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I. INTRODUCTION

The Army Scientific Advisory Panel, in its Summer Study 76 (1)*, recommended
a research program on high-energy fuels, i.e,, fuels that could incresse the
payload capabilities and/or extend the operational range of both its tacti-
cal and combat vehicles, The development of such a fuel or fuels would need
to be conventional enough that they could be used in present and future Army
vehicles, yet novel enough that they contain the high-energy (per unit
volume) requirement necessary to fulfill the need.

The Air Force and Navy are also interested in high-energy (high-density)
fuel development. The Air Force at its Aero Propulsion Laboratory at
Wright-Patterson Air Force Base has been actively evaluating hydrocarbon
blends that are potential performance improvers for its air-breathing type
nissile systems, This class of fuel would be exceptionally good for use in
the strategic cruise missile whose maximum effectiveness depends on maximum
range, minimum time to reach the target, and minimum weight, Since small
missiles, such as the cruise, are volume-limited, it is imperative that the
fuel contains a high-energy content per unit volume, In general, an in-
crease in the volumetric energy content of a fuel will result in the range
of the missile being increased by a like percentage, Although several ways
are available to increase the energy content of a given quantity of fuel,
the most applicable for missiie use 1s to increase the fuel's density.
Research on high-density, high-energy 1liquid hydrocarbon fuels by the Air
Force and Navy continues. This work is being closely monitored by the U.S.
Army. A few of these fuels that may be of interest to the Army are des-
cribed later. The purpose of this program was recently reaffirmed and
summarized in a letter from U,S. Army Mobility Equipment Research and Devel-
opment Command (USAMERADCOM) to Army Fuels and Lubricants Research Labora-
tory (AFLRL).(2) The letter stated that the purpose of the High-Energy Fuel
Program 1is to provide the user with a fuel having the following charac-

teristics:

*Urderscored numbers in parentheses refer to the list of references given at
the end of this report.
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. Increases range by 10 percent without any increase in fuel tank
volunme;

. Does not require any engine modificetion;

. Is in liquid form for use in existing equipment (two-phase fuel
acceptable);

° Has no detrimental effect on the engine;

) Is able tco use the existing (uel-handling and transportation
equipment;

° Displays no unusual toxicology problems (compared to existing
petroleum fuels);
Considers cost when the above-mentioned requirements are achtieved;
Is svailable for user acceptance test by FY83;
Is not coansidered as a booster for the FRF only, but should per-

form by {tself, as specified.

Ao interim report,(3) released in October 1979, covered the progress made on
the Army High-Energy Fuels Program from October 1977 until October 1979,
The curreant report covers the period from October 1979 through September
1981.

II. APPROACH

The approach has been to identify those fuels and fuel components that have
the potential of being high-energy fuel candidates or components for pre-
paring such fuels, A series of screening processes were used to siangle out

these fuels.

The init{ial screeaing uses the volumetric heat of combustion (AHc) as the
main criterion., The physical and chemical properties of the fuel and fuel
components are determined in the laboratory whenever possible or values from

the chemical literature are used. Density and percent hydrogen are deter-

mined on the fuel whenever feasible since they are used to convert the

SRR e VTR I LTS ST TR IO



gravimetric determined (ASTM D 240-76) gross AHc to the net volumetric AHc

RS HCos, KO

' e

value.

Wed o

Cindbl

The experimental gross gravimetric heat of combustion, as measured by ASTM

Method D 240, is usually reported in British thermal units (Btu) per pound.
If the hydrogen content of the sample is known, this value can be converted
to the net gravimetric heat of combustion. Knowing the density of the
gample, the volumetric heat of combustion can be obtained. In this report,

this value will be expressed in Btu per gallon.

AST™ Method D 240 states that duplicate results by the same operator should
be considered suspect if they differ by more tham 55 Rtu per pound and the
results by two or more laboratories should be considered suspect if they

differ by more than 175 Btu per pound.

In this report, as a matter of convenience in presenting and comparing the
data, the last digit in the gravimetric heat of combustion value is adjusted
to the nearest multiple of five. This can be done since the last digit is
an order of magnitude less than the precision of the method.

i?
é
3
i
i
i
i
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Most of the fuels and fuel blends described in this report are liquids at
room temperature, The selection was intentional, as liquid fuels are easier
to handle and transport in existing fuel equipment and would undoubtedly run
with less problems in diesel and turbine type engines than slurried fuels.

However, promising slurried fuels were also tested. The second screening
process us2s a Petter engine as the screening tool. This engine, described
| in detail later, was adequate for this use. A highly {nstrumented CLR
engine was used in a few of the screening tests, but because of the uncer-
tainty of its availability when needed and its time-consuming operation, &
simple screening device was needed. The Petter engine proved to be a suit-
able choice., This CLR engine will be uged henceforth only in testing those 1
fuels showing the greatest promise from the results of the first two screen-
ing tests, Only after passing this final screening with the CLR engine was
the candidate fuel considered for the extensive engine tests neceasary for

qualifying it as a high-energy fuel.




Figure 1 1illustrates the steps in the testing procedure for aqualifying a
high-~energy fuel,

SELECTION OF CAXDIOATE '
I SCREENING

CANDIOATE Lo

LABORATORY
FUEL 0

CLR ENGINE

FULL/SCALE
ENGINE
TESTS

H1G 1~
VEHICLE
TESTING € NF RGY

FUEL

FIGURE 1, FLOW CHART OF TES'TING PROCEDURE
POR EVALUATING HIGH-ENERGY FUEL

MERADCOM Commander, during a visit to AFLRL 13 March 1978, commented on the .
desirability of developing a high-energy fuel that was fire safe, and that ﬁ

the High-Bnergy Fuel (HEF) Program and the Fire-Resistant Fuel (PRF) Program j
should eventually merge.

Efforts heve been made during the last 2 years to interface the HEF and FRF
programs whenever possible, without diluting the goal of achieving a high-
energy fuel that maets the chavacteristics described earlier.

ITT. TECHNICAL PROGRAM

A, Liquid High-Energy Components :

Some of.the 11quid components described below and listed in Table 1 could

12
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TABLE 1. LIQUID HIGH-ENERGY COMPONENTS

(ISP “IRTT N li;:;ainmmme%

Density :

15.56°C (60°F) AHc (net) AHc (nmet) j
Component (g/ml) Btu/gal. Btu/lb _§/Gal. i %
. 3 t
RJ-S 1.089 160,390 17,735 86.00(a) 3 ?
JP-10 0.940 144,615 18,435 15.15(a) - B
RJ=-6M 1.001 150,070 17,970  40.00(a) b
Tetralin '
(Tetrahydrouaphthalene) 0.972 140,990 17,580 13.90(b) g
Furfural Extract 0.987 143,415 17,565 1.25(c) a
SRC-11 N
(a) 2.9:1 middle distillate i
to heavy distillate 0.999 137,895 16,540 0.62 tg i
0.69(d H
(b) middle distillate 0.984 134,755 16,410 0.61 to :
0.69(d) ]
Polycyclic Aromatic ﬁ
Blending Stock 1.017 140,340 16,340 1.38(e) i
No. S5 Burner 04l 0.917 137,700 17,99% 1.90 to 3
1.93 (€) ]
No. 6 Fuel 01l 0.978 141,575 17,350 0.80 to >
DP-2 (Cat 1-H) 0.8504 132,365 18,665 1.69(h)
DF-2 (Typical) 0.8484 130,615 18,450 1.00 v

B

(a) Estinmated price in quantities of 5000/6000 gal. (Ashland
Chemical Co.)

