC TECHNIQUES

The synthetic lubricants that were studied included two pairs of sarp'~s, each pair representing two different
batches of a given formulation, and four other samples representing differer.i formulations. The pairs are identified
as E-1 and E-2 (here further termed *a” batches) and F-1 and F-2 (here termed “b™ batches). The four other
tormulations were identified as A, B, C, and D,

Spectra were run on these samples using a Varian A-60 (60 MHz) NMR spectrometer, a Cary 14 spectro-
photometer, and a Baird Atomic SF-100 fluorescence/phosohorescence spectrophotometer. The spectra were taken
in standard ways, the NMR spectra heing from pure or neat samples, the optical absorption spectra being from
10.0-0.02% (v/v) dilutions in spectroquality solvents, and the luminescence spectra from 0.1% and 0.01% (v/v)
dilutions in low-background ethano!l or cyclohexane.

3.  NMR SPECTRA

The NMR spectra consist of rf absorption as a function of magnetic field, referenced to tetramethylsilane
€ 0 cps). The magn-tic tield is given in cps through the relation Kcps) = yH (gauss), where y = 4257.7.

The NMR spectra of the tormulations A-D are superficially similar consisting of four major absorption regions.

o

240 eps

t .
"

138 ¢ps
thH x 75 Cps
(-“ X \i Cps

Of thewe rewons, A and D show the most dramatic differences between formulations, with C dittering in
wenm 10 as well
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These spectra have been broadly interpreted as follows: TABLE 29. NMR INTEGRALS (IN %)

(€)) ﬁ oo Formulation Spectral region
€ ~CHy;-C ocbatch [ T @ 1 0 | &
(2) C-{CHy-0-C A 9.13 | 11.6 | 54.8] 25.0
S B 9.86 | 127 | 53.5| 225
@ C—((CHy],)-C c 775 | 9481 457 366
- D 80 | 103 | 57.7] 23.1
(4) (CHy- [CH,], E-1 128 | 145 | 51.7] 206
N E-2* 126 | 138 | 52.1 | 211
F-1 106 | 109 |48.1] 348
where the circled group is thought to be responsible for F-2t 10.7 11.1 488 | 344

absorption in the region indicated.

In order to facilitate comparison of these assignments with known concentrations of esters, the
integrals of the absorption spectra have been measured as well. These have been tabulated for the different
regions as Table 29. In Table 29, 10% means that 10% of the protons resonating in the region covered are of that
type. Aromatic protons were not included in the integrals.

The NMR spectra of the “‘a” batches show very small differences except for a new band at ~195 cps. E-1 has a
very small peak in this region, and E-2 a larger one. Finally, an old sample of E-2 has a considerably larger peak in
this region. The “a” batches do not correlate exactly to any of the first four formulations, but are most similar
[significant differences show in region (1)] to D, The “b” batches are virtually identical to C.

4.  VISIBLE AND UV ABSORPTION

The absorption spectra were taken on the Cary 14 spectrophotometer as optical density (—Log,oT, T = I/l)
vs wavelength in mu. The lubricant samples were diluted 1:200 v/v in cyclohexane and measured in quartz cells with
1 cm path length for visible, 1 mm for UV, The spectrometer was zeroed against air (—0.03 D.U. correction factor),
and all spectra were run vs air. The differential spectra were measured by adjusting the concentration to give
appreciable slit opening at the absorption peak of interest with maximum gain setting on the spectrometer. The
relatively large baseline drift precluded use of the 0.0-0.1 slide wire, so all spectra were taken with the 0.0-1.0,
1.0-2.0 slide wire,

The formulations A and D have very similar spectra. B appears to differ from A and D in relative concentra-
tions of the substance responsible for the major UV peak. C has a UV absorption system that is superficially similar
to A and D but the highest energy band is narrower and shifted from the same band in A and D. Also, C has a
prominent absorption system in the visible. This band is highly structured.

The batches ““a” and “‘b™ have a completely different absorption spectrum from the other four formulations.
5. FLUORESCENCE

The fluorescence spectra were taken by exciting the solution (usually 1:1000 v/v dilution of lubricant) at a
particular wavelength and scanning the emitted light. The exciting wavelength was then changed and the emission
spectrum obtained again. The spectra are uncorrected for the spectra response of lamp and detector and hence show
shifts toward longer wavelengths. The lamp is a 150 watt Zenon arc; the detector is an RCA P28 photomultiplier.
Each spectrum is standardized with respect to gain changes via arc shifts, voltage drops, etc by measuring the
fluorescence of a solution of rhodamine (Dupont Rhodamine SGDN Extra, Lot 375, 0.03% w/v in H20. 1:20 v/v
dilution). This standard was stored overnight in water to prevent evaporation and changed periodically.

The spectra generally showed at least two fluorescent compounds. Since A and D had very similar optical
spectra, they were treated as batches in the luminescence work. Their spectra show three specics. Again, the spectra
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were very similar, quantitative differences showing up in two emissions. B shows three species in emission; a shoulder
and a shape change in the second band.

6. PHOSPHORESCENCE

The phosphorescence spectra were taken from 1:100 v/v dilutions of the lubricant in ethanol. The samples
were put in 1 mm ID (nominal) quartz cells and frozen in liquid nitrogen. The tail of the LN, dewar was inserted in
the rotating can chopper of the phosphorimetry attachment made for the Baird Atomic Fluorispec. In the spectra
presented here, no attempt was made to deoxygenate the samples or tc use the phosphorescence lifetime to increase
resolution. As in fluorescence, the exciting wavelength was set and noted, and the spectrum of the emitted light was
scanned.

Again, the formulations A and D were treated as batches because of the great similarity in their optical spectra.
Two emission peaks were overlapping. A third emission appears with near UV excitation. The spectra show some
shape differences suggesting an extra component in A. Mainly, the two formulations appeared identical, neglecting
quantitative differences.

The phosphorescence spectrum of B showed three emission peaks. Formulation B is distinguishable fiom A
and D on the basis of the visible emission, this having approximately twice the intensity in B.

The phosphorescence spectrum of C is distinctive, emission peaks being shifted from the others. Also, an
additional narrow band appears.

The phosphorescence spectrum of the “a” and “‘b” batches showed the most distinctive differences in species
which emit at the same wavelength. Hence these spectra were run in the reverse manner, setting the emission
wavelength and scanning the excitation spectrum. These spectra show large quantitative differences in two peaks.

7.  DISCUSSION

The work presented here had two goals. The first goal was to establish the feasibility of ““fingerprinting™ the
various formulations for quick identification. The second was to establish whether or not the various techniques
could be used to detect batch-to-batch variations and would, therefore, be useful in quality control. The NMR
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spectra obtained indicate that NMR TABLE 30. DETECTION OF LUBRICANT BATCH VARIATION
is suitable for “fingerprinting” un-

less C or the “b” batches are NMR Optical absorption | After UV | Fluores- | Phosphores-
involved. In such an application, differential irradiation | cence cence
the NMR should be followed by

optical absorption to establish | “a”

firmly the identification. Also, the | E-1 | O * 0 X X

differences betwecn A and D in [ E-2
region (1) should *~ checked on
several samples of each formulation | “D”
to establish firmly the identifica- | F-1 8 0 X X X
tion. A summary of the qualitative | F-2

aspects of the spectra is given in
Figure 26. O-Completely different,

X-Similar,

The qualitative features of | *Virtualiy identical.
optical (visible and UV) absorption
spectra as a fingerprint technique are also summarized in Figure 26. Here, A and D are indistinguishable, requiring
NMR verification, and the “a” and “b” differcnce is small.

In Figure 27, the “fingerprinting” characteristics of fluorescence and phosphorescence are shown. The general
trend is with the optical absorption data, so that these techniques appear to offer no current advantage in finger-
printing. However, since a single additive is likely to dominate the absorption spectrum, a change in another additive
at a later date could be shown up in fluorescence or the phosphorescence and not in absorption. Our experience with
the batches indicates this order in selectivity:

1. Phosphorescence

2. Fluorescence

3. Optical absorption

The results of our investigation into batch variations is given in Table 30. The NMR shows a new peak in one
of the “a” batches, and the optical absorption shows differences after light and heat treatment. The fluorescence
shows an extra peak in E-2, apparently confirming the NMR observation of an extra component in E-2,
Phosphorescence shows quantitative differences in the spectra of both ““a” and “'b™ batches.
8. CONCLUSIONS

For current formulations, the use of NMR and optical absorption together provides a positive means of
identifying the various formulations, i.e., “fingerprinting.”” The two techniques provide a method of investigating
both base stock and additives. However. since the optical absorption usually allows observation of only one or two
major additives, there may be a need 1o use more selective techniques at a later date.

The observation of a new peak via NMR in the batch investigation is encouraging, as is the quantitative

variation observed in the optical absorption and luminescence. Confirmatory work on these observations is under
way.
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SECTION VHI
TURBINE ENGINE INSTRUMENTATION AND CONTROL

A research and development program fcr dynamic testing and control loop evaluation of a propulsion system
has been defined. As a result of a systems study, the methods of approach, potential problem areas, required
instrumentation, and required major sub-systems have been established. The primary work effort has been directed
toward the development of an instrurnentation and data acquisition system which will allow a J-85-7 test engine to
be interfaced with an 1BM 1800 process control computer. This will provide great flexibility for performing dynamic
engine testing and control loop evaluations.

In order to evaluate control loop concepts more comprehensively, it is necessary to look more into the details
of the engine operation by monitoring and examining many thermodynamic, acrodynamic and mechanical variables.
It is with this need in mind that a multichannel data acquisition and external control system is being implemented.
Data are to be collected from the engine using numerous sensors which provide analog readout of the monitored
variable. As desired, these data may be (a) processed and examined on line, (b) taped for future examination,
(¢) used to implement some new pure analog control loop concept, (d) coded into digital signals and fed into the
IBM 1800, and used to implement some hybrid control concept using the 1BM 1800 as part of the control loop.
Ideally, any combination of the above data handling methods may be implemented, as desired, so the system offers
an immense amount of flexibility for future dynamics and control studies.

The instrumentation for the J-85 engine will consist basically of numerous static and total-pressure probes
{with both dynamic and quasi-steady capability), hot wires, and thermocouples. This basic monitoring system will be
supplemented by fluidic temperature sensors for turbine inlet temperature ineasurement, plus other miscellaneous
probes as required. A detailed plan of transducer location on the engine has been formulated, and a number of
probes have already been built,

The high-frequency pressure tranducers will be short-coupled Kistlers and Kulites. Water-cooled jackets will be
used on those probes placed in hot-gas flows. Additional high-frequency data wiil be obtained from hot wires placed
in the first, third, fifth and seventh stages of th: compressor. Temperatures will be measured with standard and
special purpose thermocouples,

High-tfrequency data will be FM multiplexed and stored on magnetic tape. The Honeywell 7600 and Ampex
FR 1600 wideband tape recorders will be incorporated intc the system which will allow constant bandwidth
operation. Tape speed compensation techniques will also be employed.

The central building block of the instrumentation system will be an IBM 1800 process control computer
operated in the supervisory mode. The low-frequency data will be time division multiplexed, and high-frequency
data will be FM multiplexed stored on magnetic tape for subsequent data reduction by the 1800 and other special
purpose gear. It is anticipated that the 1800 can take over the function of the fuel controller of the J-85 engine for
special hybnd control investigations. This will allow an operator to program arbitrary control schedules (i.e., control
strategies) which will be, in general, dependent upon new state-of-the-art sensors, a performance index, and possibly
some optimization index. The computer can be programmed to initiate the control function.

The vanable geoimetry components have been isolated from the mechanical ruel control. A servo loop allowing
externit control of the J-85 inlet guide vane angle has been designed and the system transfer function has been
expenmentally derived. in order to actuate the bleed valves, independent of the fuel control, the hydraulic actuators
normally used on the engine will be incorporated in another hydraulic servo loop sim:lar to the one used for the inlet
guide vanes,

Duning the first year of this contract, effort was concentrated on developing flow instrumentation for com-
pressons, and particularly on developing and evaluating improved sensors. The second-year effort has been directed
toward the deselopment of a facility to do meaningful research in the area of engine dynamics.

Oetaled ntomation on these developments will be presented separately in a Te:chnical Report desulbmg
svcamphishments to date in the field of turbine engine instrumentation and control.
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SECTION Vil
INFORMATION RETRIEVAL SYSTEM

7. GENERAL

SwRI has continued to operate and broaden the information retrieval system which is maintained as a part of
this program. The information system was an outgrowth of an obvious need to centralize and conveniently catalog,
for ready reference, the mass of technical literature of inierest to the Fuels, Lubrication, and Fire Protection
Branches of the Fuels and Lubrication Divison of the Aero Propulsion Laboratory. 1he retricval system provides the
APL engineering staff, and other groups authorized access to the system, with a rapid and convenient means of
obtaining documents contained in the system. Further, it eliminates the necessity for each engineer to establish and
maintain his personnel reference and information file, which often becomes both cumbersome and inadequate.
Currently, the system holdings stand in excess of 8,000 documents, of which some 2,000 are on microform. Bcrause
much of the technical literature is now available only on microform, suitable microfilm and microfiche readers and
printers are conveniently located for system uscrs and are maintained as part of the information system responsi-
bility.

The information retrieval system is established on the Concept Coordination principle. That is, each document
placed in the system is assigned an accession number, and by use of the Royal Keydex punch card system, each
accession number is related to index terms and key words, which in turn allow the speedy recovery of all documents
having a common subject relationship. In addition, a title index, author index, report number index, and a contract
number index are maintained to provide additional means of locating directly a specific document.

The information system consists primarily of technical reports embracing or relating to fuels, lubricants, and
hazards studies. A limited number o/ journal articles considered of significance in the subject areas have also been
placed ir the information system, but tooks have bee.. excluded. As a further aid to the system user, an abstract file
is readily available wherein each system holding has been abstracted for quick assessment of the documents’ subject
matter.

The information retrieval system contains classified documents up to and including Secret, and sppropriate
security measures have been established for the handling of these documents. These procedures have been set forth
to enable properly authorized persons corvenient access to classified documents, while at the same time providing
for compliance with all applicable security regulations.

2. SYSTEMOPERATION

The major retrieval system activity in 1970 was accomplishing the total incorporation ot the *Fire Protection™
documents in the central system. For a time, the users in this group felt that their needs could best be served by a
separate handling of the Fire Protection literature, and initially, these docurnents were maintained separately. It was
later agreed that, in order for the Fire Protection Branch to avail itse!f of all the services the information retrieval
system could provide, it would be necessary to handle these documents within the system in a manner paraileling the
handling of the Fuels and Lubrication documents. Consequently, the task of assimilating close to 1000 Fire
Protection documents was begun, while at th: same time continued attontion was given to the acquisition of new
documents in all three technical areas.

The complete incorporation and centralizing of the Fire Protection documents has already been found io be
both efficient and effective. The only remaining operation is completing the Keydex file for these documents; which
will be accomplished in the very near future.

To date. the information retrieval system has satisfactorily filled the needs for information and specific
documents in the Fuels, Lubrication, and Fire Protection Branches. Further technical literature in these areas of
interest is reviewed on a continuing basis, and any document considered of interest is promptly ordered. Naturally.
ducuments requested by staff members of the branches are also ubtained promptly.
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Periodically, a list of new acquisitions is circulated among the APL engineering staff to assist them in keeping
abreast of documents on hand. Almost all of the requests for general information or specific documents have been
filled from system holdings; in those few cases when requested material was not in the system, immediate action was
taken to obtain it.

For the past year (excluding the large transfer of Fire Protection documents), system acquisition rate has
averaged approximately 30 documents per month. The general coverage of the technical areas is considered most
adequate at this time, and no significant changes are comtemplated in the system itself or in the method of handling.




APPENDIX

TABLE 31. FUEL COKER TESTS ON VARIOUS FUELS

Test temperatures for research coker are reservoir/preheater/filter ‘
[ Test temperatures for other cokers are preheater|filter
Fuel paper-fiitered for standard coker, 0.45 micron for others }
All gas-drive coker tests in cokers 1 and 2 with CRC configuration
Fuel Coker Test Tube rating Filter* Coker Date
type temp,’F | Unwiped | (Wiped) [ AP,in. Hg | testno. | tested

f JP-7 Fuel G Research [ 200/500/600 2 )] 0.0 6016 | 11 Mar70
JP-7 Fuel G Gas-drive 625/700 <3 (2) 0.0 6066 | 27 Mar 70
625/700 2 2) 0.0 6063 | 27 Mar 70
650/700 <4 (<4) 0.0 6053 | 25 Mar 70
650/700 2 (3} 0.0 6054 | 25 Mar 70
650/700 2 2 0.0 6057 | 26 Mar 70
650/700 <4 3) 0.0 6060 | 26 Mar 70
: 7G0/700 >4 c4) 0.0 6049 | 24 Mar 70
; 700/700 >4 >4) 2.5 6051 | 24 Mar 70
AFFB-12-68 Research | 300/500/600 2 2) 0.0 6008 9 Mar 70
JP-8 Fuel B Standard 300/400 1 0y 02 3875 14 Jan 70
300/400 1 1) 0.3 5879 15Jan 70

1 .
i JP-7 Fue! C Research | 300/500/600 2 0] 08 6011 | 10 Mar 70
i PF-1 Research | 300/500/600 | <3 (<3) 0.0 6000 | 5Mar70

{
PF-1 Gas-drive | 625/700 2 (2) a0 6150 | 1May 70
625/700 2 (2) 0.0 6151 4 May 70
650/700 3 5 0.0 6140 | 27 Apr 70
650/700 2 ) 00 6144 | 28 Apr 70
650/7C0 3 ) 0.0 6147 | 30 Apr 70
675/700 4 (3) 0.0 6146 | 29 Apr70
PF-1A Research | 3G0/500/600 2 () 00 6004 6 Mar 70
PF-1A Gas-drive 600/700 2 (2) 00 5800 9 Dec 69
$25/700 4 (3) 00 5807 ¥ Dec 69
625/700 ! ) 0.0 SR10 9 Dec 69
650/700 2 ) 00 5806 & Dec 69
650/700 2 (3] 00 SK12 {0 Dec &9
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TABLE 31. FUEL COKER TESTS ON VARIOUS FUELS (Cont’d)
{
: !
Fuel Coker Test Tube rating Filter* Coker Date I a
type temp.°F | Unwiped | (Wiped) | AP, in. Hg | testno.| tested | !
PF-1A (cont’d) 675/700 1 (1) 6.0 5814 | 10 Dec 69
675/700 3 (<3) 0.0 5819 | 12 Dec 69
- 675/700 2 ) 0.0 5818 15 Dec 69
675/700 2 4 n.o 5821 | 15 Dec 69
700/700 3 (3) 0.0 5315 11 Dec 69
700/700 <3 (<3) 0.0 5816 11 Dec 69
JP-4 Fuel H Standa.d 300/400 1 (1) 6.7 5966 | 20 Feb 70
300/400 1 ¢}, 3.8t 5973 | 25 Feb 70
JP-4 Fuel H Gas-drive 250,350 2 (2) 0.1 6018 12 Mar 70
275/375 1 (n 0.3 6020 | 12Mar 70
275/375 2 ® 0.3 6023 | 13 Mar 70
275/375 2 (2) 1.1 6047 | 23 Mar 70
300/400 1 2) 169 6017 11 Mar 70
300/400 f n 0.4 6022 | 13 Mar 70
300/40C 2 (2) 48 6041 20 Mar 70 f
300/40¢ i 4} 24 6045 | 23 Mar 70
350/450 ! () 89 6014 | 11 Mar 70
JP-6 Fuel D Standard 425/525 2 )] 1.2 5904 23Jan 70 ‘
JP-5 Fuel E i Standard 300/400 1 1) 1.1 5959 18 Fecb 70
400/500% 4 4) 25.0 5954 17 Feb 70
JP-4 Fuel F Standard 300/400 | (1) 04 5923 3 feb 70
! 30)/400 1 () 0.7 6385 | 3 Aug70
JP L SA Standard 300/400 >4 4 24 5991 3 Mar70 1
3
JP4.84A Gas drive 300/400 ‘ 1 ) V.0 5675 26 Feb 70
I
350/450 | | (1) 0.1 5974 26 Feb 70
350/450 1 (1) i3 5987 2Mar 70 ;
375/475 N (1} | 250/106 | 5981 | 27 Feb 70
I 1757475 l th 250/151 | 5986 2 Mar 70 #
, 404/500 2 ) 250152 5971 25 Feb 70
i i 400/500 1 (n 25.0/51 5978 | 27 Feb 70
j
* 430/550 >4 (>4) 250/47 5972 25 Feb 70
lm e R S 4! i
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TABLE 31. FUEL COKER TESTS ON VARIOUS FUELS (Cont’d)

Fuel Coker Test Tube rating Filter* Coker Date
type temp, °F Unwiped | (Wiped) | AP, in. Hg | test no. tested
JP-7,70-2546 Research | 300/500/600 2 (2) 0.0 6172 | 14 May 70
JP-7,70-16 Research | 300/500/6C0 1 n 0.0 6169 | 13 May 70
JP.7,70-14, 13 Research | 300/500/600 2 (15 29 5952 | 16 Feb 70
JP-7, JFAS Research | 300/500/600 2 2) 0.0 5967 | 24 Feb 70
JP.7, NRSX-1 Research | 300/500/600 1 03] 0.0 6224 8 Jun 70
. JP-7, NRSX-2 Research | 300/500/600 2 (2) 00 6234 | 10Jun70
AFFB-13-69, #6 Standard 350/450 2 ) 1.0 5723 | 210t 69
375/475 1 () 2.3 5722 | 20 0ct 69
400/500%* 2 2) 13.0 5719 | 150ct 69
425/525 4 4) 15.8 5721 | 17 0ct 69
425/525 2 2) 25 5724 22 Oct 69
425/525 2 ) 1.6 5725 | 23 0Oct 69
425/525 <3 (N 38 5742 | 310ct69
450/550 3 <3) | 2500264 | 5720 | 16 Oct 69
: AFFB-13-69, #7 Standard 325/425 2 (1) 04 5799 3 Dec 69
350/450 2 (1) 2.1 5796 2 Dec 69
- 350/450 2 (1) 0.3 5801 4 Dec 69
f . 350/450 2 1) 0.3 5817 11 Dec 69
375/475 2 ) 40 5791 1 Dec 69
375/475 2 (1) 05 5805 5 Dec 69
375/475 2 H 04 5820 12 Dec 69
400/500 2 (1) 1.6 5808 8 Dec 69
425/525 2 (1) 83 5782 | 25 Nov 69
425/528 <3 2) 0.7 5811 9 Dec 69
450/550 <3 (1) 23 5785 26 Nov 69
450/550 <3 (1) 1.0 5787 28 Nov 69
450/550 <3 (2) 09 S813 | 10 Dec &
AFFB-10-67 Research | 300/375/475 1 (n 0.2 5726 23 0ct 69
300/375/475 ] (1) 0.2 5729 27 0ct 64
300/375/478 1 (1) 0.0 §73§ 29 Our 6Y
L 300/375/478 1 (1) 0.1 5741 3Oty
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TABLE 31. FUEL COKER TESTS ON VARIOUS FUELS (Cont’d)

Fuel Coker Test Tube rating _ Filter* Coker Date
type temp,°F | Unwiped | (Wiped) | AP, in. Hg | test no. | tested

d AFFB-10-67 (cont'd) 300/400/500 1 (N 0.0 5727 | 24 0ct 69
300/400/500 1 (1 0.0 5731 | 28 Oct 69
300/400/500 1 5 0.0 5740 | 30 Oct 69
300/400/500 1 5} 0.1 5743 | 3 Nov69
TS.70A, 77A.79A | Standard |  450/550 2 (1 04 5884 | 16 Jan 70
450/550 2 (1) 0.3 5888 | 19 Jan 70
450/550 2 2 7.2 5928 | 5Feb70
450/550 2 (2) 7.5 5931 | 6Feb70
TS.82A.86A.87A | Standard |  425/525 4 ) 04 5869 | 13Jan70
450/550 4 4) 0.6 5868 | 12Jan 70
TS.82A.86A,.87A | Gas-drive |  375/475 | 8} 0.0 5864 9 Jan 70

; 400/50 I 1 . 6 an
‘ 00/500 (1) 0.0 5665 9 Jan 70
400/500 2 (N 0.0 5867 | 12Jan70

|

E, 425/525 4 4) 0.0 5861 8 Jan 70
; 425/525 1 (1 0.0 5866 | 12Jan70
t 425/525 <4 (1 0.0 5870 | 13Jan70
{ 425/525 4 @ 0.0 5871 | 13Jan70
450/550 4 (3) 0.0 5863 | 8Jan70
475/575 4 ) 0.0 5858 7Jan 70
500/600 4 ) 0.0 5859 7 Jan 70
575/675++ 4 (4) 0.0 5855 6 Jan 70
600/700+t | <4 () 0.0 5856 6 Jan 70
675/700++ >4 (>4) 0.0 5853 5 Jan 70
675/700t+ >4 (>4) 0.0 5854 5Jan 70

*Pressure drop at 300 minutes unless otherwise noted.
s Prefiltration of test fuel for this test was by 0.45u Millipore instead of Whatman 2V.
i Preheater warm-up time 101 minutes.
* *Preheater warm-up time 41 minutes,

“H1 uel boiled; test pressure 270 psi.
A
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TABLE 33. AVERAGF, STANDARD COKER RATINGS ON FUELS FOR JFTOT PROGRAM

All temperatures are mean values based on the results of
4 raters unless otherwise indicated

Average deposit inception temperature, Composite
Run Tent *F, for color tating as indicated heater Filter®
na.  temp,°F 1-hr fati b {_bm_h_golln_!_l_'_l_-'_ AP, in. Hg
T ] : [ 3 ] 4 1 1 172 3 4 T | 24-hr
AFFB.3-64 fuel
$736 4507550 | 414 587 | 602t - 1392 |$83 |e6043 - | 602t | 604¢ 9.7
Std dev, °F 1389 1109 {10 - 1738 | 216 - - 10 - ’
€150 450/5%0 | 203 s6?7 - ~ | 248 | 568 | 5124 . - | 512t 230219
Svd dev, °F 5.3 26 - - 1847 |06 130.¢ - - 130.0 :
S75%  350/550 | 264 539 - - 1247 |s81 - - - - 243
Std dev, °F M5 | 367 - - 750 26 - - - -
$780 450/850 | 278 459 - - 200 {504 - - - - }25.0/282
Std dev, °F 149.0 | 830 - - |41 $3.6 - - - -
AFFB-4-64 fuel
S79x 328/425 | 3n1ee | 400%* | 319¢ | 368ee | 369 ] 335% - | 3193 | 3353 0.0
Std dev, °F 1.2 67,1 - - {260 [$22 - - - -
$73) 350/450 | w0 488 w | 483 [ 312 |49 [ 4gaee | 483 | 483 | 482 0.3
Std dev, °F 350 |94 -~ los 1001 {255 |00 0.6 0.6 0.0
ST00 380450 ¢ 335 [ 340 | 470°% | 475t [ 313 [ 422 | 467°° | 475%¢] 4TI 469 04
Std dev. °F 10 128 |2 - 1460 402 | 138 - e | 120
§773 3507450 | 249 | 328 [ 481g [ 4734 |28 }36S 481t - | 476%% | 481% 0.3
Std dev, °F 717 | S84 -~ 156 1072 |944 - - ] 6t -
’ AFFB-8-67 fuel
3754 so0/300 | o8 | e |98 - R S - 0.0
St dev, °F 778 = - . | 782 - - e
78 S24825 | sn 570 [ 87200 . | S36%t |477 | 5T2 w | 57200 | 572 13
Stddev, “F 450 |11 0.7 - ]474 1920 |06 - ] 07 0.6
a4 88 [ s | st - | 570 [S17 |85t w |87 | s70 |70 K
Std dev, °F 0 |10 ~ |00 437 |158 | - (00 0.0 0.0
763 4250825 | MM |4 538 $35 | 250 487 } s |33 528 22 s.6
Std dev, °F 217 |68y 6.2 65 (891 458 |29 14 6.2 24
AFFB-9-67 fuel
S746 378/978 | dom -~ - | 383 - - - - $0
Std dev, °F no - - | 106 - - - -
£730  400/%00 | 476 SIY | sdpee ] s42 | 484 514 141 | 542 | sS4 542 224
Std dev,°F iy |87 0.0 00 |36 196 (00 0.0 0.6 08
S50 J00/500 | 376 | IR I 536t | S36 | 409|447 | S36°% | 838 $34 838 206
Std dev, °F 1o | 1330 |36 41 |454 Jora Jie 3.5 28 33
$766  J00/$00 | 434 | 524%e [ sagee| 541 444 | 527 s36%* | 40 [ S39 | 537 25.0/184.6
Std dev, °F 36 [ 138 |29 o |ase Jro2 |3 1.0 30 19
RAF-174.03 fuelt
3719 3750478 | 07 [ 45300 | 450t | JR4¢ | H13ve [ 485 | 498t | 4993 | delse | goser 0.0
Std dev, °F 7.8 123 1332 [ Se6 |46 59 10 - | 320 |10
€782 784478 | 303 | aedee | Juses | . | dtaer [ U74 | d9ne | S02% | d9%ee| 408 00
Std dev, °F 15161 240 | 143 - ] 1498 |92 16 143 | 99
$702 74478 | 3 | 4 |44y w 380 050 |40 4463 | 447 ] a0 0.0
Std dev, °F enl | 22 10.6 w | R 188 |18 106 | 159
£778 0 A78478 ] s | 18 | AN | dmer | 390 ] d2aee fasies ] 476t | 4Be | 486 0.0
Std dev, °F N1e foR | 106 | A4 104 | 340 | M3 | 64 73 29,7

*Fitser 3P 2t W00 nur unfess atherwiw indicated. .

t Tempetature hesed on the results of two ratens; the other two raters mw no such deposit,
1t Fempoeatune hawd on the recults of one mter; the other theee Taters ww a0 such deponit,
¢ {emperatury hawdd on the rewsltn of theee rater: one mter Mw nn such depovit,

t Peacocking made rating Jifficutt for all tests on this fuel,
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TABLE 34. REPEATABILITY OF STANDARD COKER TESTS ON FUELS FOR JFTOT PROGRAM

Multiple test ratings
Average deposit inception temperature, Composite
Nur:;:te: of . Testop °F, for color rating as indicated heater
emp, 1-hr rating 24-hr rating breakpoint, °F
1 | 2 [ 3 | 4 t ]2 [ 3 | 4 1-hr | 24-hr
AFFB-3-64 fuel
4 450/550 | 290 | 543 | 603 - |271 | 550 543 - | 603 | 543
Mul std dev, °F 1239 | 656 | 0.7 - |119.0 | 427 1062 | - |07 106.1
Avg std dev, °F 90.7 333 |10 - 844 |248 |130.1| -~ (1.0 130.1
Ratio (avg/mul X100) | 73% |51% | 70% | — |71% |58% |123% | - |143% | 123%
AFFB-4-64 fuel
3 350/450 | 288 | 409 | 473 [478 |281 |415 |475 |481 | 477 | 476
Mul std dev, °F 66.5 | 700 | 126 {54 92.7 | 684 | 112 |35 |87 10.0
Avg std dev, °F 402 |37.0 | 11.2 |31 9.8 | 53.1 |69 06 |6.1 6.0
Ratio (avg/mul X 100) | 60% [ 53% | 89% |57% |75% |78% |62% | i7% | 70% | 60%
AFFB-8-67 fuel
3 425/525 | 425 510 545 |552 (425 497 551 552 | 554 55§
Mul std dev, °F 166.4 | 86.7 [ 253 |19.1 | 1516 | 1185|271 | 204|233 | 24.1
Avg std dev, °F 454 | 243 |35 |32 648 | 844 |18 37 |23 1.0

Ratio (avg/mul X 100) | 27% | 28% | 14% [17% [43% |71% | 7% 18% | 10% | 4%

AFFB-9-67 fuel

3 400/500 | 429 | 468 539 [540 [436 | 496 537 540 | 538 | 538

Mul std dev, °F 824 104433 |33 |439 |637 {36 |24 |37 |38
Avg std dev, °F 592 |545 |22 (14 349 |423 |24 15 |20 |27
Ratio (avg/mul X 100} | 72% [ 32% | (7% |42% [79% [66% |[67% | 63% | 54% | 71%
RAF-174-63 fuel
. —

4 375/475 | 333 | 439 | 467 [485 |[343 | 443 | 467 | 480 ; 471 | 471
Mul std dev, °F 947 (322 {264 |50 [79.0 |321 |321 |228/|256 | 309
Avg std dev, °F 773 1198 [ 172 |60 ({418 (169 | 157 |64 | 160 | 14.1

Ratio (avg/mul X 100) | 82% | 61% | 65% [120% | S3% | 3% | 49% | 28% | 63% | 46%
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TABLE 35. THERMAL STABILITY RATINGS IN ERDCO PRECISION COKER

Run |Thax. Filter Deposit inception ratings, 30-min (and 24-hr)
no. °F | AP,in.Hg [ Rating l Ist rater J 2nd rater l 3rd rater I 4th rater
AFFB-4 fuel
9 455 0.2 Code 1,°F | 368 (368) | 368 - 368 (368) | 368

Code2,°F | « - 399 (368) (457 - 459 (368)
Code 3,°F | 456 (457)| —~ (@61) | ~ — | — (454)

Coded,°F | - - - - - -

Max code 3 3 2 3 2 ) 2 ()
15 455 0.0 Code 1,°F | -~ (368) | 368 (368) {368 (368) | 441 (432)
Code 2,°F .| 368 (436) | 432 (430) | - - 456 (456)

Code3,°F | - o~ e e -

Code4,°F | - - - - - -

Max code 2 2 2 1 ) 2 (2

3 435 0.2 Code 1,°F | 352 352)} — -~ 352 (352) | 352 -
Code 2,°F | 407 (383) | 352 (352) | 436 (435) | — (352)

Code 5,°F | - - - - -

Coded,°F | = = | = o e |

Max code 2 2 2 Q) 2 1 Q)
12 | 435 0.1 | Cedel,°F | 351 (351)| — (351) | 351 (351) | 351 (351)
Code 2,°F | 413 (413) | 351 {417) | — (442) | 438 (436)

Code3,°F | = = | = = | = = | = -

Coded,°F | o o | oo o | | e

Max code 2 (2 2 () 1 2 (2

AFFB-8 fuel

7 | s40 0.0 Code 1,°F | -~ - -~ | 428 (428) | - -
Code 2,°F | 428 (428) | 428 (428) | — | 428 (428)
Code 3,°F | 527 (527) | 529 (529) 1529 (529) | 525 (5295)

Code4,°F | -~ - - - -

Max code 3 (3) 3 ) 3 (3 3 (3)
13 540 0.0 Code 1,°F [ 428 (428) | 465 (428) | 428 (428) | 525 (525)
Code 2,°F | 525 (525){ S28 (525) | - = 546 (546)

Code3.°F | - -

Coded.°F | - - - - - e

Max code 2 () 2 Q) 1 (1) 2 Q)

2 520 09 Code 1,°F | -« - . e
Code 2,°F [ 415 (415) | 415 (415) [ 419 (419) | 415 (479)
Code 3.°F [ $22 (52| s22 520 | = | 822 (522)

Code 4.°F | - o

Max code REE K1 ) RN )] 2d) I N




TABLE 35. THERMAL STABILITY RATINGS IN ERDCO PRECISION COKER (Cont’d)