(b) Estimated price in 40,000 gal. quantities (DuPont)

(c) Estimated price-~Ashland Chemical Co.

(d) Wholesale net back to the plant: Bulk shipment. Excludes trans-
portation, tax, handling, sales margin, distribution costs.(4)

(e) Tank car; tank truck FOB W, VA.

(f) Truck transport, FOB Chicago

(g) Truck transport, FOB Baltimore (0.5% sulfur)

(h) 8,000-10,000 gallons

[ I O

possibly be used as fuels without further modification or blending with
other materials; eome amay require a small amount of cetane improver; sand
some may be too costly to use neat but are desirable as a component because i
of eome beneficial property, such ss a very high volumaetric heat conteat, é |

viscosity improver, etc.

Poh wlsin, B
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1. RJ=5
This synthetic 1liquid hydrocarbon fuel was described in an earlier re-
port.(3) It was one of the first high-density fuels of the polycondensed
ey2loparaffic type studied and is currently being produced by Ashland Chem-
ical Company. The typical properties of this fuel, as supplied by the
manufacturer, are licted in Table 2. RJ~5 has the highest volumetric heat

TABLE 2. TYPICAL PROPERTIES OF RJ-5

Specific Gravity, 15.56°C (60°F) 1.06 (min)
Existent Gum, mg/100 m\ 7.0 (max)
Aromatics, volX 1.0 (max)
Sulfur, total, wtZ 0.06 (max)
Pour Point, *C (°F) -28.9 (-20)
Net heat of combustion, Btu/lb 17,750

Net heat of combustion, Btu/gal.
Viscosity, cSt

at -53.9°C (=65°F)

160,000 (min)

20,000 (max)

at -1,1°C (-30°P) 1,400 (max)
at 37.7°C (100°F) 15 (max)
Flash Point, °C (°F) 65.6 (150)

of combustion of any liquid componeat tested (~160,000 Btu/gal,), but is
expensive. Impact dispersion tests (5) using fuel blends of RJ-5 with DF-2
and with FRF indicated that RJ-5 had fire-resistance properties under the
conditions of the test. The result of these tests are described in Section
I11. E. of this report.

2, JP-10 (Exo-Tetrahydrodicyclopentadiens)

JP-10 was also described 1in Reference 3. The typical properties of JP-10
are shown in Table 3.

14
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TABLE 3. TYPICAL PROPERTIES OF JP-10 3

Exo~-tetrahydrodicyclopentadiene (C, H,,) =§

1016 3
Molecular Weight 136.2 I
C:H Rattio 0.62 x q
Specific Gravity @ 15.6°C (60°F) 0.94 ER
Heating Value, Btu/gal. 142,000 g 5
Viscosity, ¢St @ =40°C (~104°F) 19 : i
Freezing Point, °C (°F) ~78.9 (~110) R |

Flash Point, °C, (°F) 57.2 (135) )

3.  RJ-6M '

This high-energy candidate {s the latest to emerge. It has been tested in
the laboratory and later screened using the Petter engine, RJ-6M was de-
veloped by Ashland Chemical Company, and its composition at present is
proprietary., Table 4 lists the typical propertiss of this fuel as supplied

- Vo DY Rt Y
P F U ST 1 7 SO WO Lonnedly S i

Nt

ok o

TABLE 4., PROPERTIES OF RJ~6M

Density @ 15,56°C (60°F) 1.001 g/ml (8.352 1b/gal.) _
Net Heat of Combustion g
Btu/1b 17,968
Btu/gal. 150,069
Viscosity @
~-17.8°C (0°F) 68.5 cSt
-31.7°C (~25°F) 110 cSt ;
=34.4°C (~30°P) 240 cSt ;
=40.0°C (~104°F) 360 cSt [
Flash Point, °C (°F) 68 (140) '

by the manufacturer.® The AFLRL experimentally determined cetane numbers,
with and without cetane improver, are listed in Table 5., This fuel is a

L e AR et

good high-energy candidate.

‘ i
3
1
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TABLE 5. EXPERIMENTALLY DETERMINED CETANE NUMBERS
OF RJ-6M WITH AND WITHOUT CETANE IMPROVER

Cetane No,

RJ=6M (neat) 30
RJ-6M + 0.4 wtX amyl nitrate 39
RJ=6M + 0.8 wtX amyl anitrate 45

4. Tetrahydronaphthalene gTetralin*z

1,2,3,4—tetrahydronaphthalene, commonly referred to as tetralin, 1is the
product of the partial hydrogenation of naphthalene and is a solvent for
oils, resins, asphalt, rubber, and waxes. The typical properties of
tetralin soclvent as supplied by the manufacturer are shown in Table 6.
The AHc and elemental analysis were dstermined at APLRL.

Certain safety precautions are necesgary with its use, On a one-time
exposure, it may cause a mild {irritation to the skin and eyes. Repeat

TABLE 6. TYPICAL PROPERTIES OF TETRALIN SOLVENT

Molecular Weight 132,2
Boiling Point (760 mm Hg), °C (°F) 207 (495)
Freezing Point, °C (°F) =31 (-24)
Specific Gravity, 20°C 0.970
Vapor Pressure, mm Hg

@ 100°c 27

@160°C 221
Solubility in water Negligible
Flash Point, tag closed cup, °C (°F) 82 (180)

AHc Btu/1b (net) 17,578

AHc Btu/gal. (net) 140,295
Elemental Analysis, wt?

Carbon 90,84

Hydrogen 9.16

*Du Pont Co,, Wilmington, Dalawvare
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exposure is more hatardous, as it can defat the skin, causing it to crack and
lead to secondary infection. Studies with animals have caused liver and

kidney damage and cataract formatlion by repeated oral or inhalation exposure.

S. Extract From Furfural Unit

It vas noted in a recent report (6) that the extract from the furfural unit
in a lube plant has a relatively high heating value (154,000 Btu/gal,), but
will probably vary, depending on the type of lube stock being processed.
Several rvefineries in the United States use the furfural unit 1in their

processes, Samples were requested from two of these refineries.

One sample (Nuflex®) has been received from {ts manufacturer* with a data
gheet containing 1its typical proparties. The AHc was determined at AFLRL
and found to be somewhat lower than expected. However, the extract would
be expected to vary, depending on the lube oil being treated. The proper-
ties of the furfural extract are listed in Table 7. This product should be

TABLE 7. PROPERTIES OF FURFURAL EXTRACT

API Gravity @ 15.6°C (60°PF) 11.8
Density, 1lb/gal. @ 15.6°C (60°F) 8.223
Viscosity @ 37.8°C (100°F), SUS 288
Viscosity @ 98.9°C (210°F), SUS 44,4
Aniline Point, °C (°F) 19.4 (67)
Flash Point, COC, °C (°PF) 207.2 (405)
Refractive Index, 20°C (68°F) 1.5645
Pour Point, °C (°F) 1.7 (35)
Clay Gel Analysis
Saturates, wtX 12,0
Polar Compounds, wt¥ 8.6
Aromatics, wt? 79.4
Asphaltenes, wtX 0
Elemental Analysis
Sulfur, wt? 2.5-3.0
Nitrogen, ppm 1500-2000
Hydrogen, wt% 7.5-8.0
Carbon, wt? 89-90
Net AHe
Btu/1b (net) 17,540-17,590%+
Btu/gal. (net) 144,4585-142,375

**Rangs given; actual value depends on parcent of hydrogen present

#Ashland Chemical, Dublin, OH
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relatively inexpensive, and further testing of the product 1is planned.