Run | Tpmay, Filter Deposit inception ratings, 30-min (and 24-hr)
no. °F | AP, in. Hg Rating Istrater | 2ndrater | 3rd rater | 4th rater
AFFB-8 fuel (cont'd)
20 | S20 00 | Codel,°F | 415 (415)| - — | — (415) | — (517)
Code 2,°F | 520 (496) | 415 (415) |25 - |s522 -
Code3,°F| -~ - - e - -
Code 4,°F - - e -
Max code 2 () 2 Q) 2 1) 1)
AFFB-3 fuel
6 585 0.0 Code 1,°F | - - - - |46] (461) | 461 (461)
Code 2,°F | 461 (461) | 461 (461) | 549 500 (589)
Code3,°F | - - | 546 (549) | -
Coded,°F | - - - e - e - e
Max code 2 3 2 (D) 2 )
19 585 0.0 Code1,°F | - (461)| - — |549 (540) | 461 (461)
Code 2, °F | 461 (555) | 461 (461) - (585) | - -
Code3,°F | - - - - -
Coded,°F | — - - - - -
Max code 2 () 2 2 1 (2) 1 (1)
1 | ses 05 1 Codel,°F| ~ « | — — [447 (447) | — (504)
Code 2,F | 447 (447) | 551 (447) | -~ - 5583 -
Code3,°F | - - R - e
Coded,°F | - - - e
Max code 2 (2 2 Q) 1 (D) 2 ()
14 | 565 0.0 Code 1,°F | — (447) | 447 (447) | 447 (447) | 560 (560)
Code 2,°F | 447 (511) | 536 (559) | - -
Code3,°F | - - — e
Coded4,°F | -
Max code 20 2 Q) 1 (D ()
AFFB-9 fuzl
10 | 520 96 Code 1,°F | 315 {415) ! 415 (415) | 415 (415) | 415 (415)
Code 2,°F e 1459
Cude 3,°F| — - - e -
Code 4,°F | 472 (472) | 472 (472) | 515 (479) | 166 (d60)
Max code 4 @) 4 (4) 4 {4) 4 1)
1 $20 43 Code 1. °F S C 1 1) 2 R 415 (413) | 415 (4195)
Code 2.°F y 415 . | 418 (A1S) | . (449)
Code 3.7F | o | o [ L] 482 (4RD)
Code 4.°F | 489 (489) | S13 (499) | 489 (489) | .. ..
Max code 4 ¥ 4 W 4 ) 3 ('“J
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TABLE 35, THERMAL STABILITY RATINGS IN ERDCO PRECISION COKER (Cont’d)

Run | Tmux. Filter Deposit inception ratings, 30-min (and 24-b)
no. “F |AP.in.Hg | Rating l Ist rater [ 2ndrater | 3ed rater | 4th rater
AFFB-Y fuel (contd)
% 500 0.0 Code 1,°F {399 e 1399 (399) | 399
Code 2,°F (399) (399 (399) | - [ 433 (399)
Code 3,°F | 500 (500) | 500 (503) | 458 (502) | - -
Coded,°F | - - — e 1502 (502)
Max code RN K1) 3 (%) 3 (3 4 (@)
In 500 10.0 Code 1,°F [ 399 (399) | -- 399 (399) | 465 (449)
Code 2,°F | 433 399 (399) | - -
Code 3,°F | — .
Code 4,°F | 480 (480) | 442 (452) | 480 (480) | 477 (477)
Max code 4 (¥ 4 (4 4 (49 4 (4
RAF-174 fuel
5 485 10.0 Code 1,°F | 480 (480) | 480 388 (388) | - -
Code2,°F | -- - |388 (388) | — - | 388 (388)
Code3,°F | -~ -
Code 4,°F | 434 (484) | 480 (484) | 476 (484) | 482 (482)
Max code 4 (9 4 (9 4 (4 4 (4
16 485 10.7 Code 1,°F [ 388 (388) | 388 (388) | 388 (388) | 388 (388)
Code 2,°F | - - 421 - (486) | ~ -
Code 3.°F | -
Code 4.°F 487 (487) | 487 (487) | 488 (458) | 487 (487)
Maxcode | 4 (4 | 4 (@) | 4 @ | 4 (4
41 68 1.2 Code 1,°F | — - 1375 « 3715 3715)) - -
Code 2,°F {375 (375) {390 (472) | 386 (466) | 375 (375)
Code 3.°F {470 (471) |472 (472) | - | 470
Code 4.°F | -
Max code I ) 33 2 (D) RIE 04
17 468 0.6 Code 1,°F |« - - e 1375 (375) (435)
Code 2.°F [375 (379) 1395 2719y | - 465 -
Code 3."F | - .- -
Code 4."F | - . .
L Muax code 2 M 1 () 2N
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TABLE 36. AVERAGE THERMAL STABILITY RATINGS IN ERDCO PRECISION COKER

All temperatures are mcan values based on the results of 4 raters unless otherwise indicated

T L
Average deposit inception temperature. °F. -1 Composite heater Filter I
Run | Tmax» for color rating as indicated breakpoint, AP
no. | °F 30-min 1ating 24.hr rating °F in H
T 213 |4 T 2 [ 3 [ 4 |30mn b |E
]
AFFB-3
6 585 461* | 493 546t l 461* | 5041 | 5491 546 549 00
Std dev, °F 0.0 41.8 - 100 738
19 | 585 505*% | 461* - | 4871 | 534} >585 | >585 0.9
Std dev, °F 8.5 0.0 — | 456 | 647 -
1 l 565 447% | S17% 475% | 447* >565 | >565 0.5
Std dev, °F - | 60.6 - | 0.0
14 | 565 485 492% - | 475 335% >565 | >565 0.0
Std dev, °F 853 | 629 - | 565 | 339 -
AFFB-4
9 I 455 368 | 4381 | 456t 368* | 368* | 4571 456 457 0.2
td dev, °F 0.0 34.0 - 100 0.0 3.6 36
15 I 455 | 3921 | 419% ~ ] 384 | 441% >455 | >455 0.0
Std dev, °F 421 | 454 326 | 136
3 I 435 352t | 398% 352*% | 380 >435 | >435 0.2
Std dev, °F 0.0 | 426 - | 0.0 39.1
12 I 435 | 351% | 401% — | 351 | 427 >435 | >435 0.1
Std dev, °F 0.0 44.8 - | 0.0 14.2
AFFB-8
B T
7 | 540 | 4281 | 4281 | 528 - | 428% | 4281 | 528 528 528 0.0
Std dev, °F - 100 . - | 0.0 2.0 20 2.0
13 I 540 | 462 533% 452 532% >540 | >540 0.0
Std dev, °F 457 | 114 - | 485 | 121
2 l 520 416 522% 432 522% 522 522 0.9
Std dev. °F - |20 0 - | 314 0
20 l 520 415 | 496 4491 | 456 >520 | >520 0.0
Std dev, °F - | 837 — | 589 | 572
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FABLE 36. AVERAGE THERMAL STABILITY RATINGS IN ERDCO PRECISION COKER (Cont'd)

Average depuosit inception temperature, °F,

(omposite heater

; A ) . . Filter
Run | Thaw. for color rating as indicated breakpoint, AP
no. “F 30-min rating 24-hr rating ° in lig
| ] 1 N 3 [ 4 1 | D] 3] 4 30-min L24-hr )
AFFB-9

10 rszu 415 | 459¢ 481 | 415 - |47 481 472 9.6
Std dev, °F 0.0 0.0 227 1900 -~ 5.3 227 5.3

11 rszo 415% | 415* | 4821 | 4971 | 4151 | 432* | 4821 | 492f] 493 490 4.5
Std dev, °F 0.0 0.0 - 1138 [ 00 240 - |57 136 |69

K I 500 | 3991 | 416* | 486F | S02+ | 399% | 399% | S02% | 502+] 490 502 0.0
Std dev, °F 0.0 240 | 242 |00 - |00 1.8 0.0 214 1.3

1% | 500 | 4211 416t 470 | 4161 | 399+ 472 470 472 10.0
Std dev, "F 81| 240 186 | 290 | 0.0 13.5 18.6 13.5

RAF-174

5 [ 485 | 4491 | 388+ 480 | 438* | 388* 484 480 484 10.0
Std dev, °F 5321 0.0 34 65.0 | 0.0 1.0 34 1.0

16 I 485 | 388 | 421+ 487 | 388 | 486t 487 487 487 10.7
Std dev, °F 0.0 0.5 0.0 05 0.5 0.5

3 l 465 | 375* | 382 | 471% 375+ | 422 | 472* 471 472 1.2
Std dev, °F 0.0 7.7 1.2 0.0 470 | 07 1.2 0.7

17 | 465 | 375t | 4051 405*% | 375* >465 | >465 0.6
Std dev, °F 63.7 424 | 0.0

*Temperature based on the results of two raters; the other two raters saw no such deposit.
t Temperature based on the results of one rater; the other three raters saw no such deposit.
t Temperature based on the results of three ra.ers; the other rater saw no such deposit.
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TABLE 37. RATINGS WITH ALCOR JFTCT IN CRC EVALUATION TESTS
\

Test pressure 300 psi for all tests; Dutch-weave 17u in-line filter

Run
no.

TmIX‘

Filter
AP, in. Hg

Deposit inception ratings, 1-hr (and 24-hr}

Rating l 1st rater l 2nd rater l 3rd rater l 4th rater

AFFB-3 fuel

96

660

10.0

Code 1, °F
Code 2,°F
Code 3,°F
Code 4,°F
Max code

614 (614)
>4 (>4)

— (613)
— (614)
634 (615)
618 (018)
>4 (>4)

613 (613)

614 (614)
>4 (>4)

612 (612)
>4 (>4)

88

640

14

Code 1,°F
Code 2, °F
Code 3, °F
Code 4,°F
Max code

596 (592)

(592)

597 (596)

640 (640)
4 4

597 (596)

598 (557)
>4 (>4)

(597)
597

637 (598)
>4 (4

592 (592)
638

640 (638)
>4( (>4)

AFFB-4 fuel

91*

520

30

Code 1,°F
Code 2.°F
Code 3,°F
Code 4, °F
Max code

429 (435)
485 (483)
495 (485)
507 (505)
>4 (>4)

P (P
PP
491 (501)
501 (508)
>4 (>4)

407 (386)
463 (445)
501 (501)
511 (511)
>4 (>4)

436 (436)
P (P
494 (491)
505 (507)
>4 (>4)

99

500

10.0

Code 1,°F
Code 2, °F
Code 3,°F
Code 4,°F
Max code

412 (412)

492)
495 (499)
4 4

405 (400)
492 (492)
495 (495)
498 (497)
4 4

400 (390)
495 (492)
498 (498)
>4 (>4)

412 (390)

492 (492)
>4 (>4)

AFFB-8 fuel

98*

570

10.0

Code 1,°F
Code 2,°F
Code 3,°F
Code 4,°F
Max code

567 (567)

569 (568)
>4 (>4)

567 (568)

568 (569)
>4 (>4)

569 (567)

569 (568)
>4 (>4)

566 (566)

565 (568)
>4 (>4)

924

550

10.0

Code 1,°F
Code 2,°F
Code 3,°F
Code 4.°F
Max code

(537)
539
537 (535)

<4 (<4)

536 (537)

534 (539)
4 4

(493)
538 (534)

<4 (3

539 ...
5§37 (539)
e (534)
5§34 .




TABLE 37. RATINGS WITH ALCOR JFTOT IN CP.C EVALUATION TESTS (Cont’d)

Run | Tipans Filter Deposit inception ratings, 1-hr (and 24-hr)
no. ¢ AP, ia. Hg Rating Tstrater | Indrater | 3rdrater | 4thrater
AFFB-9 fuel
() 335 10.0 Code 1.°F | 395 (399%) 344 (395)-‘ 495 (495)
Code 2,°F 1493 (493) | -- 493 (493) | 498 (498)‘
i Code 3,°F | 504 (504) | 498 e | 498 (498)
l Code 4.°F | 510 (512) | 505 (504) | 504 (504) | 505 (505)
| Maxcode | >4 (54) | >4 (O4) | >4 (>4) | >4 (>4)
|
‘)77 S15 10.0 Code 1.°F | 474 485 (485)
‘ Code 2,°F | - - 496 - 496 (504)
! Code 3.°F | 504 (496) | 506 (506) | 506 (507) (504)
‘ Code 4,°F | 508 (511) | 507 (509) | 507 (508) | 485 (S08)
Max code >4 >4) | >4 CH) | >4 (>4) | >4 (C49)
RAF-174 fuel
94 563 0.0 Code 1,’F [ 506 (506) | 495 (495) | 506 (5006) ] 506 (513)
Code 2,°F | -~ -
Code 3.°F | - -
Coded,’F 513 (513) | 518 (518) | 519 (513) | 513 (520)
Max code >4 Od) | >4 OhH | >4 O4) | >4 O
93 | 545 00 Code 1,°F |505 (504) | 505 (505) | 505 (505) (505)
Code 2,°F | - -
Code 3,°F | -~ -
Code 4,°F [509 (508) | 509 (508) | 509 (510) | 509 (508)
Max code >4 (>4) (>4 (>4) | >4 >4) | >4 O
RN SO0 (.0 Code 1,°F |495 {(496) | 496 (495) | 497 (497) | 496 (495)
Code 2.°F | -~ -
Code 3.7F | - -
Code +.°F [497 (498) | 498 (498) | 498 (499) | 497 (49%)
Maxcode | >4 (O4) | >4 (>4) | >4 (>4) | >4 >4

*Peacocking noted on the heater tube. P denotes peacocking rating. If no “P" is given, then peacocking
oveurred un g regron ot the tube beyond the me xtmum rating.
as bryond the tube's hottest point, but was within 0.7 in. of the hottest

= The deposit volor Yor this test

point

tHeavy peavocking noted on the heater tube.

122




TABLE 38. AVERAGE RATINGS WITH ALCOR JFTOT IN CRC EVALUATION TESTS

All temperatures are mean values based on the results of 4 raters unless otherwise indicated

Average deposit inception temperature, Compaosite 3
Run Tmax» °F, for color rating as indicated heater . Filter
no. °F 1-hr rating 24-hr rating breakpoint, "F | AP.in. Hy |
IR [ 4 I [ 4 Thi | 24hr !
AFFB-3 fuel
96 l 660 613* 614* 614 613t 614> I 6157 614 614 614 10.0
Std dev, °F 2.6 0.0 2.6 1.2 1.3
8 [ 640 596% 572* 6101 629 5951 592t 596* 618 608 607 1.4
Std dev, °F 1.0 23.7 205 26 0.0 24.0 203 0.5
AFFB-4 fuel
—T T
Qpx* ‘ 520 4241 474t ! 495 506 419% 464t 494 508 495 494 30
Std dev, °F 13.1 15.6 4.2 4.2 28.6 259 79 2.5 4.2 7.9
99 ' 500 407 492+ 495+ 496 398 492+ 4931 496 494 493 10.0
Std dev. °F 5.8 0.0 29 10.4 1.7 3.2 20 1.5 |
.__1
AFFB-§ fuel
QR ** 570 567 568 567 568 568 568 1G.0
Std dev. °F 1.3 08 08 0.6 08 0.6
92++ ‘ 550 538+ $38¢t §38% 534+ 5221 535* 5341 534* 536 534 10.0
Std dev. °F 22 1.4 1.0 0.0 254 0.7 21
AFFB-9 fuel
QQ** , 5358 4113 4951 ] 5001 500 4281 4951 501+ 506 501 S02 10.0 i
Std dev.”F 758 29 35 27 57.7 29 4.2 39 34 31
w7 l 515 480+ 496t 5051 502 4K5* 504* 503 S09 500 503 10.0
Std dev. 'F 7.8 0.0 1.2 11.2 1 5.0 14 10.2 5.0
RAF-174 fuel
-
D431 I 565 503 516 508 Ste Ste 516 0.0
Std dev. °F 5.5 32 7.4 - 36 32 30
BRES I 54§ 50¢ S09 505 508 509 SO8 0.0
Std dev.°F 0.0 0.0 0.6 1.2 0.0 1.2
9st: ] 500 496 498 496 398 49K JU8 0.0
Std dev. “F 0.8 0.8 1.0 0.6 0% 0.0
* Temperature based on the results of one rater; the other three raters saw no such deposit
| emperature based on the results of twa raters; the other (wo raters saw no such deposit
Llempurature hased on the results of three raters; one rater saw no <uch deposit.
° *Peacocking occurred on the heater tube for this test.
the depost color for this test was bes ond the tube’s hottest point, hut was within 0.2 in. of the hottest point.
“Hteavy peavocking occurred on the heater tube for this test.
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TABLE 39, THERMAL STABILITY OF TURBINE ENGINE FUELS IN ALCOR JFTOT

Test Pressure 350 psi
Dutch-weave 1 7u in-line filter followed by 0.454 filter

| Heater temperature, °F, for Heater Filver*
i Ku T first color rating as indicated breakpoint, ap Coker Date
[ + 1-hr Tating 24-hy rating ‘¥ in Hg no, tested
! T ET Tl’ E) f L Il 3 T 4 |-hx[24-hr
; 1 L
| 714 JP-7 fuel
b B ——
[ nione LoHy ] 888 st - 555 REL3 ¢ >T00 | >700 006 L] 28 Jul 70
! |
i 1
R ERCEY AT o . R R TV} w00 >0 | 00 ¥ 20 Jul 70
. -
. 7017 JP-7 fuel
b -
Potn g jae? et N FPOR w700 >700 | GO [ 31 Jul 70
Poiso o T ate a7 . 199 >700 | >700 0.0 8 3 Aug 70
| | |
lr 7018 JP-7 fue!
' T
TR T R VT N - { 476 642 .- >7001 >700 0.0 B 1 Aug 70
i 3
TR ) in7 l l . e . >700] »>700 | 00 ¥ S Aug 70
‘r- OF JP4
p—— -
1‘ BTN S50 - T it - I 974 3P0 [ 47547 | 311 RIZ 10.0/ 169 9 21 Aug Tu
|
H
ol NUTRE TR W0y 673 - 1881 M0 RV 367 lou 0.15 9 17 Aug 70
ot 430 . o 350 ] 208 150 350 | 350 0.0 9 14 Aug 70
f
i
I 6428 428 - I3 [EE34 . - 941 48 345 145 0.0 9 1% Aug 70
o3l 225w W05 [EESS - 300 423t | 338t a8 338 0L v 20 Aug 70
lod40 1 428 o | amat | oasap ]| - e | oaway | o3sar [ oo 354 | e 0.0 5 124 AR 70
i
Dok RIRE R 144y - 415 | 387+ 328 >8] ils 00 X 26 Aug 70
|
IETIN EILT] 240 ( - 240 >400 | >0 0.0 v 13 Aug 70
{4 o0 {Trp s - - B EIREL] >400 [ >400 090 B 19 Aug 70
! nadd W sty | 2ies 1 e [EE SRR TN . 400 >400 | 00 X 15 Aug 70
: a 1
: DR JP-4
[ans ™ T T T 5,
S S NS - Sol) kL ] 560 Seh | Sot 0.0 s 1 8ep T : *
| i i
T A R LS s44 | S40 E s | 547 40 | s47 0.0 n 28ep 0 3
[ T Y } st SN - EETY S48 | S35t | sy | sam 0.0 ] 4 8ep 70
od L sa | " 4x2 L T . | >80 »8a0 | Lo % Thep TO 3 4
BEEE AR B 11 1 ] a3 4lote - an N R A S B A tt (X)) ~ N Sep 74
Cedwn S0 \’ | 4s0) . 480 >3840 >80 oy 9 X Sep 760
e Do i NE) { Y . ~830( >-S30 [4X1] 9 P 8ep /0
Sl RN L NI RS T ; 480 . . EARAN I 008 “ 2 8ep 70
o [ 1 EATY ‘ i I 4356 RATUIEEERLTIN] ] b
) ) “ o L V A‘ L l | .. - T " { » 1 _\cp 7(]
HR JP4 s
- R —— — - —r
i RN . AN | 45 - . AR STy 571 10067 -' IN Aug 70
; .
oy DR HISER YY) ‘ 1Sy 1 Wyl | o0 j st LK (] 10062 “ HAug T0 {
‘ » w :
P N e i : 14% sw | T I T T TR N A I R T
i ' ! i [ 4
b AN IR ‘ | leltt ‘ SR SN 000N “ {Sep 0
|
i ! l t i
1is Y NI N 1 ! : MY I SR S [ o N W] -
RER) [N T N -4 =N o " A o o
o e 0 T Trire RN oo Rl A v
- - . B e PR VY S —— — kLA - am— .‘
SO s Ty AV 0 e ey s iRt i iR aled !
v s ey agter colant apply s oslem Faleed
Mas Wt e et kel ond o Ihe tube Wiwen nde JEpouts iuug upaRean kot to the |,y poent ¥
. Caan TE camater agtet cadant agpph svatem fled
.« " AT ey and e Do potnt 11 a0t ased i hreakpint JeRepmingten ¥
et ] gy e teepetalare deterruined By interpolation
.
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TABLE 40. STEP-TEMPERATURE READINGS FOR ALCOR JFTOT :

Test | Wattage reading at indicated time AP, in. Hg at ]
time, | '5';:"’ interval following warm-up to Ty oy 15 min following | Velts ‘
min Watts 5 min l' Aw* ] Watts 15 min J aw* warm-up 10 Tryax
S Ao
Test no. 129
0 70 .- 60
1.1 400 1C5 e 60
15 400 100 5 100 0.0 70
30 425 107 7 108 8 .0 70
45 450 115 8 115 7 u0 70
60 | 475 122 7 122 7 0.0 70
75 500 131 9 130 8 0.0 70
90 52§ 138 7 138 8 0.01 70
105 550 145 7 145 7 0.05 50
120 575 150 5 150 5 0.1 80
135 N0 158 8 158 8 0.23 80
150 625 165 7 166 8 0.47 80
165 650 172 7 172 6 1.07 80
180 675 180 8 180 8 25 80
195 700 188 8 188 8 36 90
Test T Wattage reading at indicated time AP. in. Hg at
time, TE"' interval following warm-up to Ty ax 10 min following | Volts
min Watts 5 min l Aw* I Watts 10 min AW* | warm-up 1o Ty ax
Test no. 130
0 72 60
1.1 400 107 60
10 400 101 6 101 0.0 60
20 425 109 8 109 8 0.0 60
30 450 116 v 116 7 0.0 64
40 | 475 123 7 122 6 0.0 60
50 500 130 7 ! 130 8 0.0 70
60 | 525 137 7! 137 7 0.0 70
70 550 144 7 144 7 0.0 70
80 575 150 6 150 6 0.04 80
99 600 158 8 158 8 0.12 80
100 625 166 8 166 8 0.3 30
110 650 172 6 172 6 0.7 80
120 675 180 8 180 8 1.3 81
130 700 187 7 187 7 158 84
Test T Wattage reading at indicated time AP, in. Hg at
time, 'l‘;"' interval following war-_ 1p 10 Tmax 1S min following ; Volts
min Watts € min I AW‘IWans 30 mﬂ’AW‘ [ Watts 60 min TAV warm-up to Ty,
—_—
Test no. 131
0 72 | - 0.0 80
51 500 126 T - 0.0 &0
30 | 500 - 130 | 0.0 K0
60 | 500 e 13 Lo 0.0 K0
o5 | 528 138 12 - 0.01 K0
90 52§ - 138 5 ¢ oS X0
120 | 828 L , 0 ' ko
125 | s%0 147 9 | 015 P xo
150 | ss0 146 R : 03 Y
180 | 580 - ! 146 K 05K N
I8S 578 15t 4 o 0.07 %0
Mo |os7s 151 s e 12 X
240 578 e ! 15) s 28 Ky
245 [ 600 154 3 .. . | 147 CoNo
270 600 [ 157 [ P K HEH))
00 o0 L .. 1ol ! I . N0
l. *Wattage difference botwer:: reading at indicated tevt time and prior wetlage reading |
- . — e ———— e e _ B R




TABLE 41. MULTIPLE TEMPERATU/RE PROFILES IN ALCOR JFTOT

Test | . Tube temperature at indicated -listance from fuel outlet, °F
time, l.m Coker Inches frorn fuel outlet
min | "7} " [0X5[6.30 [ 0.40 [ 060 [ 110 [ 140 [ 1.70 200 [2.20 [2.35 1085
Tmax 400°F
U — i ‘ : — -
60 | 0447 ] 300 | 317 | 359 | 3¢ ;203369 | 320 (277 - 206 | 397
120 400 | 217 1 361 | 387 | 395 | 371 | 550|279 - |209 | 400
180 400 | 317 | 359 | 386 | 393 | 309 | 329 [278 ' - 208 | 397
240 490 | 216 | 360 | 388 | 395 | 372 | 331 | 280 210 | 400
290 ) ) 400 | 318 | 359 | 387 | 394 , 370 | 331 | 280 209 | 399
Average temp, 'F 400 | 317 | 360 | 387 | 394 | 370 | 330 | 279 208 | 399
Std dev, ¥ 0.0 | 07 1.0 | 09 i) 1.3 | 09 1.3 1.6 1.6
ot 1 0412 9 400 {322 [ 362 | 385 | 392 | 37G | 332 | 280 ) 238 - | 400
120 400 | 321 | 363 | 387 | 293 | 371 | 333 1283 |240 - | 402
1X0 400 | 320 | 362 | 384 | 392 | 370 | 333 | 283 | 240 - | 400
240 400 | 322 | 361 | 386 | 393 | 372 | 336 | 2383 | 243 - | 401
29¢) 400 [ 323 | 360 | 386 | 393 | 370 | 334 | 283 | 242 -- 1400
Average temp, F 400 | 322 | 362 ] 386 | 393 | 371 | 334 [ 282 | 241 -~ {401
Std dev, °F 0.0 1.2 1.2 1.2 | 0.7 1.0 1.6 1.2 22 1.0
60 | 6420 Lo 400 | 320 | 362 | 387 | 394 | 37" [ 335 | 280 | 238 401
120 400 | 323 | 360 | 386 | 394 | 373 [ 336 | 282 1239 401
180 400 | 320 [ 360 | 385 | 393 | 373 | 335 | 282 | 238 -} 401
240 400 | 321 | 363 | 387 | 396 | 375 | 338 | 283 | 240 - 1402
w0 | 400 | 323 | 361 | 487 | 394 | 374 | 336 | 284 [239 | - 40l
Average temp, F 400 | 321 | 36l | 3806 | ¥ 373 | 336 | 282 | 239 - | 401
Stdhdev, F 0.0 1.6 1.3 1.0 1 ! 1.2 1.2 1.5 0.9 0.5

Tmax 415°F

o0 Toedd7 N 415 327 73727300 [ 410 © 386 | 344 [ 291 | — 1215 [414
120 SIS | 320|372 401 ] 411 | 386 t 346 293 | . {217 | 414
N0 CAIS | 326 [ 373 398 | 407 | 384 | 344 [ 200 | - 218 | 413
240 ’ 1S [ 320 | 3731 400 | 413 0 388 [ 30 [ 294 | o | 28 [ 4IS

0 } Lo pA1S 3 137100400 | 410 | 387 | 347 | 203 | . 1220 | 414

\verge temp, b | 1S 327 ] 372 400 ) 410 P 386 1 348 202 208 | 414

Std dev, b LU T T VX . Y T I 1 T (S I I I A
i J . ' : A

Ty 425°F

o0 o0 N 2 DA s T4 a0 [ 07 354 200 | 220 4m

10 EOR S R0 20 B AU I B U FU YR T N 1Y% A U B LT B I X

N0 RASTI IR RTN BE RN S RIS TR BT R SCRY B I IO A IS

Y10 2 ks 4 ; di0 [ 303 L3S0 | 208 | . | 224 AN

RTH A 2<-ﬁ"j§3\‘_j§j_+_4ll 420 [ dex fasy e o [ 1427
W temp, b BEEERE SR PR AR TSN AEYIN ATTIN AENY RN BT BRI S IR X

NN oo {2 b tbaxtee bas v j1o o e [T
! I S A e ,
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TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

’_Test Tube temperature at indicated distance from fuel outlet, °F
. Test | Coker
t:lr)e no. ne. Inches from fuel outset -
min 0.85 I 0.20 L0.40 fo.sﬂ 1.10l1.40 Ll 70 I 2.0011 2.2(12.35 1 0.85
Trmax 425°F (cont'd)
1
60 | 6425 9 425 | 345 [385 |412 {418 | 394 | 353 | 300 | 255 { 426
120 425 | 343 387 | 411 | 417 | 393 | 354 | 298 | 253 -~ | 426
180 425 { 340 385 | 413 | 420 | 395 | 354 | 300 ! 255 - 1425
240 425 | 345 1389 416 | 420 } 393 | 353 | 297 | 256 -~ 425
290 425 | 343 385 1412 {416 | 393 | 354 | 301 ] 254 -~ 425 -
Average temp, °F 425 | 343 | 386 (413 | 418 | 394 | 354 | 299 | 255 - 425
Std dev, °F 00| 16 |18 |19 (16 ['0[07 [16 |12 -~ 07
60 | 6431 9 425 | 337 | 383 {409 | 418 | 393 | 355 | 300 | - . 356 426
120 425 | 339 [382 | 410 | 418 | 394 | 353 {300 | -- | 255 42
180 425 ) 338 1382 | 411 | 418 | 295 | 354 | 299 - | 255 425
240 425 | 339 382 | 410 | 419 [ 395 | 355 | 301 | - | 257 425
290* WU O T D T T S
Average teinp, F 425 | 338 (382 1410 | 418 [ 394 | 354 | 300 256 - 426
Std dev, °F 0.0 1.0 0.2 0.2 0.2 1.0 1.0 0.2 1.0 0.2
60 | 6441 9 425 | 346 |388 | 412 | 415 | 390 | 346 ! 290 | a6 - 425
120 425 | 345 |387 413 | 417 | 391 | 348 | 293 | 248 - 425
180 425 | 346 | 387 | 412 | 416 | 390 | 347 | 294 | 248 - 426
240 , 425 | 346 |388 | 414 | 417 392 (349 [ 294 | 250 | . | a2
290 425 | 344 (387 [4i2 | 416 [390 | 349 | 292 & 251 L 425
Average temp, °F 425 [ 345 [ 387 1413 | 416 [ 391 | 348 | 293 | 249 - 426
Std dev, °F 00 | 1.0 |07 LI.O 09 {10 |13 [17 |220] « 10
Tmax 450°F
60 [6417 | 9 | 450 © 363 1410 | 438 | 443 (416 | 370 | 310 | 202 | ~ a5y
120 ] ’ 450 363 | 408 | 437 | 441 | 414 {370 | 312 | 262 150
180 I 450 | 361 |410 | 438 {442 | 413 1370 | 312 ! 2063 450 /
240 450 | 362 | 409 | 439 | 440 | 415 | 372 | 313 | 263 450
290 ﬁ 450 | 363 [409 | <35 442 [ 415 | 373 | 314 | 263 440
Average temp, °F 450 | 362 1409 437 442 415 | 371 L 212 | 263 — 450
Std dev, °F 00 ! 1.0 [0y |13 |12 |12 j 14 12 tor !l o 0
60 16444 | 9 450 | 358 }!408 435 [ 440 | 413 ) 370 | 308 | 256 444
120 450 | 360 406 433 | 447 413 ] 368 | 310 2SN w48
180 ’ 450 | 2ol | 408 435 | 4l (14 370 | 310 ) o2ss . 450
240 ! 450 | 3o 1406 a3 | 432 413 {270 310 |00 | o 450
299 . | 450 | 362 407 | 435 ] 243 414 371 33| 262 450
Average temp. °F | 450 | 360 407 | 338 443 |93 1390 _il‘ovqi NI ST
Std dev, °F 00 1 1S 10 ! 08 2 los , DR IR -
Bl i R LA S U
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TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd)
E Test ‘ \ Tube temperature at indicated distance from fuel outlet, °F
time, Test | Coker ; Inches from fuel outlet j
i | "1 TORSTT020 1040 [060 [ 110 [T40 170 [200[ 220 [235 085 :
Tmax SO0°F
60 6345 K500 | 384 {446 | 479 |492 462 |414 | 348 | - | 266 | 500
120 ; | 500 | 384 | 446 | 4860 | 198 470 [418 |353 | - [271 | 503
180 ! 500 | 386 | 446 | 483 |496 |465 | 417 | 350 | - [271 |50l
240 500 | 386 | 447 | 481 (496 [466 | 417 | 352 | -~ | 268 | SOl
290 | 500 | 386 {446 | 480 | 492 [464 | 416 | 348 | - | 267 | 300
Average temp, °F S00 | 385 | 446 | 482 [495 [465 | 416 [ 350 | — |269 [ S0:
Std dev, °F 00 | 1.1 |05 |28 [27 ;31 |16 |23 | - |23 12
o ;04(-,3 8 | 500 402 | 456 | 486 [491 |456 |403 | 338 | - |247 | 499
120 | 500 403 | 455 ' 487 {491 |458 | 406 | 339 | - |248 | SO0
180 500 401 | 453 | 485 |48 |455 | 402 | 337 | -~ | 245 |49y
, M40 i 500 405 |455 | 486 [491 |458 | 405 | 338 | -~ 1250 | S00
: 0, | 500 401 |454 | 484 |489 |457 |405 | 337 | - | 251 | 498
F Average temp, °F 500 | 402 455 | 486 [490 |457 |40 | 338 | - 249 499
Std dev, °F 00 ' 17 [ 12 [ 12 [y | is |16 |09 ] «— 116 |09
i | {
I 60 [6d448 9 1500 401 | 453 | 480 | 490 |456 | 404 | 338 | 282 | -~ | 500 :
120 { S00 403 | 454 | 485 |490 | 458 | 406 | 340 | 283 | - | 500 j
180 500 404 | 452 {484 |488 [459 | 408 | 239 | 284 | - | 501
240 500 1401 | 453 | 483 [488 |458 | 407 | 341 | 285 | - | 500
20 [ 500 403 | 454 | 486 490 |460 | 407 | 342 | 286 | - | 498
Average temp, °F S00 | 407 453 | 485 [489 [458 | 406 | 240 | 284 -~ | 500 :
Std dev, 'F 00 [ 14 09 | 13 |10 {15 |16 |16 16 | —~ | 11 P
g 60 [642t 1 9 1500 | 307 450 | 487 [488 [459 | 409 | 340 | 292 | - | 501
i 120 .! S00 | 406 455 | 485 [ 487 (457 1407 | 342 | 291 | - | 500
180 ! 500 1404 458 | 489 {490 [460 | 409 | 343 | 291 | . 1502
240 | f 500 [ 408 459 | 488 | 489 [461 | 412 | 345 | 295 | - | 500
200 : 1500 407 454 | 485 (488 [461 | 410 | 346 | 295 | ~ 501
Average temp. F 7500 [ 400 | 456 [ 487 (483 [460 | 409 | 343 | 293 | - [ SOl
Std dev, F P00 Do 2 fas [ 17 1o 24 e | - | 09
Tmax SI0°F
G0 [O328 K 10389452489 S04 1473 | 420 | 354 | | 268 | SO8 £
o | D SI0 | 392 | 453 [ 492 | 505 [474 | 423 | 359 | - | 265 | 510 P
180 j 1 D510 1304|451 | 492 | S04 | 475 423 1359 | — | 272 | 510
240 4 l S10 | 387 | 448 | 486 [ 503 [475 | 424 | 360 | -~ | 265 | 507
200 [ 1510 [390 [452 [ 493 | 5G4 475 [ 425 | 361 | - [277 | 50%
\verage temp, F D510 1390 1457 [ 490 | 564 [ 474 [ 423 [ 359 [ {269 | 509
Stldev, F 00 L2719 20 107 o | te |27 ] - LS

i ian S TG A N
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TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

Test Test | Coker Tube temperature at indicated distance from fuel outlet, °F
time, ’ Inches from fuel outlet

min | " | "® 085 [ 0.20 [0.40 [ 0.60 [1.10 | 1.40 [ 170 [ 200 [ 220 | 233 [ 085

Tmax S10°F (cont'd)

60 | 6337 8 S10 | 395 | 457 | 492 | 503 | 471 | 417 | 349 268 | 507
120 510 | 393 | 454 | 493 505 | 472 | 420 | 352 271 | 512
180 510 | 396 | 456 | 493 |507 |473 | 422 | 353 270 | 512
240 S10 | 395 | 453 | 487 [499 | 471 | 418 | 353 262 | 508
290 510 | 394 {453 | 492 | 507 | 474 | 421 | 357 274 | 512
Average temp, F 510 | 395 {455 | 491 |504 | 472 | 420 | 353 269 | 510
Std dev, °F 0.0 19 2.3 25 33 1.3 2.1 29 45 2.5