6. SRC-11 (Solvent-Refined Coal I1I)

A process is under development for transforming high-sulfur coal into dis-
tillate fuels and various gaseous products. Plans have been made to con-
gtruct a 6000~-ton per day demonstration plant for DOE near Morgaantown, WV,
but as of this date these plans have been temporarily suspended., The use of
SRC~-II fuels for steam was expected to become competitive with petroleum-
based fuels within 10 years.(7) A sample of a fuel o1l blend (2.9:1 middle
distillate:heavy distillate) was obtained from a solvent-refined coal
pilot plant at Fort Lewis, WA. The analyses received with the sample were
for a batch blend; not for the specific sample reported here. These analy-
ses are listed in Tagble 8, Tests conducted at AFLKL indicated that the

sample received was a representative oune,

TABLE 8. PROPERTIES OF SRC-1I
(2.9 to 1, Middle Distillate to Heavy Distillate)

Specific Gravity, 15.6°C (60°C) 0.999
®API at 15.6°C (60°C) 10.14
Viscosity

@ 43.3°C (110°F), cSt 4,527

@ 98.9°C (210°F), cSt 1,289
Flash Point, AST™ D 93, °C (°F) 71.1 (160)
Heat Content

Btu/1lb (net) 16,540

Btu/gsl. 137,895
Coal Tar Acid, ml1/100 g 25.9
Sulfur, wtX 0.21
Ash, % 0.02
IBP, °C (°P), ASTM D 86 170 (338)
End Point, °C (*PF) 371 (700)
Hydrogen¥®, wtX 8.64

*Determined at APLRL

* —-—
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The fuel listed in Table 8 was known to be highly aromatic and to have a
very low cetane anumber. The cetane test engine would not run on SRC-II
neat., Therefore, 3 wtX and 5 wtX amyl nitrate (a cetane improver) was added
to samples of the above fuel oil blend, and cetane determinations were made
at AFLRL., The results are shown in Table 9.

TABLE 9. CETANE DETERMINATIONS OF SRC-I1I
WITH VARIOUS CONCENTRATIONS OF CETANE IMPROVER AND BLENDED WITH DF-2

WtX SRC DF-2 WtZ Amyl Resulting
(AL~8321-F) (AL-7225) Nitrate Cetane Number
100.0 — ——— Engine would
not run

— 100.0 —— 49

9700 - 300 18

9500 - 5.0 27

48,5 48.5 3.0 37

48.5 50.0 1.5 29

-== Indicates none of this material used in the blend.

Even with the amyl nitrate added, the cetane number of this SRC-II was still
ralatively low., A sample from this fuel (without cetane improver) was run
in a CLR engine as a 50:50 mixture with diesel fuel on another program at
Southwest Ressarch Institutas (SwRI). No difffculties were experfenced on
this brief run,

Another sample of SRC-II from the same source was almost entirely middle
distillate, Cetane number was determined to ba 16. The properties of this
fuel, determined at AFLRL, which related to the high-energy fuel program are
sunmarized {n Table 10, and the complete inspection data on this SRC-1I
middle distillate sample can be found in Appendix A, No. 1., The salety and
toxicological aspects of solvent-tefined fuels are given in Appendix A, No.
2,
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TABLE 10. PROPERTIES OF SRC-11 (Middle Distillate)

Specific Gravity, 15.6/15.6°C (60°C) 0.9840

ISP LI PG T ISP 72 CTRAJUgc o )~

Viscosity -~

@ 37.8°C (100°F), St 3.83

@ 40.0°C (104°F), cSt 3.68 ;
Flash Point, AST™M D 93, °C (°F) 80 (176) .
Heat of Cowbustion -

Btu/1b 16,410

Btu/gal. 134,755
Hydrogen, wtZX 8.64 :
Ash, wtX 0.0023 i

Cetane No., 16 "

7. Polycyclic Aromatic Blending Stock

Another refinery product that 1is relatively inexpensive and has a fairly
high volumetric heat of combustion is a polycyclic aromatic blending stock.
Ite properties, as determined at AFLRL, are listed in Table 11,

¢~ apme— =

TABLE 11. PROPERTIES OF POLYCYCLIC AROMATIC BLENDING STOCK

Specific Gravity, 15.6/15.6°C (60°C) 1.0173

Heat of Combustion .
Btu/1b (net) 16,535
Btu/gal. (net) 140,340

Carbon, wt? 90,89

Hydrogen, wt¥% 7.70

FIA (Aromatics), wt? 97

Monoaromatics, wt¥ 7.2

Diaromatics, wt? 75.2

Triaromatics, wtZ 1.4 1

Olefin, wt? 1.4

Saturates, wt? 1.5

20




8. Burnec Oil No. 5

4 This fuel is included as a blending component because of its moderately high
volumetric heat content and relatively low cost., Its properties, as deter-
’ mined at AFLRL, are listed in Table 12,
TABLE 12. PROPERTIES OF NO. S BUKNER OQIL

Cetane No,
Viscosity, 40°C (l04°F), cSt
API Gravity, 15.6°C (60°F)
Density, g/ml, 15.6°C (60°F)
Flash Point, ASTM D 93, °C (°F)
Sulfur, wtX
Pour Point, °C (°F)
Ash, wtX
Hydrogen, wtX*
. Heat of Combustion
Btu/1b (net)
Btu/gal. (net)
- Copper Strip Corrosion, S0°C (122°F)
ASTM D (30

*Calculated

41.0
185.9
22.8
0.9170
168 (227)
0.65

21 (70)
0.248
13.86

17,995
137,700

la

i ade AT LN

9. No. 6 Fuel 01l (Bunker C)

burned.

. combustion. The properties are listed in Table 13,

21

from straight-run or cracked residiums in the refinery operation.
is comparatively 1inexpensive with a relatively high volumetric heat of

! This 18 a heavy residual oil that requires preheating before it can be

It 18 used as a fuel for industry and ships, and can be obtained
This oil
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TABLE 13, PROPERTIES OF NO. 6 FUEL OIL

Caetane No. 26
Viscosity, 40°C (104°F), cSt 137.89
°API Gravity, 15.6°C (60°F) 13.2
Density, 15.6°C (60°F) 0,978
Sulfur, wtX 1.5
Pour Point, °C (°F) -3 (27)
Ash, wtX 0.47
Hydrogen, wtZ 10.58
Heat of Combustion

Btu/1lb (net) 17,350

Btu/gal. (net) 141,575

10. JP-9

—

This is a three-component blend of JP~10 (65-70 wtX), RJ-5 (20=25 wtX), and
methyleyclohexane (10-12 wtX). It has a net volumetric heatiag value of
approximately 142,000 Btu/gal., with a flash point of 24°C. Ounly a limited
amount of testing was doune with this fuel,

B. Solid High-Energy Components

Some of the solid components described below and listed in Table 14 are
materials that are soluble in other liquid components or ia DF-2, They can
be used to augment the energy coatent of the component or fuel in which they
are dissolved. 1In cases where the solubility is not appreciable, slurries
are a definite possibility, although one-phase liquid fuels are the more

desirable.