60 | 6342 8 510 | 392 451 | 491 504 | 474 | 422 | 356 271 | 508
120 510 | 392 | 454 | 493 506 ! 476 | 424 | 357 278 | 307
180 510 | 392 | 453 [4Yy 505 | 474 | 423 | 357 275 | 509
240 510 | 392 | 453 | 491 |506 | 475 | 426 | 358 275 1 510
290 510 | 394 1453 | 492 | 508 | 480 | 428 | 362 277 1 510
Aven@etmnp,cF S10 | 392 (453 | 492 (506 | 476 | 425 | 358 275 | 509
Std dev, °F 0.0 1.0 1.1 1.0 1.5 2.5 2.4 23 2.5 1.3

60 | 6349 8 510 | 392 | 4. 487 (501 | 473 | 419 | 354 257 | 307
120 510 1 393 454 {492 |S04 | 473 | 423 | 355 265 | 509
180 510 1 391 |453 ;490 |503 | 471 | 420 | 353 261 | 510
240 510 | 391 | 452 45 1497 | 468 | 418 | 351 257 | 509
290 510 | 393 1453 | 439 | 501 | 469 | 417 | 353 259 | 509
Average temp, F 510 | 392 | 453 | 489 |501 | 471 | 419 | 353 260 | 509
Std dev, °F 0.0 1.1 1.2 1.9 2.7 2.3 2.3 0.9 3.3 1.1

Tmax 525°F

60 | 6325 8 525 | 414 475 {512 |519 | 489 | 431 | 359 271 | §25
120 525 | 410 [472 | 507 |517 | 483 | 427 | 359 276 | 525
180 525 | 413 [ 473 | 511 (520 | 484 | 431 | 360 277 | 52§
240 525 | 406 | 470 | 505 {517 | 484 | 430 | 362 275 | 525
290 525 | 410 [469 [ 510 [520 487 | 432 | 362 272 | 525
Average temp, °F 525 | 411 472 | 509 (519 | 485 | 430 | 360 274 | 525
Std dev, °F 00 | 3.1 24 29 1.6 28 1.9 1.6 26 | 0.0

60 | 6332 8 525 | 403 | 468 | S08 |521 | 489 | 432 | 366 273 ) 523
120 525 | 406 | 470 | 507 |520 | 489 | 435 | 366 281 | 525
180 525 | 404 | 465 | 506 {519 | 489 | 428 | 368 286 | 525
24C 525 | 404 463 | 504 |518 | 488 | 438 | 370 285 | 525
290 525 | 402 {467 | 507 |S19 | 489 | 441 | 370 284 | 522
Average temp, °F 525 | 404 [ 467 | 506 |519 | 489 | 437 | 368 282 | 524
Std dev, °F 0.0 1.5 2.7 1.6 1.2 0.5 3.7 2.0 5.3 1.4
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TABLE 41, MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

Fl'csl ] , Tube temperature at indicat~d distance frum fuel outlet, °F
Test [ Coker
nn‘\c. o, o, - - l‘nches from fuel (:u;:)el S ERIYT
’.-l_lil-ll 0.85 10_0 | 0.4040.00 il.lo | 1.40 1 . | 2. ‘ 2. ﬁ |0
Tomax 325°F (cont'd)
00 | 0339 | % 1325 ] 399 | 467 | 506 | 521 | 490 | 437 | 369 278 | 523
120 ‘ 525 | 399 | 465 | SO5 | 517 | 489 | 435 | 367 282 | 523
150 525 | 402 | 467 | 505 | 517 | 487 | 435 | 367 284 | 523
240 525 | 401 | 467 | 503 {511 | 487 | 434 | 368 282 | 523
| 290 ' 525 1399 | 408 [ S07 [522 | 493 [ 443 | 373 285 | 522
Average temp, 'F S25 | 400 | 467 | 505 |SI8 | 489 | 437 | 369 282 | 523
Std Jev, F 00 | t4 |ty |15 {42 |28 |36 |25 27 | 05
60 | 6350 ! 8 | 525 | 406 | 470 | 507 |Si6 | 482 | 428 | 357 263 | 525
120 525 | 407 | 470 | 507 {516 | 482 | 429 | 357 265 | 526
1%0 ] s35 1410 | 471 | s08 | 515 | 478 | 425 | 356 272 | 524
240 ‘ 525 | 413 | 476 | S510 | 514 | 479 | 424 | 352 265 | 524
200 | 525 1 414 1477 | 509 | 514 | 478 | 426 | 354 267 | 524
Average temp, °F S25 1 410 | 473 [ 508 | 515 @ 480 | 426 | 355 266 | 525
Std dev,'F 00 | 34 |34 113 10" 18 |19 |22 36 | 1.0
60 |odod | 9 525 1420 | 478 [S510 |S12 | 478 | 423 | 352 | 292 524
120 525 | 422 | 477 | 509 | 510 | 481 | 426 | 354 | 301 525
180 525 1 418 | 478 [ S11 | 516 | 480 | 426 | 355 | 297 527
240 §25 | 421 1478 {512 {515 ! 483 |425 | 6 | 301 ~ 1527
290 | 525 1417 [ 474 1508 | 513 | 480 | 427 | 356 [302 | - 525
Average emp, O F 525 1420 [ 477 [510 [513 | 480 [425 |355 [ 299 | - | 526
Std dev, 'F 0O {20 LT 1 1231 1e |ie |7 | 42 1.4
60 0468 \ 9 S25 1 424 1480 |50 515 480 | 125 | 355 | 295 525
120 | S25 1 421 | 479 | st [ S15 0 482 | 428 | 358 | 300 527
180 S25 1 420 | 476 | 509 !s11 | 479 | 426 | 356 | 301 525
240 525 1425 | 499 | 509 | S14 | 463 {428 | 358 | 300 526
2650 525 [ 426 1477 |S1) [S14 - 48R3 | 432 | 360 | 298 526
Average temp, F S35 1423 1478 1510 [s14 | 481 [428 [ 357 | 299 526
std dev, F 0 | 25 Lo |00 [te 19 |27 20|24 09
Ty S30°F
o0 |ed72 9 S0 | 426 | 482 | S15 | S8 | 485 432 | 360 | 306 530
120 S| 426 | ard | 518 1S4 | 488 | 433 | 362 | 308 532
180 S30 | 426 | 481 [S16 | S24 | 489 | 435 | 364 1308 530
230 SI0 | 427 48 [ SIS {822 | 188 1435 | 362 | 306 532
w0 | ] 530 | 42 [ 480 IS12 [SI8 | 485 a3t 1362 {308 | | 520
\verage temp, F S0 [ 420 [A8T [S15 [s23 {487 (433 {302 [ 307 s31
Siddev, B eo ol os s L2 LM to R s | 1.4
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TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd)
Test Test | Coker Tube temperature at indicated distance from fuel outlet. °F
time, Inches from fue! outlet
min | " | " 0857020040 0.60 [ 1.10 [ 140 [1.70 [ 2.00 [ 220 [235 ] 085
Tmax S40°F
60 | 6471 | 8 | 540 | 430 | 488 | 525 | 532 | 498 |442 | 372 270 | 538
120 540 | 430 | 485 | 520 | 526 | 494 | 440 | 369 269 | 537
180 540 | 428 | 484 | 522 | 527 [495 |442 | 372 272 | 540
240 540 | 426 | 486 | 519 | 530 | 496 | 441 | 372 274 | 538
290 540 | 428 | 484 | 520 | 528 [498 |442 | 373 276 | 538
Average temp, °F 540 | 428 | 485 | 521 | 529 [496 | 441 | 372 272 | 538
Std dev, °F 00| 17 {1724 |24 |18 |10 |25 29 | 11
60 | 6479 | 8 | S40 | 427 | 485 | 521 | 527 [493 | 438 | 370 267 | 537
120 540 | 432 | 493 | 526 | 532 [497 |441 | 68 269 | 542
180 540 | 430 | 490 | 526 | 532 {498 |442 | 370 269 | 541
240 540 | 426 | 487 | 522 | 530 496 |443 | 371 269 | 538
290 540 | 429 | 488 | 522 [ 530 | 497 |441 [ 373 272 | 540
Average temp, °F 540 | 429 | 489 | 523 | 530 | 496 |441 | 370 269 | 540
Std dev, °F 00|24 |37 |24 {21 ({19 ({19]19 18 | 2.1
60 | 6480 | 9 | 540 | 433 | 492 | 527 | 527 | 492 | 437 | 364 | 304 542
120 540 | 429 | 490 | 525 | 525 |492 |438 | 366 | 305 541
180 540 | 429 | 492 | 527 | 529 |493 |439 | 367 | 303 541
240 540 | 426 | 489 | 523 | 526 | 494 | 436 | 3v3 [ 305 | - | 539
290 540 | 424 | 483 | 522 [ 526 |490 | 434 | 361 | 302 537
Average temp, ' F 540 | 428 | 489 | 525 [ 527 [ 492 [ 437 | 364 | 304 540
Sid dev, °F 0034|3723 (16 {15 |19 |24]13 20
Tmax S50°F
60 [6319 | 8 550 | 421 | 493 | 530 | 540 | 507 | 451 | 281 272 | 548
120 550 | 425 | 490 | 534 | 544 | 506 | 448 | 378 286 | 548
180 550 | 421 | 486 | 529 | 541 |507 |453 | 381 275 | 548
240 | S50 | 425 | 491 | 529 | 542 | 506 | 451 | 381 294 | 550
290 | 550 | 428 1483 | 527 [ 539 {507 | 463 | 390 281 | 555
Average temp, °F 550 | 424 | 489 [ 530 [ S41 507 |453 | 382 282 | 550
Std dev, °F 00| 30|40 |26 |19 |07 |29 |46 88 | 3.0
60 {6437 | 9 | 550 | 446 | 501 | 534 | 535 |s01 [447 | 371 | 311 550
120 550 | 447 | S01 | 537 | 539 | S04 | 448 | 374 | 315 552
186 550 | 446 | 503 | 535 | 538 | 504 | 449 | 374 | 315 549
240 550 | 448 | 503 | 536 | 540 |08 |4s3 | 376 | 319 553
290 550 [ 447 | 502 | 535 | 541 {507 {451 | 376 | 317 550
Average temp, °F 550 | 447 | 502 | 535 | 539 | 505 | 450 | 374 | 315 581
Std dev, °F 00| 09 | 10| 1.2 |23 |28 |24 |21 29 1.6
i
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TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

[est : - - Tube temperature at indicated distance from fuel outlet, °F
i Test | Coker
time, | o, no. - — Inches from fuel outlet T T 05
min 085 1020 1 04C PbO'LleAO LW[ZﬁOlm" 2, |.
Tmax SSO°F (cont'd)

60 | 6452 1 9 550 | 442 [ 498 | 534 | 538 | SO3 | 445 | 370 | 305 | - | 550
120 550 | 440 | 502 |534 | 539 | 504 | 447 | 370 | 307 | - | 552
1X0 550 | 438 [496 |532 | 540 | S06 | 447 | 372 | 309 | - | 548
240 550 | 436 | 498 |S33 | S38 | 507 | 448 | 373 | 310 | - | 548
290 550 | 439 1499 |534 | 539 | 508 | 448 | 374 | 311 | — | 548

- Average temp, F 550 [ 439 {490 [5337]539 | 506 | 447 | 372 | 308 | — | 549
Std dev, 'F 00 {22 (22 1o oo |21 |12} 18|26 |- | 18
A —

60 | 6476 | 550 | 438 | 498 | S35 | S38 | S03 | 446 | 375 | 308 | - | 551
120 350 1438 [498 [ 536 | 540 | S05 | 448 | 376 | 309 | - | 551
130 550 | 436 {496 537 | 539 | S03 | 449 | 373 | 310 | — | 550
240 550 | 438 | 494 1532 | 537 | S02 | 448 | 376 | 310 | - | 550
290 ! 550 | 438 | 500 [S532 | 3539 | 505 | 449 | 377 | 312 | - | 550
Average temp, "F 550 1 438 | 497 1534 1539 | 504 | 448 | 375 | 310 - 1 550
Std dev, 'F 00 |07 123 |23 [ 1214 12)] 16|15 |- | 07

Tmax 360°F
N T A i <

o | 6475 8 So0 1 442 | 501 39 | 549 | 515 | 459 | 385 | - [275 ] 560
120 : So) | 440 | SGS 542 | 551 | S18 | 459 | 383 - 278 1 560
180 | i S60 | 437 | 501 542 [ S50 | 521 | 465 | 387 | - |76 | 563
ST S60 | 439 [ 501 539 | 550 | S1e | 60 | 384 - 1276 | 560
200 ¢ S0 [ 438 | 504 540 | SS2 | S15 | 460 | 385 278 | 558
\werage temp, F S60 [ 430 [502 7540 [ SS2 ] 517 [d01 | 3®S ] 377 T 500

St dev b 00 [ 19 20 e |27 25]25] 15 14| 18
' S L

: Tmu\ ‘\- ﬂj“"‘

|

! e .

G0 0dS6 0 | 75 | 465 S35 60 | S6d | 524 | 465 | 383 | 309 577

120 S75 | 465 320 562 | So6 | 526 | 367 | 388 | 332 579
CIN0 S75 | do- 0 S240 S60 | SeX | 522 | dos | 3ke | 324 - | 575
T S7S | dod S22 SSK OS89 ] S22 | 404 | e | 325 | - | §75
Lo $79 [ 405 824 Se0 [ SSROTS23 [ 465 | 36 | 3 575
: \\‘L‘l.l_L';‘ temyp. F 35 Taed T T iah | Sol Q23T 68T e T a2s 576
St ey b UV I VR PR T B S A FCO A O A O D T O A R
. . . S O (N SR S . L

ol ) Y] I 7S ‘ 400 ;i_‘u S0 | S ‘ S20 | d66 ] 0 {333 | 576
10 CORTS Al S0 SSOSed ) 825 geR | ) | 32K L8760
I i*w Fdn2 S0 sl <u<!i§ d06 | 30 | 320 }sm
10 PSS ARl SI0 SS9 ) Se0 1S des | ke | AN . s78
Yy _ | 378 . A R AN ’ Sod 4 326 470 | W0 | 330 -.;.i’i
Worwee teenp o boATs ERIEY AN Sel) St : % 367 } W T30
Stbhey ; Do e (N 10 [ X0 aw l o l oy 33 12




TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

Test T Tube temperature at indicated distance from fuel outlet, °F
. est | Coker
time, no. no. Inches from fuel outlet
min 0851020 1040 060 | 1.10 | 1.40 | 1.70 | 2.00  2.20 2.35 {085
Tmax 610°F 1
60 16362 8 610 | 485 | 559 | 593 | 594 | 553 | 487 | 406 | -- 310 1607 ,
120 610 | 488 | 555 | 594 | 595 | 550 | 495 | 413 - 1312 607 ,
180 610 | 482 {557 [ 595 | 596 | 552 | 493 | 409 -~ 1312 1608
240 610 | 476 | 557 | 597 | 599 | 558 | 456 | 413 - | 318 | 608
. 290 610 | 479 [ 556 [ 597 | 597 | 556 | 494 | 410 | -- 313 | 610
Average temp, F 610 | 482 | 557 [ 595 | 596 | 554 [ 493 | 410 | -- 313 | 608
Std dev, °F 00 |47 |15 |18 |19 {32 |34 ] 30 30 (1.2
Tmax 635°F
60 6360 8 635 | 499 | 583 | 623 | 623 | 579 | SIt | 419 - 1319 |635
120 635 | 505 | 588 [618 | 617 {576 | 510 | 423 - 1333 | 637
180 635 | 508 | 586 |621 | 620 | 574 | 503 | 417 - 1324 [637
240 635 | 508 | 582 | 620 | 623 | 581 | 512 | 425 - | 323 | 637
290 635 | 509 [ 589 | 623 | 620 | 571 | 506 | 420 - 1323 1638
Average temp, F 635 | 506 | 586 |621 | 621 | 576 | S08 | 421 -~ {324 637
Std dev, °F 00 | 40 {31 |21 |25 !40 |37 32| — |52 |1l
Tmax 650°F
60 | 6357 8 650 | 503 | 583 | 633 | 636 | 595 | 522 | 435 - | 321 [652
120 650 | 505 | 587 |631 [636 | 592 | 522 | 432 - 1324 650
180 650 | 504 | 584 | 630 | 635 | 587 | 515 | 424 323 | 647
240 650 | 509 | 589 | 634 | 638 | 590 | 522 | 436 - ]330 652
190 650 | 502 | 588 |633 |639 | 595 [ 523 | 436 - {331 |651
Average temp, °F 650 | 505 | 586 [632 [637 | 592 [ 521 | 433 - | 326 | 65U
$td dev, °F 00125 126 |16 |16 134 ]33 ]5.1 45 2.1
60 |6459 8 650 | 517 | 587 | 630 | €37 | 594 | 524 | 437 315 | 648 |
120 650 | 518 | 589 | 631 | 640 | 595 | 527 | 442 316 | 651
180 650 | S14 | 583 | 627 | 635 | 591 | 523 | 427 - 1313 | 647
240 650 | S16 | 587 1628 | 636 | 593 | 523 | 438 - | 318 | 648
290 650 | S13 | 587 | 631 |639 | 595 [ 530 | 442 - 1316 | 648
Average temp, F 650 | 516 | 587 | 629 [ 637 | 594 [ 525 | 439 | - | 316 | 048
Std dev. °F 00 | 21 |22 |19 |2l 1.7 | 31 2.6 19 | 1.6
60 | 6652 8 S0 | 500 [S79 | 625 | 633 | 592 | 521 | 428 | 358 | 277 647
120 650 | 498 | 579 {62¢ 1634 | 591 | 521 | 43G | 357 [ 278 oK
180 650 | 498 [ 580 | 628 [ 636 | 594 | 522 | 432 | 357 278 | 050
240 650 | SO3 | 583 j629 | 633 | 596 | 525 | 434 | 359 | 27Y 6Ss2
290 650 | S02 1SR | 630 | 639 | S96 | S2 434 | 360 | 280 | 652
Average temp, F 650 1 500 [ S81 | 627 | 636 1598 | 523 | 432 | 358 | 278 | 650
LS"' dev.'F (00 |23 1o j22f2s |23 (19 ]24]id TR K




TABLE 39, THERMAL STABILITY OF TURBINE ENGINE FUELS IN ALCORJFTOT

“Test Pressure 350 psi
Dutch-weave 1 7u in-line ftlter followed by 0.45u filter
Heater terpenature, °F, for . Heater Filter®
Run | Tmav, first color rating as indicated bnd.lpoinl. ap Coker Date
o, ¥ Thr tating 4k rating F in. Hg no. tested
T I T l ] l J T~ [ T 3 i ) 1-hr I 24-hr
70.16 JP-7 frel -
alent | T00 | sss | dest - - | sss | 395¢ - - | >m0] >0 | o0 X 28 Jul 70
ni72ee | 00 | 3ed - - - {364 - w | >0 >700 | 00 8 29 Jul 70
. 70-17JP.7 fuel
k| e 467 | esore| - | - — |47 | = | = [>m0]>00] 00 8 | 31370
inn [ 0 Laze |07 R - - |3 - | = |>00]>001} 00 8 3 Aug 70
70-18 JP-7 fuel

nwo0 | 700 (600 | 692 - - |47 [em - — [ >700] >700 | 00 8 4 Aug 70
nivy | 700 - | 447 - - - e - - {>70]} >0 | 00 3 S Aug 70

OF Jp4
6437 | 850 w pderp oy} - w | 3978 | 3t1g q4rstrd 30 {31 |100/169) 9 |2t AugT0
o421 | S00 [4msg {avop | 367t — | 488y 3008 | 360t | — | 367 | 360 0.15 9 |17 Aug70
oat7 Laso ] o~ lxo {30 - |7 - J20s | 350 | - [3s0 |30 | o0 o |14 Aug70
aa28 | 328 a foag | 3astl - ~ |a94p ] 3458 ) - | 345 | 348 00 9 {18 Aug 70
6431 | 328 [300 |08 | 38t | ~ ]300 |s423p | 3353 | — | 8 | 33s 00 a 120 Aug70
6440 | 128 — |84 b o3sap| -~ | 3848 | 3s4p | - 1334 | 354 00 B {4 AT
a7 | IS (4188 | 3448 - - | 415y | 3573 ) 328t | - | >a18]| 335 0.0 8 |26 Aug70
o412 | 400 N YT - - - {240 - — | >i00[ >400 | 00 9 H3Au70
o420 | a00 | a7pe | s - ~ | M788 ] 338 - | >s00( >a00 | 00 9 119 Aug 70
aad3 | 00 [3578 | 2et - - | 3571 | 2368 w | >400f >00 ] 00 8 s augr0

DRIP4
6475 | S60 - | 3us ~ | 560 - | 38 —~ |60 | 560 | se0 0.0 8 48p 70
a7 | oSS0 42 — | s44 | se0 | o428 - | 549 {547 | sS40 | s47 0.0 ] 2 Sep 70
o47n | sso f42s | s03 | sew - | 446 | S48 | s3ste]| 548 | s 00 9 4 8ep 70
6471 $40 O -l - 482 - w 2540 >S40 | CO R 3Sep 70
647 540 47) w | 4101¢ - 473 | 410FE ] 1t ++ 0.0 L] N Sep 70
hdan 440 480 . . - 480 - S840 >4840 0.0 49 N Sep 70
X3 1 | s1e - - - 519 - - - >$30| >$30 00 9 3'5¢p 70
adon | $28 1Sty | 480 - - | 0 - - w ) >825] >828 ) 008 9 2Sep 70
adnl o0 | 456 - - - 456 - - . >500| >S00 0.0 X 1 Sep 70

MR IP4
6450 | $78 | aas - ~ | s71 | 448 - - |51 | st | sn | 100087 9 [ Aug0
o460 | $76 [ a0agp | 4ee — Is1 | loats | 400 w L8 | s1e | sm | 100/62 9 [3tAug70
o482 $50 | do8 si0 - ] 48 (L] w880 D880 [ 100NIKE 9 2T A 70
odm | 828 | 20218 - - -l - o >828) >825 | 10.01128] @ 1 Sep 70
sun | oson | asagp ] o2 - w | 28413 ) 282 - — | >500] >s00 | o9 9 16 Avg 70
o444 450 LY - - - Jos - - >80 450 00 9 25 Aug 70
LN EEPC N IR R IR B LR - 28 [t - | >8] >80 00 9 |2 Au70

>4 itier prewute deop (37 st 100 minules uniew otherwise Indicnted.

7 Festaluration 283 minutes, water couslent supply system falled.

TMavimum depost ovours at 1he fuel inkel end of the lude; Sower code deposits oxowr upstreem clowe (0 the Ty Point.
PUlend durgtiown 100 mELes, watet coolant wpply tratem falled,

P2t peak depont mote Fan 1.2 inch heyond the Ty q point dsts nol used in breakpoint desermination.

1 11 epaut mception pont hey ond range of profile; S ined by ds b
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TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)
Test Test | Coker Tube temperature at indicated distance from £-»! outlet. “F
time, v Inches from fuel outlet
mn | "% | " 085 [020 040060 110 140 [ 1.70 [ 200 [220 | 235 | 0.65
Tmax 700°F
60 | 6372 8 700 | 548 | 638 | 684 | 684 | 632 | 557 | 466 347 | 701
120 700 | 551 | 641 | 685 | 689 | 635 | 559 | 463 352 } 703
180 700 | 552 | 636 | 679 | 684 | 636 | 560 | 466 354 | 697
240 700 | 547 | 632 | 684 | 691 | 652 | 578 | 485 351 | 702
290+ el R Bl N B N e B N N R
Average temp, F 700 {550 | 637 | 683 | 687 | 639 { 564 | 470 351 | 701
Std dev, °F 00 (24 | 37 | 27 36 | 85 | 9.7 | 10.1 29 | 26
60 | 6378 8 700 | 548 | 635 | 680 | 682 | 636 | S61 | 467 344 | 699
120 700 {556 | 640 | 687 | 687 | 638 | 562 | 468 349 | 703
180 700 | 555 | 637 | 686 | 688 | 639 | 566 | 471 349 | 701
249 700 | 551 | 640 | 683 | 685 | 635 | 563 | 468 354 | 697
290 700 | 550 | 637 | 680 | 689 | 639 | 566 | 469 353 | 701
Average temp, "F 700 [S52 | 638 | 683 | 686 | 637 | 564 | 469 | — | 350 | 700
Std dev, °F 00 | 33 2.2 33 2.8 19 | 2.3 1.6 40 | 2.3
60 | 6386 8 700 1 S50 | 624 | 676 | 687 | 640 | 569 | 475 342 | 698
120 700 | 547 | 63 | 678 | 691 71572 | 477 346 | 701
180 700 [ 549 | 629 | 678 | 687 | 639 | 567 | 475 358 | 700
240 700 | 546 | 627 | 672 | 686 | 641 | 571 | 479 341 | 698
290 | 700 | 553 | 631 | 679 | 688 | 641 | 572 | 479 | -- | 345 | 700
Average temp, F 700 [ 549 | 628 | 678 [ 688 | 642 | 570 | 477 346 | 699
i Std dev, °F 0.0 | 27 3.0 | 3.2 19 | 3.1 2.2 20 6.7 1.4
j - T
i 60 | 6390 8 700 | 543 | 627 | 678 {689 : 642 | 572 | 476 332 | 700
! 120 700 | 546 | 627 | 678 | 689 . 644 | 570 | 474 332 | 699
s 180 700 [543 | 627 | 676 | 687 | 641 | 572 | 478 335 | 700
[ 240 700 53T 1629 678 | 687 | 643 | 573 | 48C 334 | 701
240 700 | 540 | 623 [678 va? ; 642 | 573 | 482 336 | 698
Average temp, °F 700 | S43 | 627 678 | 688 : 542 | 572 | 4718 | — | 334 | 700
Std dev, °F 00 (22 |22 10 {11 121230 |« |18 |13
; o0 | 6393 8 700 | 541 | 626 | 678 | 687 | 640 | 565 | 467 332 | 701
' 120 700 | 533 | 622 ‘ 672 1683 | 633 | 560 | 465 330 | 698
i 180 700 (544 | 625 1 679 | 685 | 640 | 563 | 467 336 | 700
240 700 [ 540 [ 628 | 679 [ 689 | 641 | 569 | 470 336 | 701
‘ 290 700 [ 539 | 623 1676 | 68 | 6040 | S04 | an0 333 | 700
| Average temp, 'F 700 [ 539 | 625 | 677 | 686 | 639 | 504 | 468 - 33377700
. Std dev, °F 00 | 4.0 24 ! 8 22 33 3.3 20 26 1.2
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TABLE 41, MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT

Tube tempesature at indicated distance from fuel outlet, ‘_'F

Test .
time, Test | Coker Inches from fuel outlet .
min | " | " [085[6.20] 040 [ 060 | 1.10 | 1.40 [ 1.70 [2.00 [220 [2.35 [ 0.85
Tmax 400°F
60 |o6443 | 8 [400 317 [ 359 [ 386 | 393 ] 369 [320 | 277 | -~ |206 |397
120 400 | 317 | 361 | 387 | 395 | 371 | 350 | 279 200 | 400
180 400 {317 | 359 | 386 | 393 | 309 | 329 | 278 208 | 397
240 400 | 316 | 360 | 388 | 395 | 372 | 331 | 280 - 210 | 400
290 400 | 318 | 359 | 387 | 394 | 370 | 331 | 280 209 | 399
Average temp, °F 400 | 317 | 360 | 387 | 394 | 370 | 330 | 279 - 208 | 399
Std dev, °F 0.0 0.7 1.0 09 1.0 1.3 09 1.3 .- 1.6 1.6
60 | 6412 9 400 | 322 | 362 | 385 | 392 | 370-| 332 | 280 | 238 - 460
120 400 | 321 | 363 | 387 { 393 | 371 | 333 | 283 | 240 402
180 400 [ 320 | 362 | 384 | 392 | 370 | 333 283 | 240 - 400
240 400 | 322 | 36t 386 | 393 | 372 | 336 |-283 {243 - 401
290 400 | 323 | 360 | 386 | 393 | 370 | 334 | 283 | 243 400
Average temp, F 400 | 322 | 362 | 386 | 393 | 371 | 334 |.282 | 241 - 1401
Std dev, °F 0.0 1.2 1.2 1.2 0.7 1.0 1.6 1.2 2.2 - 1.0
60 | 6429 9 400 | 320 | 362 | 387 {394 | 372 | 335 | 280 | 238 - 401
120 400 | 323 | 360 | 386 | 394 | 373 | 336 | 282 | 239 401
180 400 | 320 | 360 | 385 | 393 | 373 | 335 | 282 |} 238 - 401
40 400 | 321 363 | 387 | 396 | 375 | 338 | 283 | 240 - 402
| 290 400 [ 323 [ 361 | 387 {394 | 374 [ 336 {284 {239 | — |401
Average temp, °F 400 § 321 { 361 | 386 | 2 373 | 336 | 282 | 239 - 401
Std dev, °F 0.0 1.6 1.3 1.0 1.1 1.2 1.2 1.5 0.9 - 0.5
Trax 415°F
o) 16447 1 8 415 | 327 | 372 | 400 | 410 | 386 | 344 | 291 - 215 | 414
120 415 1326 | 372 | 401 | 411 | 386 | 346 | 293 - z17 | 414
180 415 | 326 | 373 | 398 | 407 | 384 | 344 | 290 218 | 413
240 415 | 329 | 373 | 400 | 413 | 388 | 346 | 294 218 | 415
290 415 | 328 | 371 | 400 | 410 | 387 | 347 | 293 - 220 | 414
Average temp, °F 415 | 327 | 372 |1 400 | 410 | 386 | 345 | 292 -~ |218 | 414
Sid dev. °F 0.0 1.3 0.9 0.9 2.2 1.5 1.4 I.1 - 1.9 0.7
Tmax 425°F
60 ;. 6440 8 425 | 337 | 384 | 412 | 420 | 397 | 354 | 299 - 220 | 423
120 | 425 | 337 | 382 | 411 | 418 | 393 | 352 | 297 - 221 424
180 ! 425 | 338 | 383 | 413 | 419 | 393 | 351 299 - 222 | 425
240 425 1336 | 385 | 410 | 419 | 393 | 350 | 298 - 224 | 423
2090 | 425 1 3390 | 383 [ 412 | 420 | 393 | 353 | 297 .- 223 {427
Average temp, “F 425 | 337 | 383 ) 412 | 419 | 394 | 352 | 298 - 1222 1424
Std dev. °F 0.0 1.2 1.2 1.2 0.9 1.5 1.6 1.0 - 1.6 1.7

126




TABLE 42. DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT

Test ; Deviation values from average tube temperature at
» Test | Coke indicated distance from fuel outlet, °F
PE L pe, no. Inches from fuel outlet
Li“‘“ } TFST 020 040 [060 [ 110 [ 140 [ 170 [ 200 [ 220 | 135 [ O
Tmax 400°F
o0 [6443 | 8 |00 [ 00| 10 {160] 10| 10|00 20] « ] 20[20
120 0.0 0.0 10 ] 00 | 10 1.0 0.0 00 | - 10] 1.0
180 0.9 l 00{ 10 [ 10| 10 | Lo | to | 10| — | 0020
240 06 | 1.0} 00 1.0 ] 10 2.0 1.0 1.0 | - 200 1.0
246G l _ 00 ) 1.0} 1.0 | 0.0 | 00 0.0 1.0 10 ] - 1.0 ] 00
r—Kverage devatoOmin = 1.0 Average dev at 180 min = 0.3 Average dev at 290 min = 0.5
Average dev at 120 min = 0.5 Average dev at 240 min = 1.0
o
E 60 | 6412 P 0.0 00 ] 00 1O | 1.0 1.0 ( 2.0 20 30 - 110
120 0.0 1.0 1.0 1.0 | 00 0.0 1.0 1.0 1 t0 1.0
180 0.0 20 00 | 20 | 10 1.0 1.0 1.0 ] 1.0 1.0
240 0.0 0.0 10 | 00 ] 0OC 1.0 l 20 1.0 } 20 -~ | 0.0
290 0.0 10| 20 1§ 00 | 00 1.0 0.0 1.0 | 20 1.0
Average dev at 60 min = 1.1 Average dev at 180 min= 1.0 Average dev at 290 min = 0.8
Average dev at {20 min = 0.7 Average dev at 240 min = 0.7
60 | 6424 v 6.0 001! 00 10 | 10 1.0 2.OT 20] 30 1.0
120 0.0 1.0 1.0 1.0 { 00 0.0 1.0 1.0 1O 1.0
180 0.0 200 00 201 10 1.0 1.0 10| 1.0 1.0
240 0.0 0.0 1.0 1 00 |} 00 1.0 20 1.0} 2.0 - | 00
299 L 0.0 10 20 [ 00} 00 1.0 0.0 1.0} 20 1.0
Average devat 60 min = 1.1 Average dev at 180 min = 1.0 Average dev at 290 min = 0.8
Average dev at 120 min = 0.7 Average dev at 240 min = 0.7
Tmax 415°F
60 | 6447 8 0.0 00| 00 | 00 | 00 0.0 1 1.0 10| - 30| 00
120 0.0 1.0} 00 10| 10 0.0 1.0 1.0 | - 1.0 | 00
180 0.0 10 1.0 { 20 ] 30 20 1.0 20 - 00| 1.0
240 0.0 2.0 1.0 | 00 ] 30 2.0 1.0 20} - 00| 1O
290 0.0 1.0 1.0 | 06| 0.0 1.0 200 1.0 - 201 60
Average dev at 60 min = 0.5 Aveiage dev at 180 min = 1.30 Average dev at 290 min =~ 0.8
L_A:cnngc dev at 120 min = 0.6 Average dev at 240 min = 1.20
Tmax 425°F
60 r(\440 8 0.0 00! 10 | 80 10 30 20 10| - 207 10
120 00 06 1.0 10 ] 10 1.0 0.0 1.0} - 10} 00
180 0.0 t0¢{ 00 1.0 | 00 1.0 1.0 10| - 0ol 10
210 0.0 1.0 2.0 2.0 0.0 1.0 20 0.0 201 1.0
290 | 00 } 20] 00 00} 10 J 10|10} 10] ~ | 10]30
Average dev at 60 min = 1.10 Average dev at 180 min = 0.6 Average gos at 290 min = 1.00
. Average dev at 120 min = 0.60 Average dev at 240 min = 110
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TABLE 41. MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd) -

Test | et | Cok " Tube temperature at indicated distance from fuel outlet, °F

time, | & oker - .Inches from fuel outlet - i :

min | " 0851020 [040 [060 [1.10 140 [1.70 [200 [ 220 [2.35 [ 085
Tmax S00°F.