1. Naphthalene

22
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TABLE 14, SOLID HIGH-ZNERGY COMPONENTS

Net Heat of Codbustion,

Solid Component(a) Denaity, °C Btu/lb
Naphthalene 1,178 {3285 (b) (0) 16,720 (b) (c)
1.162 £2 (4) 16,725 (e)
Phenanthrene 1.179 25 (d) 15,935 (g)
1.063 §3232 (£)
Anthracene 1,283 22 (n) (1) 16,695 (g)
1.25 2 (a) (3) 16,725 (k) S
16,770 (c)
SRC-1 1.2 (k) 15,215 (g)
Carbon Black (n) 1.80 1222 (e) 13,875 (g) 5
(Raven 1170) * i
Notes: j
(a) Solid at room temperature, 1
. (b) Technical Data Book = Petroleum Refining, 2nd Edition, 1970, American %

Petroleum Ingstitute, Washington, D.C.

(c) Extrapolated from higher temperature,

- (d) The Merck ladex, Ninth Edition, Merck & Co., Inc., Rahway, N.J. 3

(e) Calculated from data in CRC Handbook of Chemistry & Physics, 59th 1
Edition, CRC Press, West Palm Beach, FL.

(f) The Condensed Chemical Dictiomary, Fifth Edition, 1958, Reinhold Pub-
lishing Co., NY

(g) Experimentally determined at AFLRL,

(h) CRC Handbook of Chemistry & Physics, 59th Edition, CRC Press, West Palm
Beach, FL.

(1) Dictionary of Organic Compounds, Revised Edition, 1953, Oxford Univer~
sity Press, NY.

(J) Calculated from data in note (h) and corrected to net value, Litera-
ture value at 25°C.

(k) Calculated from data in note (1) and corrected to net value., Litera~
ture value at constant pressure,

(1) Temperature of measurement not given in reference; from Table of Typi-
cal Properties of SRC-I Product, Coal, Feed-Western Kentucky Bituminous,
Synthetic Fuels Data Handbook, 2nd Edition, Cameron Engineers, Inc.,

Denver, CO.
(m) Manufacturer (Cities Service Co., Columbian Div., Akron, OH) suggests

LY

ARG ooyl yv=oiF vl

' ' this density for practical purposes in calculating formulations,
(n) See Appendix H for the properties of the carbon ' cks used in this N
. report. :
23
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Naphthalene can be derived from coal-tar oils or produced by dealkylation of
a refinery stream containing heavy aromatics such as those found in a heavy

reformate or from cycle stock from a catalytic cracker.

Naphthalene is used in the manufacturing of phthalic anhydride and 2-naph-
thol, It is the raw material used in the preparation of various pharma-
ceutical products and the making of synthetic organic dyes, and is also used
as an intermediate in the preparation of tetralin and decalin. Its use as a
moth repellant and insecticide has declined since chlorinated compounds were
introduced for that purpose.

2. Anthracene

elole

Anthracene 1is obtained from coal tar distillation. It is either insoluble
or has very limited solubility in most organic liquids. The solubility of
anthracene 1s discussed in Section III. D. la of this report.

3. Phenanthiene e

Phenanthrene 18 an isomer of anthracene that is also obtained from coal tar.
As discussed 1a Section III. D. 28, it is more soluble than anthracene in
all of the material tested at AFLRL.

4. SRC-1

The process for counverting a high-sulfur, high-ash coal to a low-sulfur,
low-ash solid fuel 13 knowa as the SRC-I process. The typical properties of
SRC~1 prepared from & western Kentucky bituminous coal are shown in Table
15.
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TABLE 15. TYPICAL PROPERTIES OF SRC-I (7)

Carbon, wtl 88.
Hydrogen, wtX 5.9
Nitrogen, wtX 2.2
Sulfur, wtX 0.7
Oxygen, wtX by difference 3.1
Ash, wtX 0.2
Forms of Sulfur

Sulfate, wtX -

Pycitic, wt? -

Organic, wtX 0.7
Heating Value, Btu/lb 16,250
Fusion Point, °F

(gradient bar) 350
Density, gm/cm 1.2

It i{s assumed that the heating value listed in Table 15 is the gross heating
value. The gross AHc was determined by running a sample of SRC-I at AFLRL,
The sample had a gross AHc of 15,750 Btu/lb and a net value of 15,215 Btu/
1b.

5. Carbon Black
The use of carbon black in preparing slurries with various liquid hydro-
carbons to increase the vol + energy content {s still a good possi-

bility. The properties of carbon blacks and the slurry technology have been
described in Reference 3,

C. Blending and Characterization of Liquid Fuels

The properties of the blended fuels prepared from the various components
were compared to a DF-2 Diesel Control Fuel* that meets the Environmental
Protection Agency (EPA) specification for emission testing*#*, The proper-
ties of thls baseline fuel are listed in Table 16, while the properties of

* From Phillips Chemical Company, Bartlesville, OK
*%*Ag described in Chapter One, EPA, Part 86.177.6
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TABLE 16, LABORATORY INSPECTION OF BASELINE FUEL*

(CONTROL FUEL)

Gravity, °API 34.8
Specific Gravity 0.8509
Distillation, D 86 °C (°F) :
1BP 196 (384) .
S 212 (414) :
10 222 (432) 5
20 234 (454) g
50 266 (510) 13
90 301 (574) i
95 309 (588) |
EP 320 (608) 3
Recovery, % 98.5
Viscosity, cSt @ 40°C 2,48 L
Flash Point, °C (°F) 71,7 (161)
Pour Point, °C (°F) =21,7 (=7) :
Hydrocarbon Type (FIA), volX 4
Aromatics 29.6 j
Saturates 68.8 :
Elemental Analysis, wtX 5
Carbon 86,63 g
Hydrogen 12.85 4
Sulfur 0.34 J
H:C Atom Ratio 1.78 k
Heat of Combustion v
Gross, Btu/lb 19,265 j
mg/kg 44.81
Net, Btu/lb 18,095
mg/kg 42,08
Btu/gal, 128,465
Accelerated Stability, mg/100 ml 0.3
Existent Gum, mg/200 ml 3.9
Cetane No. 48,0

*AFLRL Fuel No. AL-9649-F.

other diesel fuels used irn this report can be found in Appendix B, The
volumetric heat content of a fuel serves as s guide to forecast the fuel's
ability to increase the range of a vehicle in which it is used, and should
be a useful tool in deciding which fuels should advauce to the next screen-
ing stage, i.e,, engine testing.
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The composition of the fuel bhlends in this report are listed as weight
percent. In the blending of fuels, it 1is sometimes more convenient to
measure the fuel components by volume and then weigh them. For this reason,
the weight percents usually result in fractions of whole nuambers,

Since a high-energy fuel candidate should have a high volumetric heat of
combustion, and heats of combustion are usually ’expres-ed in Btu's per
pound, it would be convenient to have a conversion chart that would indicate
quickly {f a fuel might qualify as a high-energy fuel (knowing the deansity
and Btu's/1b). Figures 2 and 3 can be used for this purpose. These figures
illustrate the large effect that slight changes in density make upon the
volumetric heat coutent of the fuel.

l . SRC‘II

SRC-II, middle distillate, has a volumetric AHc of approximately 134,750
Btu/gal. Since the goal of the high-energy fuel program is a l0-percent
increase in range without any increase in fuel tank volume, SRC~II needs to
he augmented with a coamponent of higher volumetric heat content such as
RJ~S.

a. Augmenting SRC-II With RJ-$

Table 17 shows the experimental results of augmenting SRC-II fuel with RJ=5.
Since both components have low cetane ratings, it would probably be neces-
sary to add a cetane improver, such as amyl nitrate, when using it in a
diesel engine. The disadvantage of using RJ-5 18 1its high price.