60 | 6345 ! 8 ’ 500 | 384 (446 | 479 | 492 462 | 414 | 348 -~ ] 266.] 500
120 SO0 | 384 | 446 | 486 | 498 |470 .) 418 | 353 |+ -~ 271 | 503
180 500 | 386 |[446 | 483 1496 |465 | 417 | 350 - | 271 | 501
240 S00 | 386 | 447 | 481 |496 |466 | 417 | 352 - | 268 | 501
290 SO0 | 386 | 446 | 480 | 492 |464 | 416 | 348 - | 267 | 500

Average temp, °F 500 | 385 |446 | 482 [495. |465.| 416 | 350 - 269 | 501
Std dev, °F 0.0 1.1 05128 2.7 31 16 |23 .- 2.3 1.2

60 | 6463 8 500 | 402 | 456 | 486 | 491 | 456 403 | 338 .- 247 | 499
120 500 | 403 | 4557|487 | 491 |458 | 406 | 339 - 248 | 500
180 SO0 | 401 | 453.) 485 |489 | 455. ] 402. | 337 - 248 | 499
240 500 | 405 ; 455 | 486 [491 | 458 | 405 | 338 - 250 | SO0
290 500 | 401 | 454 | 484 [489 [4s57 | 405 | 337 251 | 498

Average temp, *F 500 | 402 | 455 | 486 |490 |457 | 4N | 338 - 1249 | 499
Std dev, °F 0.0 1.7 1.2 1.2 Ly 13 1.6 | 0.9 16 | 09

60 | 6448 9 500 [ 401 | 453 | 486 (490 (456 | 404 | 338 | 282 500
120 500 | 403 | 454 | 485 | 490 |458 | 406 | 340 | 283 - 500
180 3500 | 404 | 452 | 484 1488 (459 | 408 | 339 | 284 - 501
240 500 | 401 | 453 | 483 | 488 [458 | 407 [ 341 | 285 - 500
290 500 1403 | 454 [ 486 |490 1460 | 407 | 342 | 286 - 498

Average temp, " F 500 | 402 | 453 | 485 |489. 1458 | 406 | 340 | 284 500
Std dev.°F 0.0 14 | 09 1.3 1.1 15 ["'1.6-] 1.6 1.6 1.1

60 | 6421 9 500 | 407 | 456 | 487 (488 |459 | 409 | 340 { 292 501
120 500 | 406 | 455 | 485 | 487 | 457 | 407 | 342 | 291 - 500
180 500 | 404 | 458 | 489 | 490 | 460 | 409 | 343 | 291 -- 502
240 500 | 408 : 45G- | 488 | 489 |461.| 412 |, 345 | 295 - 500
90 | | S00 | 407 454 | 485 {488 |461 | 410 | 346 | 295 - 501

Average temp, °F S00 | 406 | 456 | 487 | 488 |[460 | 409 | 343 | 293 - | 501
Std dev, °F 0.0 1.6 2.1 1.8 1.2 1.7 1.9 24 1.6 - 09
Tmax SI0°F

60 I 6328 8 510 | 389 | 452 | 489 | S04 |473 | 420 | 354 o 268 | S08
120 S10 |1 392 | 453 | 492 | 505 | 474 | 423 | 359 -~ | 265 | 510
180 SI0 {394 1451 [ 492 | 504 |475 | 423 | 359 - 272 | 510
240 S10 | 387 | 448 | 486 | 503 |[475.| 424 | 360 -~ 265 | 507

90 | 510 | 390 [452 | 493 |504 [475 | 425 | 361 277 | 508
Average temp. °F 510 | 590 | 451 1490 | 504 |474 | 423 [ 359 | — | 269 | 509
Std dev, °F 0.0 : 2.7 19 129 107 1.0 1.6 | 2.7 5.1 1.9
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TABI L. 42. DEVIATION DATA FROM M'ILTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd)

Deviation values from average tube temperature at

Average dev at 60 min
Average devat 120 min = 1.20

=140

A
Average dev at 180 mip =
Average dev at 240 min =

110
2.00

'TI:I: Test | Coker indicated distance from fuel outlet, °F
min’ ( no. — Inches from fuel outlet - - _
085] 0.20 | 0.4ﬂ 0.60 I 1.10 l .40 LF|7( Jm_.o()l 220 f 235 ] 0.85
Tmax SO0°F
60 | 6345 8 0.0 1.0 0.0 30 1 30 3.0 20 20 o110
12¢ 0.0 10 | 00 | 406 | 3.0 5.0 20 30 20120
180 0.0 1.0 | 0.0 1.0 1.0 0.0 1.0 0.0 20100
240 0.0 1.0 1.0 1.0 1.0 1.0 10 20 1.0 | 0.0
290 0.c 1.0 0.0 20 { 30 1.0 0.0 2.0 - 20110
rAverage devat 60 min = 1.80 Average dev at 180 min = 0.60 Average devat 290 min = 1.20
Average dev at 120 min = 2.20 Average dev at 240 min = 0.90
60 | 6463 8 0.0 0.0 1.0 | 00 1.0 i.0 10 0.0 20100
120 0.0 1.0 | 00 1.0 1.0 to 1.0 1.0 10 (1.0
180 0.0 1.0 20 1.0 1.0 20 20 1.0 1.0 | 0.0
240 0.0 30 t 00 | 00 1.0 1.0 1.0 0.0 10|10
290 0.0 10 ;1.0 20 1.0 0.0 00 | 1.0 20 (1.0
Average dev at 60 min = 0.60 Average dev at 180 min = 1.10 Average dev at 290 min = 0.90
Average dev at 120 min = 0.80 Average dev at 240 min = 0.80
60 | 6448 9 00 1.0 0.0 1.0 1.0 2.0 2.0 2.0 2.0 0.0
120 0.0 1.0 1.0 | 0.0 1.0 0.0 0.0 00, 1.0 0.0
180 0.0 20 1.0 1.0 1.0 1.0 20 10 00 1.0
240 0.9 10 | 00 20 1.0 0.0 1.0 1.0 1.0 0.0
290 0.0 1.0 1.0 1.0 1.0 2.0 1.0 201 20 2.0
Average devat 60 min = 1.10 Average dev at 180 min = 1.00 Average dev at 290 min = 1.30
Average dev at 120 niun = 0.4 Average dev at 240 min = 0.70
60 | 6421 9 0.0 1.0 | 00 | 00 | 0.0 1.0 0.0 30 10 0.0
120 0.0 00 1.0 20 1.0 30 20 1.0 { 2.0 1.0
180 0.0 20 20 20 120 0.0 0.0 00| 20 1.0
240 0.0 2.0 3.0 1.0 1.0 1.0 30 20 20 1.0
290 09 1.0 20 2.0 0.0 1.0 1.0 3.0 30 0.0
Average dev at 60 min = 0.60 Averige dev at 180 min = 1.10 Average dev at 290 min = 1.20
Average dev at 120 12in = 1.30 Average dev at 240 min = 1.60
Tmax SICF
60 | 6328 8 0.0 1.0 1.0 1.0 0 10 3.0 50 [ I 1.0 1 1.0
120 0.0 28 20 20 1.0 0.0 0.0 0.0 l ! 401 1.0
180 | 0.0 4.0 0.0 20 0.0 1.0 0.0 0.0 30110
240 | 0.0 30 {30 ] 40 (10 1.0 1.0 1o | - I 40120
w0 | 00 ! 00 jro ] 30 oo o |20 20 1 80 | 1.0

Average dev at 20min = 1.6




TABLE 42. DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

Deviation values from average tube temperature at

1.6“ Test I Coker indicated distance from fuel outlet, °F
time, ,
. no. ' no. inches from fuel outlet
min ’ 985 020 | 040 | 060 1.10 | 140 | 1.70 | 200 | 220 | 2.35 [ 085
] .
Timax S10°F (cont'd)

60 | 6537 8 00 : 00 2.0 1.0 1.0 1.0 30 4.0 - 1.0 |30
120 0.0 l 200 10} 2010 | 00 | 00 | 10| —~ | 20 (20
180 0.0 1.0 10 | 20 | 30 1.0 2.0 0.0 - 10 {20
240 0.0 00 ] 20| 40 | 5.0 i.0 20 00| - 70 {20
290 0.0 1.0 | 20 1.0 | 3.0 20 1.0 40| - 50 {20

Average devat 60 min = 1.60 Average dev at 180 min = 1.30 Average dev at 290 min = 2.10
Average dev at 120 min = 1.10 Average dev at 240 min = 2.30

60 | 6342 8 0.0 00 20| 10 20 20 30 2.0 - 40 110
120 0.0 0.0 1.0 10 | 00 1.0 1.0 16} -~ 30 {20
180 0.0 00 | 00 1.0 { 10 2.0 20 1.6 - 0.0 |00
240 0.0 00 | 00 10 | 00 1.0 1.0 0.0 - 00 |10
290 0.0 20 00} 00 ] 20 4.0 3.0 4.0 - 20 | 1.0

Average devat 60 min = 1.70 Average dev at 180 min = 0.70 Average dev at 290 min = 1.80
Average dev at 120 min = 1.00 Average dev at 240 min = 0.40

60 | 6349 8 0.0 101 20| 20| 00 2.0 0.0 1.0 | - 30 {20
120 0.0 1.0 1.0 | 30 | 30 20 4.0 20 - 5.0 | C0
180 0.0 10 | 00 1.0 | 20 0.0 1.0 00 | - 1.0 | 1.0
240 0.0 1.0 | 10 1.0 | 40 3.0 1.0 20 - 30 |00
290 0.0 1.0 ] 00 ] 00 | 00 20 2.0 0.0 - 1.0 1 0.0

Average dev at 60 min - = 1.30 Average dev at 180 min = 0.70 Average dev at 290 min = 0.60
Average dev at 120 min = 2,10 Average dev at 240 min = 1.60
Tmax 525°F

00 | 6325 8 0.0 ! 301 30 | 30| 00 4.0 1.0 1.0 - 30 |00
120 0.0 10 { 00 { 20| 20 20 30 0y - 20 {00
180 0.0 20 10 | 20 { 1.0 1.0 1.0 00| - 30 {00
240 0.0 50 ] 20| €0 | 20 1.0 0.0 20 - 1.0 | 0.0
290 0.0 1.0 | 3.0 1.0 | 1.0 20 2.0 20 - 2.0 {00

Average devat 60 min = 1.80 Average dev at 180 min = 1.10  Average dev at 290 min = 1.40
Average dev at 120 min = 1.30 Average dev at 240 min = 1.90

60 | 6332 8 0.0 1.0 1.0 !-2.0 20 v.0 5.0 20 - 90 | 1.0
120 0.0 201 30 1.0 ] 10 0.0 20 2.0 - 1.0 | 1.0
180 0.0 0.0 2.0 0.0 0.0 0.0 1.0 0.0 40 | 1.0
240 0.0 00| 40 | 20 10 1.0 1.0 20| - 30 |10
a0 0.0 2 0.0 1.0 ; 00 0.0 40 20 - 20 120

Average dev at 60 min = 2.30 Average dev at 180 min = 0.80 Average dev at 290 min = 130
Lﬂagg devat 120 min = 1.30 Average dev at 240 min = 1.50
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TABLE 42. DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JETOT (Cont'd)

Test Deviation vahtes from average (ube temparature at
time Test | Coker indicated distance from fuel outlet. °F
min. no. no. Inches from fuel cutlet
¢ 0857020 040 | 060 - 1.10 | 140 | 1.70 | 2.00 ] 2.20 , 2.35 | OKS
| 0#5[020] 040 060 110 [ 140 [ 170] 200 220 235 ] OXS
Tinax S25°F (cont'd)

60 | 6339 8 0.0 | 1.0 0.0 1.0 | 30 10 0.0 0.0 40 00
120 0.0 1.0 2.0 0.0 1.0 |+ 00 2.0 2.0 0.0 00
180 0.0 20 0.0 0.0 1.0 ’ 20 2.0 2.0 20,00
240 0.0 1.0 0.0 20 0 70 | 20 3.0 1.0 0.0 0.0
290 0.0 1.0 1.0 20 | 40 | 40 6.0 4.0 30 {10

Average dev at 60 min = 1.00 Average dev at 130 min = 1.10 Average dev at 290 min = 2.60
Average dev at 120 min = 0.80 Average dev at 240 min = 1.60

60 | 6350 8 0.0 40 3.0 1.0 1.0 20 2.0 2.0 30 |00
120 0.0 30 3.0 1.0 1.0 20 3.0 2.0 1.0 1 1.0
180 0.0 0.0 2.0 0.0 | 0.0 2.0 1.0 1.0 6.0 | 1.0
240 0.0 30 3.0 2.0 1.0 1.0 2.0 30 10 [ 1.0
290 0.0 40 | 40 1.0 1.0 2.0 0.0 1.0 1.0 1 1.0

Average devat 60 min = 1.80 Average dev at 180 min = 1.30 Average dev at 290 min = 1.50
Average dev at 120 min = 1.70 Average dev at 240 min = 1.70 o

60 | 6464 9 0.0 0.0 1.0 0.0 1.0 20 2.0 30 {70 20
120 0.0 2.0 0.0 1.0 | 3.0 1.0 1.0 1.0 | 2.0 1.0
180 0.0 20 1.0 1.0 | 3.0 0.0 1.0 00 {20 1.0
240 0.0 30 1.0 20 2.0 3.0 0.0 1.0 | 2.0 1.0
290 0.0 1.0 3.0 20 | 00 0.0 2.0 1.0 | 3.0 1.0

Average dev at 60 min = 1.80 Average dev at 180 min = 1.10 Average dev at 290 min = 1.30
Average dev at 120 min = 1.20 Average dev at 240 min = 1.50

60 | 6468 9 0.0 1.0 2.0 0.0 1.0 1.0 3.0 20 | 40 1.0
120 0.0 2.0 1.0 1.0 i.0 1.0 0.0 10 | 1.0 1.0
180 0.0 3.0 2.0 1.0 { 3.0 2.0 2.0 1.0 | 2.0 1.0
240 0.0 20 1.0 1.0 | 00 20 0.0 1.0 | 1.0 0.0
290 0.0 3.0 1.0 1.0 ] 0.0 2.0 4.0 30 1 1.0 0.0 |

Average dev at 60 min = 1.50 Average dev at 180 min = 1.70 Average dev at 290 min = 1.50
Average dev at 120 mnin = 0.90 Average dev at 240 min = 0.80
Tmax S30°F

60 | 6472 9 6.0 0.0 0.0 00 | 50 20 1.0 ( 20 (1.0 1.0
120 0.0 0.0 2.0 30 1.0 1.0 0.0 0.0 1.0 1.0
180 0.0 0.0 1.0 1.0 1.0 2.0 20 ’ 20 | 1.0 1.0
240 00 1.0 0.0 0.0 1.0 1.0 2.0 0.0 1.0 1.0
290 00 | 00} 20 130 (50 |20 |20 10]10 2.0
Average dev ot 6U min = 1.20 Average dev at 180 min = 1.10 Average dev at 290 min = .80
Average dev at 120 min=  0.90

Average dev at 240 min = 0.70
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TABLE 42. DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd)

Deviation values from average tube temperature at

Test | rest | Coker indicated distance from fuel outlet, °F
time,
min | MO no. Inches from fuel outlet
0.85 l O.ﬁl 0.40 | 0.60 l 1.10 I 1.40 [ .70 | 2.00 ] 2.20 l 235 | 0.85
i
Tmax S40°F
o | 6471 8 0.0 20 30 [ 40 | 30 2.0 1.0 00 | -- 20| 0.0
120 0.0 201 00 1.0 | 3.0 2.0 1.0 30 | - 30| 1.0
180 0.0 00| 00 1.0 | 2.0 1.0 1.0 08 | - 00| 20
240 0.0 20 00 2.0 1.0 0.0 0.0 00 | -- 20| 00
290 0.0 00| 0.0 1.0 1.0 20 (10 1.0 | - 40 1] 00
Average dev at 60 min = 1.70 Average dev at 180 min = 0.70 Average dev at 290 min = 1.00
Average dev at 120 min = 1.60 Average dev at 240 min = 0.70
60 | 6479 8 0.0 201 40 20 | 30 3.0 3.0 30 | - 20 3.0
120 0.0 30| 40 | 30 | 29 1.0 1.0 00 | -~ 00| 20
180 0.0 1.0 1.0 30 | 20 2.0 2.0 1.0 | -~ 001 10
240 0.0 30 20 1.0 | 0.0 0.0 0.0 20 | - 00 20
290 0.0 0.0 1.0 1.0 { 00 1.0 1.0 0.0 30| 0.0
Average dev at 60 min = 2.50 Average dev at 180 min = 1.30 Average dev at 290 min = 0.70
Average dev at 120 min = 1.60 Average dev at 240 min = 1.00
60 | 6480 9 0.0 50 30 |20 | 00 0.0 0.0 00 | 0.0 - | 20
120 0.0 1.0 1.0 | 00 | 20 0.0 1.0 20110 - 1.0
180 0.0 1.0 30 | 20 | 20 1.0 2.0 30 [ 1.0 - 1.0
240 0.0 20 00 | 20 1.0 2. 1.0 1.0 | 1.0 1.0
290 0.0 20 60 | 30 {10 0.0 3.0 30 | 20 - 3.0
Average dev at 60 min = 1.20 Average dev at 180 min = 1.60 Average dev at 290 min = 2.30
Average dev at 120 min = 0.90 Average dev at 240 min = 1.10
Tinax SSO°F
60 | 6319 8 0.0 30| 40 | 00 1.0 00 |20 1.0 | - 100 | 20
120 0.0 1.0 1.0 | 40 | 3.0 1.0 5.0 40 | - 40} 20
180 0.0 3.0 3.0 1.0 | 0.0 0.0 0.0 1.0 | - 70 | 2.0
240 0.0 1.0 2.0 1.0 1.0 1.0 20 1.0 | - 120 { 0.0
290 0.0 40| 60 |30 | 20 00 100 8.0 1.6 | 5.0
Average dev at 60 min = 2.30 Average dev at 180 min = 1.70 Average dev at 290 min = 3.90
Average dev at 120 min = 2.50 Average dev at 240 min = 2.10
60 | 6437 9 0.0 1.0 1.0 1.0 | 4.0 4.0 3.0 30 | 40 1.0
120 0.0 0.0 1.0 20 l 0.0 1.0 2.0 00 | 00 1.0
180 0.0 1.0 1.0 | 00 1.0 1.0 1.0 00 | 00 20
240 0.0 1.0 1.0 1.0 1.0 3.0 3.0 20 | 40 2.0
290 0.0 0.0 00 |00 | 20 2.0 1.0 20 | 20 1.0
Average dev at 60 min = 2.20 Average dev at 180 min = 0.70 Average dev at 290 min = 1.0
Average dev at 120 min = 0.70 Average dev at 240 min = 1.80




TABLE 42. DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd)