b. Augmenting SRC-II With JP-10

Blending SRC-II (middle distillate) with JP-10 had only a slight effect on
increasing 1its energy content (volumetric heat of combuetion). For example,
 an equal mixture by weight of JP-10 and SRC~II, with | percent amyl nitrate
added, increased the energy content by only 0.3 percent, The low heat
content of amyl nitrate (10,600 Btu/1b) contributed to hindering the in-
crease in energy. This cursory study is included in Table 18,

27

e e b il

b -

Sy oy e B

NTLN

o = —

RENR—oeN oy e




Y B 1 b ¥ e - v e 3w e -
LTI d R R I Oy A i

T I N LI} TRV \ - } . RS )

“IVO/ALE 0L T1/ALE  IYVED NOISYISANOGD °7 TIN91J

309 ALISHIAC
oc 1t §2°1 ezt si°t IR 50°1 00°1 s6°8 26°0 s8'9 88°9
R ¥ LA 2 4 .~ L. | Lo J -- L AL . J v i-[ﬂi L e J W\ L L 32 v .-\ L 3 L) v N _ L] A J v llm Rl ¥ ¥ W _‘lll ¥ € _ L] § 1T ¥ g“ aaaaa -

€Irnle 0003t

f71s 08591

Tvug eeesl

28

£I/0Ug eesst

«Crnie 90601

HOTWI-0LE 0061

R o 0 Lk 2 A ML L N A n e o ST 5 A e 6 A St sl it e N vt Wl s P8 et




™ e em . -

ot
.‘1 -
g o e < SO IAYRIG cra | rensewgromn

T T o e o

r Specific Gravity
\é’ \9\‘ \f 9" Qi‘\“ w’-” o'-"P oé’ 9& §\° °§r Sg\ 0-"\‘ of o{;‘ t’b cﬁ e‘p
Z
23,300 [ EEXTE ]
19.800 1 15640000
19800 $-— 153000
19.700 /Tér 18200
19.600 11000
19500 [CTYLT
19,400 1000
18,300 14%.80
19.200 14700
l 19.100 1m0
; 19,000 1458, U0
18.900 J44.0xx1
4

18,800 b Ton 140,000
18,700 1.0

19400 A o Biw/Pound
141 .m0
184,500 $40inn
18,400 [ ELALET
18300 [RINTT ]
18,200 SEIELLY
18.100 4 IRLYITH

18000 T 10 e
[ ] LI 12 14 18 i M 43 e mooan 4l L B T Y 1]

Gravity, APY

tooasd) wege) gOUMIG
PO RR

APPROXIMATE BTU~-GRAVITY RELATION (FROM "TABLES OF USEFUL INPORMATION,
EXXON CORP,, LUBETEXT D 400, JANUARY 3, 1973)

BB b aia w mm diw o % .t e, e s

FIGURE 3, HEAT OF COMBUSTION OF FUELS-

29

o amea ATy




T TN Y N T T N I TS TG

- - » .
., (
it
!
f
|
f
*81G300dWOd [SRPIATPU} I W02 PpIITTLITE] ()
*Te8/v3g S9y*gZ1 (33u) Py ‘TIn3 1013wo) (q)
*d1ZE8 “on 190§ THUV (®)
; 6°y2 06¢ ‘091 Y YAFA! T *"ws 0780°1 — 00°001 -—
h 16l 050'€S1 ote L1 — (€214 M 9 $850°1 00°1 05°%¢ 05°vZ
" 1°91 $8S ‘991 €20 L1 92°¢ (2)91°6 61£0°1 00°T 0S°6Y 056y
s°01 (2)556° 11 _ —_ —_— —— ¥%°"Z ¥9'SE Y9
I8 0€8°sel Y8y 91 £0°Yy 91°6 £600°'1 26°7 y2°S2 8L°TL
£°01 099°19%1 <€8°91 -—_ ()€6°% ¥800°1 —  28°92 B1°¢L
$°8 oEY 6€l $65°91 — (3)80°8 <8S0°1 00°T 05°92 oS %L
L9 060*LET 0Ys$ ‘91 L6°¢ (d)st°8 ¥(66°0 —  68°01 11°68
6°Y SSLivEl ziv'9l -— ¥9°8 0¥86°0 -— — 0°001
(3)1°0d 1033U0) 19Ap -T®¥ Mg qu/oag  Is> “3,0v @ FET -/ I 38 na
Jussaacade] g (39u) vojisnqwo) jo Jwey £13s03615 ‘valoapdg  (3,09) 2,96°S1 *ImIWM  ‘S~ra ‘() I1I-OFS
‘3u93uo) IeIY *Lyyswag 14my
S-[Y¥ HLIA T3RE RIVITIISIC T1AAIN
11-0¥S ONIINIROOV 20 103443 FBL ONIAOHS S1T1ASRY TVINENINILOE 1 X119Vl

a

30

biex dic acidat




e o Ul o

it L DR A aidii e

P, N )
PP T S TR T T TR N Y T v
T TV AP L
- B T S .
x

-

B2 PRy 4 0

s pouym1213p 30 )
»guauodwod TNPITATPUT AT w01] PARISTMIE) 'C)
sqylaV 1E PIUTEIIIN (»)

(3)— 8°L (q)55S 8El (q)108*91 - — 0°S¢ 0°sZ
(3)-— 8°01 (q)s9€°eyl (a)osl Ll -— — 0°0S 0°0%
Sy $°91 (9)S09°6%T  (V1T6%LT 8°0 - —— 2°66 =
6€ 9°91 (q)0s8°6yT  (A)06¥°L1 v°0 —_ -— 9°66
ot 8°91 © 0L0%0ST 06" L1 -—- -— —_— oCl
(3)— 1 1e- osv°es 009°01 001 — — -—
)— L1t asyient 062°81 — 0°0G1 - -—
()— vy 080 %€1 $96°91 o1 (94 24 87 —
(3)— 0°9 crz oLt 0c0° L1 0°1 5 6Y 56y -—
(&) on sueiey  190d 101VND rerr B st L] qm A A a2 DA
WY O13I9NTOA (320) BV ‘o3ex3IN ‘O1=ar  ‘1I-03S ‘wo-1d
Juamenoadey I 14my

W9-¥ GNV O1-df HIIM QEINTOOV 11-085 *gl INVL

-~

vy

W ond




c. Aggpenting SRC=-II With RJ~-6M

AT

In Section III,A.3, RJ-6M was discussed. Only a limited amount of work has
been done with this fuel since it was received just prior to the writing of
thie report. It is much less costly than RJ~5 and has a rather high heat
content of 150,070 Btu/gal. (16.8 percent improvement compared to control

fuel).

e a0

O g S ol e

Some calculated values of blends of RJ~6M with SRC-I1 are 1isted ian Table }
18. Por example, a 50:50 mixture by weight results in a blend having a 10.8
percent increase in volumetric heat content vhen compared to the control
fuel. The cetane number on RJ~6M was determined at AFLRL and found to be
30. Addition of 0.4 and 0.8 wt% amyl nitrate increased the cetane number to

— —

39 and 45, respectively.

RJ=6M must be considered as an excellent candidate fuel at this point in {its

testing.
2. Tetralin

a. Rlends With DF=2

Tetralin has a low cetane number and would require either a substantial
amount of cetane improver or would need to be blended with anothsr cowponent
in order for it to be run in a dissel engine. Blends of tetralin with DF-2
are shown in Table 19, The bhland contatuing 75 wtX tetralin, 24 wt¥% DF-2
(Cat 1~H; 53 cetane number) and 1.0 wt® cetane improver wae run in the

Petter engine without difficulty.

b. Blends With No. 6 Burner Fuel

A 50350 blend by waeight of tetralin and No. & burner fusl would probably
nesd & cetane improver, but indications are that it would hava a 10-percent

improvement in heat contant over that of the control fuel,
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3. No. 6 Burner Fuel

a. Blend of No. 6 Burner Fuel With Cat l-H Diesel

Another possible high-energy fuel is a blend of No. 6 burner fuel with
another component that would maske the proyertieé of the burner fuel accept-
able. For example, a blend containing approximately 90 wt? No. 6 burner
fuel, 9.0 wtX DF-2 (Cat 1-R) and 1.0 wt? amyl nitrate resulted in a fuel
that had a net volumetric heat of combustion of 141,275, or a 10 percent
{mprovement over the control fuel. The viscosity as measured by AST™™ D 445
decreased from 185.9 cSt at 40°C (l104°F) in the No. 6 burner fuel to 71.5
cSt at 40°C in the blend. The cetane number of the No. 6 burner fuel was
26, while that of the Cat 1-H was 53, which means the blend would be up-
graded in cetane number even withcut the cetane improver (see Table 19).

The properties of the Cat 1-H fuel are in Appendix B, No. 1.
4. RJ-6M

Since this is one of the most recent candidate fuels, blending studies with
other fuel components have not yet been started. However, from the limited.
data available and from the Petter engine tests (to be described later),
thie synthetic hydrocarbon gives all indications of heing an excellent
high=energy fuel and/or compoaent,

S. Furfural Extract

This material 1is also a recent caandidate for the high~energy fuel program
and its testing has been limited thus far,

D. Fuel Preparation and Charactecization With Solid High-Energy Components

1. Insoluble Components Used in Slurries

a. Anthracene

Anthracene is a good candidate for a high-energy component since it has a
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relatively high density (1.283 g/ml at 25°C) and experimental measured net
AHc of 16,695 Btu/lb. This experimental value is in fair agreement with the
literature value measured at 25°C of 16,770 Btu/lb. Unfortunately, it is

not very soluble in most common hydrocarbons.

A brief examination of the chemical literature and cursory solubility stu-
dies in the laboratory indicated that anthracene had no appreciable solubil-
ity in the various organic hydrocarbons in which it was tested. The labora-
tory studies included tetralin, DF-2, JP-10, RJ-5, mixed naphthalenes, FRF,
and SRC-II,

In the literature examined, no appreciable solubility was found in methyl
naphthalene, m-cresol, nitrotoluene, decahydronaphthalene, 1 methyl-2
pyrrolidinone, 1,4 dioxane, dibutyl cellosolve. 1In nitrobenzene, the solu-
bility is 1.86 g/100 ml. Merck Index (9th Edition) reports 1.0 gram anthra-
cene to be solublé in 67 wl absolute alcohol, in 70 ml methanol, 62 ml
benzene, 85 ml chloroform, 200 ml ether, 31 ml carbon disulfide, 86 ml

carbon tetrachloride, and 125 ml toluene.

Because of the potential energy content, slurries of anthracene in DF-2,
tetralin, and RJ-5 were prepared. Each consisted of 49.85 wtX anthracene
and 49.85 wtX of the fuel and 0.3 wtX aluminum octoate to prevent settling.

Table 20 shows the resulting experimental heat of combustion of these

TABLE 20. ANTHRACENE SLURRIES(E)

X Improvement

Density Over AHc in

15.6/15.6 g/ml  Net AHc Btu/gal. Net Control
(Experimental) (Experimental) DF-2 Fuel

Anthracene: DF=~2 0.9999 147,415 14.7
Anthracene: Tetralin 1.0583 149,870 16.7
Anthracene: (§i~5 1.1501 165,110 28.5
Control DP-2 0.9874 128,465 ———

(a) All slurries have 0.30% aluminum octoate added as suspenasion agent
and are equal wtX (49.85) of anthracene and the other component.
(b) AFLRL Fuel No. AL-9979-F (Comntrol Fuel).
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slurried fuels and the percent improvement in the volumetric heating value
over a typical DF-2, Because all the slurries in Table 20 show improvement
over the '"control diesel fuel," slurries of this type should be worthy of

further study and testing.
b. Carbon Black

Bxperience with slurry fuels at AFLRL and other research being counducted at
SwRI (a) have indicated several problems that need to be addressed before
these fuels can be fully utilized. Difficulties are usually encountered
when the carbon conceantration in slurries is greater than 10 wtX, and the
problem becomes correspondingly more troublesome as the carbon black concen-
tration is increased. The problems alluded to are incomplete combustion,
decreased thermal efficiency, degraded atomization, high viscosity, set-
tling, and operational difficulties, such as plugging of the injector nozzle
or sticking of the nozzle valve. However, great advances have been made in
carbon slurry technology during the past few years, especially by research-
ers interested in coal slurries and by those working in goverument-sponsored

research on the cruise missile.

Two receat important achievements (see 1 and 2 below) have been made re-

cently to help promote carbon slurried fuels.

(1) High carbon loading at relatively low viscosity

A s ..le ¢ . ‘uel containing 48 percent carbon black (5L-90) in JP-10 (with

3 vt. surt¥- \ was received from Ashland Chemical Co. 1Its viscosity at
ambi  .mp.r-~cr_e 18 such that this slurry flowe easily. The data fur-
nish. . vira . - mple are shown in Table 21, The high volumetric heat of

combustion (168,185 Btu/gal.), approximately 31 percent higher heating value
than the control DF-2, should make it worthy of consideration as a high-
energy fuel candidate. Photomicrographs of the fuel are shown in Figure 4.

(a) U.S. Department of Energy, Office of Tramsportation Programs, Contract
No. DE=AC04-79CS54240-001.
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TABLE 21, PROPERTIES OF SL-90 CARBON SLURRY FUEL
Nominal wtX Carbon Black 48
Nominal wtX JP-10 49
Nominal wtX Surfactant 3
Analyzed wtX Carbon Black 47.2
Density @ 25°C, lb/gal. 10.09
Net Heat of Combustion, Btu/lb 16,371
Net Heat of Combustion, Btu/gal. 165,183
Flash Point, °C (°F) 53.3 (128)
Contraves RM-30 Viscosity:
Temp, °C Shear Rate, Sec -1 cP
25 1 663
25 10 182
25 100 83
25 600 53
=20 1 1562
=20 10 478
=20 100 241
-20 600 285
37
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a. 100X MAGNTFICATION

b. 430X MAGNIFICATION

FIGURE 4, PHOTOMICROGRAPHS OF 48 WEIGHT PERCENT
CARBON BLACK SLURRY IN JP-10
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A representative of the manufacturer indicates that a carbon slurry of a
similar concentration in DF-2 could easily be prepared using this proprie-~ C
‘ tary method of preparation. If sa, this should be a good candidate fuel s

avajlable at a relatively low cost,

(2) '"Catalyzed" carbon black b -

Previous eagine studies have iudicated a problem with achieving full utili-
zatfor of the carbon when running in the CLR engine. Use of a catalyst
could .ossibly aid in its combustion and thus increase carbon utilization,
The transition metals irom, nickel, and manganese were originally selected
as catalyst candidates. At the recent Workshop on the Combustion of Slurry
Fuels at the 17th JANNAF Combustion Meeting, it was stated that lead had
been successfully used in the catalysis of carbon particle combusti{on 1in a
turbine combustion chamber, Therefore, lead (as lead acetate) was added to
the list of catalyst candidates. Deposition of the metals on the carbon

black was achieved by dissolving the metallic compound in water {in methanol
. for iron (ferrocene)}, adding the carbon black, and stirring for at least 1
hour, The carbon black was removed by filtration and then dried. Since the

NS g o

carbon black was extremely absorbent and the compounds containing the poten-
tial catalyst were highly polar, the deposition occurred without difficulty,.

o ey

If 100 percent of the metal were deposited, the concentratium of the carbon
black would be 0.30 wt2 for the fron, nickel, and lead, and 0,36 wt¥ for the
manganese. The amount deposited has not yet been quantitatively determined,
but X~ray fluorescence indicates the amount is relatively large. Washing of
the carbon blacks with diesel fuel did not remove the deposits.