Test Deviation values from average tube tempe:ature at
. Test | Coker indicated distance from fuel outlet, "F
time,
min no. no. Inches from fuel outlet
; 0.85 l 0.20 l 0.40—[ 0.60 I 1.10 I 1.40 L 1.70 ] 2.00 [2.201 2.35 l 0.85
i Tmax SSO°F {cont'd)
60 | 6452 9 0.0 30 1.0 1.0 1.0 30 2.0 20 1 3.0 - | 9.0
120 0.0 10 |} 30 1.0 | 00 2.0 0.0 201 1.0 3.0
180 0.0 1.0 | 3.0 1.0 1.0 0.0 0.0 00 { 1.0 1.0
v 240 0.0 30 10 | 00 1.0 1.0 1.0 1.0 | 2.0 1.0
1 290 0.0 00 | 0.0 1.0 | 0.0 2.0 1.0 20 | 3.0 - 110
Average dev at 60 min = 2,50 Average dev at 180 min = 0.80 Average dev at 290 min = 1.10
éverage dev at 120 min = 1.30 Average dev at 240 min = 1.10
60 | 6476 9 0.0 0.0 1.0 10 1.0 1.0 2.0 00 [ 2.0 1.0
120 0.0 0.0 1.0 | 2.0 1.0 1.0 0.0 1.0 { 1.0 1.0
180 0.0 20 1.0 30 | 00 1.0 1.0 20 | 0.0 0.0
240 0.0 0.0 20 | 20 ] 20 20 0.0 1.0 | 0.0 0.0
290 0.0 0.0 30 § 20 | 00 1.0 1.0 20 | 2.0 0.0
Average dev at 60 min = 0.90 Average dev at 180 min = 1.00 Average dev at 290 min = 1.10
] Average dev at 120 min = 0.80 Average dev at 240 min = 0.90
Tmax S60°F
60 | 6475 8 0.0 3.0 1.0 10 | 30 2.0 2.0 00 | - 20 ] 00 ,
120 0.0 1.0 { 30 | 20 1.0 1.0 20 20 | - 1.0 | 00 3
180 0.0 20 10 | 20 | 40 40 4.0 2.0 1.0 | 3.0 ]
4 240 0.0 0.0 1.0 10§ 20 1.0 1.0 1.0 1.0 | 0.0
g 290 0.0 10 20 | 00 | 0.0 20 | 1.0 0.0 1.0 |1 2.0
Average devat 60 min = 1.40 Average dev at 180 min = 2.30 Average dev at 290 min = 0.90
Average dev at 120 min = 1.30 Average dev at 240 min = 0.80
Tmax S75°F : s,
60 | 6456 9 0.0 1.0 1.0 j 00 | 30 1.0 0.0 3.0 | 3.0 1.0 SRS
120 0.0 1.0 20 { 20 ¢ 50 30 2.0 20 | 70 3.0 .
180 0.0 0.0 0.0 0.0 1.0 1.0 0.0 Q.0 1.0 1.0
240 0.0 1.0 20 20 | 20 1.0 1.0 0.0 | 0.0 1.0
290 0.0 1.0 | 00 | €0 | 3.0 0.0 0.0 00 | 3.0 1.0
Average devat 60 min = 1.30 Average dev at 180 min = 0.40 Average dev at 290 min = 0.80
Average dev at 120 min = 2.70 Average dev at 240 min = 1.00 B
60 | 6460 9 00 60 { 00 | 00 1.0 (.0 1.0 00 { 4.0 0.0
120 0.0 1.0 0.0 1.0 1.0 0.0 1.0 1.0 1.0 0.0
180 0.0 20 1.0 1.0 | 2.0 0.0 1.0 1.0 | 6.0 20
240 0.0 1.0 1.0 1.0 3.0 1.0 2.0 10 | 5.0 1.0
290 00 |20]20] 1010 |10 30 00]10] — |10 N
Average dev at 60 min = 0.70 Average dev at 180 min = 10.0 Average dev at 290 min = 1.20 2
f Average dev at 120 min= 0.60 Average dev at 240 1ain = 16 .
L
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TABLE 42. DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

T
Test i Deviation values from average tube tempega(ure at
(e ] Test | Coker indicated distaqce from fuel outlet, "F
min‘ g no. 1o, . Inches from fuel outlet
| 085 [020] 040 ] 060 [ 1.10 [ 140 [1.70 [ 200 | 220 [ 2.35 [ 085
Tmax 610°F
60 | 6362 { 8 0.0 30 2.0 2.0 2.0 1.0 6.0 4.0 30 (1.0
120 i 0.0 6.0 2.0 1.0 1.0 4.0 2.0 30 10 | 1.0
180 f 00 [ 00| 0000100 |20 |00 10| - 1.0 | 0.0 %
240 1 0.0 6.0 0.0 20 3.0 4.0 3.0 30 60 | 0.0
290 0.0 3.0 1.0 2.0 1.0 2.0 1.0 00| - 00 '20
Average dev at 60 min - = 2.40 Average dev at 180 min = 040 Average dev at 290 min = 1.20 !
Average dev at 120 min = 2.10 Average dev at 240 min = 2.60 ;
Tmax 635°F ‘
T T
60 | 6360 . 8 00 | 70 | 30 | 20 | 20 | 30 |30 | 20| - 50 | 2.0
120 f 60 1.0 2.0 30 | 40 0.0 2.0 20 - 9.0 | 00
180 E 00 | 20| 00 |00 |10 |20 |50 ] 40| - 0.0 | 0.0
240 ; 0.0 20 | 40 1. | 20 50 4.0 40 | - 10 | 0.0
290 “ 0.0 3.0 3.0 2.0 1.0 5.0 20 | 10 - 10 {190 :
Average dev at 60 min = 2.90 Average dev at 180 min = 140 Average dev at 290 min = 1.90 :
Average dev at 120 min = 2.30 Average dev at 240 min = 2.30
Tmax 650°F :
60 |637 . & oo [20! 301010 {30 [10] 20] «~ | 5020
120 1 00 {60 i 10 |10 |10 {00 |10 ]| 10] - 20 |00
180 { | 00 | 10 120 [ 20 [20 [50 [60 | 90| ~ | 3030
240 } 0.0 40 30 2.0 1.0 2.0 1.0 30 40 |20
290 | ; 00 |30 12010 20 [30 [20] 30| — | 5010
Average devat 60min = 2.00 Average dev at 180 min = 3.30 Average dev at 290 min = 2.20
Average dev at 120 min = 0.70 Average dev at 240 min = 2.20
o0 | 6459 8 ] 0.0 1.0 0.0 1.0 0.0 0.0 1.0 2.0 1.0 | 0.0
120 } [ 0.0 20 2.0 20 30 1.0 20 3.0 00 | 3.0
180 | 0.0 2.0 4.0 2.0 2.0 30 2.0 2.0 30 ;1.0
240 } 0.0 0.0 0.0 1.0 1.0 1.0 20 1.0 20 |00
290 [ 0.0 30 0.0 2.0 2.0 1.0 3.0 3.0 0.0 10.0 |
Average devat 60 min - = 0.60 Average dev at 180 min = 2.10 Average dev at 290 min = 1.40
Average dev at 120 min = 180 Average dev at 240 min = 0.80
60 66s2 ] 8 | 00 W 00 |20 {20 [30 20 [20 ] 49|00 | 10 ]30
120 | oo 120 |20 {10 320 130 2010 20]10 | 00|20
™ ; foo 120 1o 1o foo 00 (10 ] 0010 | 00 |00
240 | boo Tso b0 b 0 20| 20010 | 10 |20
290 | 00 [0 Lo 30 (30 020 1o | 0] 20 | 20 20
“Average dev at 60 min = 1.90 Average dev at 180 min = 0.60 Average dev at 290 min = 2.00
Average dev at 120 nun = 1.70 Average dev at 240 min = 190
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TABLE 42. DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd)

Test 4 Deviation values from average tube temperature at
. Test | Coke: indicated distance from fuel outlet, °F
time,
min no. no. ’ Inches from fuel outlet
I 085 I 020 | 040 | 060) 1.10 | 140 1.70 | 2.00 | 2.20 | 2.35 TO.SS
| :
Tmax 665°F
60 | 6508 9 0.0 00 | 20 | 00 1.0 1.0 0.0 1.0 1.0 1.0
129 0.0 1.0 | 20 | 00 1.0 1.0 2.0 2.0 001} 10
180 0.0 201 20 1.0 1.0 1.0 0.0 1.0 1.0 | 2.0
240 0.0 3.0 20 1.0 1.0 1.0 1.0 1.0 1.0 | 3.0
290 0.0 1.0 3.0 10 | 00 1.0 2.0 1.0 - 1.0 { 1.0
Average dev at 60 min = 0.70 Average dev at 180 min = 1.10 Average dev at 290 min = 1.10
Average dev at 120 min = 1.00 Average dev at 240 min = 1.40
Tmax 675°F
60 | 6509 8 0.0 0.0 1.0 1.0 | 30 3.0 3.0 20 20| 0.0
120 00 20 1.0 20 | 10 4.0 1.0 0.0 00 | 0.0
180 0.0 3.0 18 ] 00 1.0 1.0 2.0 10 06| 1.0
240 0.0 30 | 30 30 | 20 2.0 1.0 1.0 1.0 ; 3.0
290 0.0 0.0 2.0 30| 50 40 4.0 30| - 30 1| 20
Average dev at 60 min = 1.50 Average dev at 180 min = 1.00 Average dev at 290 min = 2.60
Average dev at 120 min = 1.10 Average dev at 240 min = 1.90
Tmax 700°F
60 | 6314 8 0.0 00 | 30 | 40| 30 2.0 1.0 30 00110
120 0.0 20 ] 30 | 40 | 60 5.0 3.0 30 - 20130
180 0.0 20 | 40 1.0 | 00 0.0 20 0.0 1.0 | 1.0
240 0.0 50 | 3.0 20 [ 30 3.0 1.0 3.0 30 | 30
290 0.0 3.0 1.0 | 20 1.0 0.0 3.0 1.0 20 | 1.0
Ave -age dev at 60 min = 1.70 Average dev at 180 min = 1.10 Average dev at 290 min = 1.40
Average dev at 120 min = 3.10 Average dev at 240 min = 2.60
60 | 6354 8 0.0 4.0 1.0 2.0 1.0 1.0 1.0 1.0 601} 1.0
120 0.0 1.0 | 40 1.0 | 00 0.0 20 4.0 30|20
180 0.0 1.0 3.0 1.0 | 20 6.0 3.0 9.0 30 | 3.0
240 0.0 2.0 50 [ 00 [ 30 3.0 7.0 6.0 10.0 | 0.0
290 0.0 00 | 50 | 20| 20 6.0 9.0 | 11.0 1.0 | 2.0
Average dev at 60 min = 1.80 Average dev at 180 min = 3.10 Average dev at 290 min = 3.80
Average dev at 120 min= 1.70 Average dev at 240 min = 3.60
60 | 6366 8 0.0 50 | 00 201 20 0.0 1.0 3.0 ! 40 | 20
120 0.0 5.0 1.0 1.0 | 0.0 20 1.0 7.0 | 1.0 110
180 0.0 1.0 | 00 | 00 1.0 3.0 2.0 6.0 1.0 | 2.0
240 0.0 7.0 | 30 20| 20 0.0 2.0 4.0 60 | 1.0
290 -
Average dev at 60 min 1.90 Average dev at 180 min = 1.60 Average dev at 290 min = -

Average dev at 120 inin

"M

1.90

Average dev at 240 min = 2.70
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TABLE 42, DEVIATION DATA FRGH «ULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont'd)

Average dev at 120 min = 3.50

Average dev at 240 mir = 2.20

Test Deviution values (rom average tube temperature at
o Test | Coker indicated distance from fue' outlet, °F
time,
min no. no. Inches from fuel outlet
0881 0201 040 [ 060 [ 1,10 | 140 | 1.70 | 2.00 | 220 | 2.35 | 0.85
Tmax 700°F (cont'd)

60 | 6372 8 ou 2.0 W 1.0 1.0 | 3.0 7.0 7.0 40 | - 40 | 0.0
120 0.0 0! 40 | 20 | 20 20 5.0 70 | - 1.0 | 2.0
180 0.0 2.0 1.0 | 40 | 3.0 3.0 40 40 | - 30 | 40
240 0.0 3o | 5o 1.0 | 40 130 |140 | 150 - 00 | 1.0
290 . - - -

Average dev at 60 min = 2.90 Average dev at 180 min = 2.80 Average devat 290 min = —
Average dev at 120 min = 2.60 Average dev at 240 min = 5.60

60 | 6378 8 0.0 40 | 30 | 30 | 40 1.0 30 20 | - 60 | 1.0
120 0.0 40 | 20 | 40 | 10 1.0 20 10 | — 1.0 | 3.0
i80 0.0 30 1.0 | 30 | 20 20 2.0 20 - 1.0 | 1.0
240 0.0 1.0} 20 |20 | 10 20 1.0 10 | - 40 | 3.0
290 0.0 2.0 1.0 | 30 | 3.0 2.0 2.0 00 | - 30110

Average dev at 60 min = 2,70 Average dev at 180 min = 1.70 Avcrage devat 290 min = 1.70
Average dev at 120 min = 1.90 Average dev at 240 min = 1.50

60 | 6386 8 0.0 10 ] 40 | 20 | 10 2.0 1.0 20 | - 40 [ 1.0
120 0.0 20| 30 | 00 § 30 5.0 2.0 00 | - 00 |20
180 0.0 0.0 1.0 0.0 10 30 3.0 20 120 | 1.0
246 0.0 3.0 1.0 6.0 20 10 1.0 2.0 50 | 1.0
290 0.0 40 | 30 10 | 00 1.0 2.0 20 | -~ 10 | 1.0

Average dev at 60 min = 1.80 Average dev at 180 min = 2.30 Average dev at 290 min = 1.5
Average dev at 120 min = 1.70 Average dev at 240 min = 2.20

60 | 6390 8 0.0 00} 00 j 0O |10 0.0 0.0 20 - 20 | 1.0
120 0.0 30 | 20 } 00 | 10 20 2.0 4.0 - 20 |10
180 0.0 00| 00 | 20 | 10 1.0 0.0 0.0 - 1.0 { 0.0
240 0.0 1.0 | 20 | 00 | 1.0 1.0 1.0 2.0 - 00 | 19
290 0.0 301 40 | 00 | 00 2.0 1.0 40 [ - 1.0 | 20

Average dev at 60 min = 0.60 Average dev at 180 min = 0.50 Average dev at 290 min = 1.70
Average dev at 120 min = 1.50 fwerage dev at 240 min = 0.90

60 | 6393 8 0.0 2.0 1.0 10 | 1.0 1.0 1.0 1.0 - 10 | 1.0
120 0.0 60 | 3.0 | S0 | 3.0 6.0 4.0 3.0 - 30 (20
180 0.0 50 00 20 | 1.0 1.0 1.0 1.0 - 30 100
240 0.0 10 [ 30 | 20 | 30 20 5.0 20 - 30 | 1.0
290 0.0 00 | 20 10 | 00 1.0 0.0 1.0 | - 00 | 0.0

Average dev at 60 min = 1.00 Average dev at 180 min = 1.40 Average dev at 290 min = 0.50
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TABLE 42, DEVIATION DATA FROM MULTIPLE TEMPERATURE PROFILES IN ALCOR JFTOT (Cont’d)

Test

Deviation values from average tube temperature at

. Test | Coker indicated distance from fuel outlet, °F
time,
min no. no. Inches from fuel outlet
0.85 | 0.20 | 040 | 060 [1.10 | 1.40 | 1.70 [ 2.00 T 2.20 | 235 ] 085
Tmax 700°F (cont'd)

60 | 6399 8 0.0 0.0 3.0 3.0 1.0 30 30 3.0 ‘ 10| 1.0
120 0.0 1.0 0.0 1.0 | 0.0 1.0 0.0 1.0 00 | 2.0
180 0.0 1.0 2.0 1.0 2.0 2.0 2.0 2.0 10| 1.0
240 0.0 20 6.0 1.0 § 0.0 0.0 0.0 2.0 1.0 { 2.0
290 0.0 0.0 .0 20 1.0 1.0 20 0.0 i0| vo

/wverage dev at 60 min = 1.80 Average dev at 180 min = .40 Average dev at 290 min = 0.80
Average dev at 120 min = 0.60 Average dev :t 240 min = 0.80

60 | 6403 8 0.0 20 1.0 1.0 | 0.0 3.0 3.0 40 20| 0.0
120 0.0 4.0 40 3.0 20 2.0 2.0 3.0 401 1.0
180 0.0 3.0 2.0 40 | 0.0 1.0 0.0 4.0 10| 1.0
240 0.0 5.0 1.0 2.0 50 | 30 1.0 3.0 60| 1.0
290 0.0 5.0 1.0 0.0 00 ' 20 20 2.6 201 10

Average devat 60 min = 1.60 Average dev at 180 min = 1.60 Average dev at 290 min = 1.50
Average dev at 120 min = 2.50 Average dev at 240 min = 2.70

60 | 6408 8 0.0 1.0 40 1.0 20 2.0 20 2.0 501 1.0
120 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 10§ 1.0
180 0.0 30 1.0 2.0 1.0 1.0 1.0 3.0 201 1.0
240 0.0 1.0 5.0 2.0 1.0 20 1.0 20 1.0 2.0
290 0.0 3.0 4.0 1.0 1.0 0.0 1.0 1.0 201 1.0

Average d~vat 60 min = 2.00 Average dev at 180 min = 1.50 Average dev at 290 min = 1.40
Average dev at 120 min = 0.30 Average dev at 240 miit = 1.80

60 | 6451 8 0.0 1.0 1.0 00 | 00 1.0 0.0 0.0 1.0 | 0.0
120 0.0 2.0 1.0 0.0 1.0 0.0 1.0 1.0 20] 20
180 0.0 3.0 2.0 1.0 | 0.0 2.0 1.0 0.0 20] 1.0
240 0.0 0.0 0.0 1.0 | 0.0 1.0 1.0 1.0 30] 0.0
290 0.0 0.0 0.0 0.0 1.0 2.0 1.0 1.0 097 1.0

Average dev at 60 min = 0.40 Average dev at 180 min = 1.20 Average dev at 225 min = 0.60
Average dev at 120 min = 1.00 Average dev at 240 min = 0.70
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