The above-described successful deposition work was first done on a relative-
ly small scale (40 grams per‘test). Af terward, four larger batches (approx-
imately 750 grams each), each containing a different metal, were prncessed.
With this "catalyzed" carbon, four test fuels (8 liters each) were prepared
containing 10 wtX carbon black in diesel fuel.

Engine tests with these fuels are described later,
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(3) Settling studies

The freezing tube technique for measuring settling in carbon slurries was
described in the first interim report on this program and is repeated in
Appendix C of this report., The only difficulty encountered with this method
thus far is that it tends to give slightly high values for the recovered
carbon, These values appear to be high but correct relative to each other,
This could be caused by the incomplete removal of the last traces of diesel
fuel absorbed by the carbon black. A brief study was conducted to see 1if

this rationale might be correct,

(a) Refinement of the freezing tube technique

A fuel was prepared in the attritor to contaim 20,0 wt% carbon black, 1.0
wt% lecithin, and 79.0 wtX diesel fuel. The resulting slurry was placed in
a settling tube for 48 hours at ambient temperature, The tube was then
frozen and sliced into eight equal sections, and the percent carbon was
determined, using the method mentioned above, The carbon recovered from the
top four sections contained 20.57, 20,55, 20.58, and 20,58 wtX carbon,

respectively, The average {8 2.85 percent higher than the 20,0 wtX that was
used in the preparation. The carbon samples recovered from the four sec~
tions were then placed in a Soxhlet extraction thimble that had been pre-
washed and dried to constant weight with methylene chloride. The carbon
(17.3760 g) in the thimble was then continuously extracted with methylene
chloride for eight hours, The carbon was dried and reweighed (16.7320 g)
with a loss of 0.6440 g noted, This loss represents 3,7 percent of the
total at the start of the extraction. Upon evaporation of the methylene
chloride, 0.3888 g of 1esidue was recovered, or 2.2 percent of the total at
the start, The 2.2 percent of material recovered from this carbon compared
favorably with the 2,85 percent high value that was observed when the carbon
vas originally determined by the freezing tube method. The residue re-

covered from the methylene chloride was essentially DP-2,

The four lower sections contained 20,60, 20,60, 20.57, and 20.62 wt% carbon,

respectively, The average of these four sections was 20.60 wt¥ carbon, or
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3.0 percent higher than the 20.0 wtX used to make the preparation. The same
extracting procedure used with methylene chloride was then used with pen-
tane. A 3.0-perceat loss in weight was noted, and a residue was recovered
upon evaporation that represented 1.1 percent of the total carbon at the
beginning of the extraction. This residue was also found to be DF=-2,

It would appear that methylene chloride is more effective in removing the
diesel fuel from the carbon and will be used in place of pentane in future

studies using the freezing tube technique.

(b) Effect of temperature on the stability of carbon

glurries

Prior to the refinement 1in the freezing tube technique for measuring set-
tling in carhon slurries, the effect of temperature on the stability of

these slurries was examined.

A slurry containing 20 percent carbon black, 79 percent DF=2, and 1 percent
lecithin was prepared in the attritor. Settling data were collected on a
sample of the above fuel that had stood in a 100°C oil bath for 48 hours and
a similar sample standing at room temperature (22°C) for the same period of

time. The samples were analyzed by the freezing~tube technique.

It would appear from Figure 5 that about 4 percent more carbon had settled
out of the top section of the sample at 100°C compared to the room tempera-
ture sample, This decrease of carbon in the top section of the 100°C sample
is reflected in the increase of the carbon content of the lower sections.

(¢) Stability of FRF-carbon slurries

Carbon black was added to A fire-resistant diesel fuel (FRF) so that the
resultant fuel contained 20 wtX carbon black, 67.2 wtX DF-2, and 4.8 wt}
water. Setrtling data were collected on samples after approximately 1, 15,
and 38 days standing at ambient temperature, The samples were analyzed by
the freezing tube tochnique prior to {ts refinement. As mentioned above,
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FIGURE S5, EFFECT OF TEMPERATURE ON THE STABILITY OF SLURRIED FPUELS
(20% Carhon, 1% Lecithin in DP-2, 48 Hour Settling Period)

the original procedure tends to give slightly high values for the recovered
carbon. Although these values sappear to be somewhat high, they are correct
relative to each other, The high velue is attributed to the incomplete
removal of the last traces of diesal fuel that 1is absorbed by the carbon
black. The refinement to this technique mentioned previously eliminates
this problem. Even without the refinement, it is an excellent indicator of
stability since all sauwples are treated in an identical manner.

The data from the FRF/carbon hlack stahility study are plotted and shown in
Pigure 6, The mixture {s fairly stable for at least 1 day as indicated from
the carhon content in the six sections., For example, the carbon percentages
found after 1 day, from top to bottom, were 22.0, 22.8, 23.1, 23.2, 23.7,
and 25.5. It would appear that only slight settling has occurred.

C. SRC~1

A cursory search was made for a hydrocarbon in which SRC-1 would have an
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appreciuble solublility. No such hydrocarbon was found at that time but the j
search is continuing. !
z
A slurry containing 20 wtX SRC-I in NP-2 was prepared, and the gross experi- ‘
mental heating value was 18,860 Btu/1lb, Using the literature value for the
density of SRC~I and the expecimental density of DF-2, and assuming the
dens{ties are additive, the net volumdétric heating value for the slurry wae
found to be 136,865 Btu/gal,, a 6.5-percent improvement over DF-2,
2, Solid High-Energy Components That Have Appreciable Solubility
a. Solubility Measurexents of Naphthalene and Phenanthrene é
Naphthalene and phenanthrene are two solid (at room temperaturas) hydro- E
carbons that have potential as high-energy fusl components., FPhenanthrene 1s :

an isomer of anthracene but has the distinct advantage in that {t 1is¢ not as f |
insoluble in organic hydrocarbons as anthracene. For example, in tetralin, o
anthracane was found to have very little soluhility, while the solubility of L
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phenanthrene wvas experimentally found to be approximately 43.6 grams of
phenanthrene per 100 grams of tetralin at 21°C (Table 22), Therefors, a
sanple containing 30,37 wtX phenanthrene in tetralin (spproximately the
maximum concentration) was prepared. The gross experimental heat of com~
bustion was 18,135 Btu/lb, Using the expesrimentally determined density of
0.9930 g/ml at 36°C corrected to 1,006 g/ml st 15,6°C, the net volumetric
heating value was calculated to be 146,025 Btu/gal. This would represent a
13.7=-percent improvemsnt over the typical diesel fuel. In order for such a
mixture to be run in & diesel engine, cetane improver would be necessary.
Phenaanthrens contribution to the volumetric heat content of a blend or
slurry would be less than that of anthracens.

TABLE 22, SOLUBILITIBS(.) OF NAFHTHALENE AND PHENANTHRENE
IN VARIOUS ORGANIC HYDROCARBONS AND RELATED COMPOUNDS
AT 20°C (68°F)

Phenanthrene, Naphthalene,

g/100 g g/100 g

Tetrahydronaphthalene (tetralin) 50.0 43,6
pr-2(®) 24,1 9.9

JP-i0 29.5 12,0
RJ-$ (e) 15.3
Mixed Naphthalenes ‘P’ 29.7 27,4
SRC-1I (middle distillate) 29.3 29,2
FRF 15.3 8,2

(a) AFLRL Fuel No. AL=9979=F (Control Fuel),
(b) AFLRL Fuel No, AL-9509-A,
{(¢) Not determined.

The solubility of phenanthrene in DF=2 (control fuel) was expsrimentslly
found to be 9.9 g of phenanthrene per 100 grams of DF-2 at 20°C. A sample
vas prepared containing 9.0 g phenanthrene in 91,0 g of DF=2 and the experi-
nental AHc wav determined, Using the experimentally determined density of
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0.8693 g/ml at 15.6°C, the net volumetric heating value was found to be
133,160 Btu/gal.,, an improvement of 3.6 parcent over neat diesel fuel,
Probably no cetane improver would be required with this fuel. It would be
necessary, however, to avoid temperatures much below 20°C, because the

phenanthrene would crystallize and settle out,

The solubility of naphthalene and phenanthrene in various organic hydro-

carbons and related compounde are shown in Table 22,

b. Blending of Solid Components Into Liquid Fuels

Various fuels have been prepsred using these two high-energy components.
Table 23 compares these fuels and their AFLRL-datermined heats of combustion
with the control DP-2, The experimentally determinod cetane numbers of fuel
blends containing naphthalene and phenanthrene are shown in Table 24.

e. Impact Dispersion Tests to Study Pire-Safety Characteristics of Energy-

Augmanted Fuels

lo RJ-S

Several high~energy or related fuels were examined for their fire-safety
®

charscteristics by the AFLRL Impact Dispersion Test . The results from

these tests indiceted tiwt RJ-5 and soue of {(ts blends had some good fire-

hindering properties.

A
Impact dispersion tests were conducted on RJ-5 and some of {its blends.

(a) RJ=S (neat)
(b) RJ-5: DP=-2 Blend (50 vol%: %0 vol%)™"
(¢) RJ-S: FPRF Blend (30 vol%: 70 vol%)®

% = For a description of these tests and the rsting system, see Appendix D,

% = 56,05 wt? RI=S; 43,95 wtl DF=2 (AFLRL Fuel No, AL-8821-F)

4 = 34,65 wt? RJ=5 and 65,35 wtX FRF (FRF prepared using DF-2 with AFLRL
Fuel No, AL-8821-F), The resulting net volumetric AHc was 128,570
Btu/gal,; about equal to control fuel (128,465).
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TABLE 24. CETANE NUMBERS OF FUEL BLENDS
CONTAINING NAPHTHALENE OR PHENANTHRENE

AFLRL Experimental

Fuel Composition wtl Cetane No.
pr-2(®) 91.0

Phenanthrene 9.0 4S5
pF~2(2) 80.6

Naphthalene 19.4 43
Tetralin 65.3

Naphthalene 32,7

Amyl Nitrate 2.0 24
Tetralin 68.3

Phenanthrene 29.7

Amyl Nitrate 2.0 24

() DF=-2 [AFLRL Fuel No. AL 9970 (Control Fuel)]

Examination of the video record of these tests showed no ground fires and
only 8 medium-size fireball which i{s equal to a "D" rating. This is the
rating that all the FRP fuels (84 volX DF-2; 10 volZ uzo; 6 vol? surfactant)
have received. The fact that these fuels containing RJ-5 did not sustain
pool burning could reflect the effect of the high flash point of RJ-5
(111°C), since the fuels were dropped at 77°C onto the impact plate at

93.3°C.

2. Dp-z

It is noted in Table 25 that the amount of RJ-5 needed to eliminate pool
burning of DP-2 (AL-8821-F) in this test has been found to be between 35 to
50 volume percent. The blend containing 30 vol% RJ-5 and 70 volX DF-2 has a
coalesced fireball with simultaneous 1light pool burning fiumediately after
impact, thus an "E" rating. The intensity of this grouand fire then in-
creased with time, DF-2 (neat) had an "E" rating.
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TABLE 25. IMPACT DISPERSION TEST RESULTS AND FUEL PROPERTIES®)
Impact Density Viscosity
Dispersion AHc (net), (15.56°C), 40°C, .

Fuel Test Rating(b) _Btu/gal. g/ml cst O i
DF-2 (neat) (c) E 130,620 0.8484 3,20 )
SRC-II (neat) (d) E 134,760 0.9840 3.68 E
JP=9 (neat) E 143,445 (e) 0,9444 2,49 1
JP-10 (neat) E 3
JP-10 microemulsion (f) E 126,190 0.9533 () &
RJ-5 (neat) D 160, 390 1.0837 13.27 !
50 vol% RJ-5; SO volX DF=-2 :
(56.05 wtZ RJ-5; 43.95 wtX DP-2) D 144,220 0.9657 5.78 i
30 volX RJ=5; 70 volX DF-2 ;
(35.38 wt% RJ-5; 64.62 wtX DF-2) E 139,550(h)  0.9316(h) (g) i
35 vol% RJ-5; 65 volX DF-2 b
(40.75 wt RJ-5; 59.25 wtX DF-2) D 141,140 0.9328 4,73 E
25 volX RJ=5; 25 volX SRC~II 3
(76.77 wt% RJ-5; 73.14 wtX SRC-II) D 141,630 1.0084 4.40 3
75 volX RJ-5; 25 volX SRC-II !
(76.77 wt% RJ-5; 23.23 wtl SRC-II) D 156,080 1,0632 8.14
30 volX RJ=5; 70 volZ% FRF ‘
(34.65 wtX RJ=5; 65.35 wtX FRF) ] 128,565 0.9382 (8) )
FRF D(4) 116,825(h)  0.8747(h) (g) :
46 volY FRF; 54 volX SRC-II i
(43,08 wtX FRF; 56.91 wtX SRC-II) E 126,315(h)  0.9338(h) (g) . .
46 volZX FRF; 54 vol% JP-10 '
(44.24 wtX FRF; 55,76 wtZ JP=-10) E 128,135(h)  0.9095(h) (g)

\p

(a) Experimentally determined at AFLRL except where otherwise indicated.
(b) Impact Dispersion Test Rating

A = No pilot flame enlargement

B = P{lot flame dimentions less than doubled.

C = Pilot flame dimensions more than doubled.

D = Pilot flame totally obscured by transient mist fireball.

E = Coalesced fireball with gimultaneous pool burning.

T TS WLLT LT

= b~ e e gioe o

Test Conditions: Sample 76.7°C (170°F)
Impact Plate 93.3°C (200°F)

(¢) APFLRL Fyel No, AL-8821-F, Flash Point 72°C (161°F) used in all blends
with this table where DF-2 is indicated. See Appendix B, No, 2 for {ts i
propecties, i 3

(d) Middle Distillate, AFLRL Fuel No. AL-9252-SP-P, Flash Point 30°C (176°F) :
used in all blends in this table where SRC-II is indicated.

(e) Calculated from AFLRL data.

(£f) 83.5 wtX JP=10; 10 wt2 HZO; 6.0 wtX surfactant; 0.5 wtl cetane improver,

(g) Not determined.

(h) Calculated from components. i

(1) FRF made with DF-2 having AFLRL No. AL-8821-F not tested. Rating given .
based on other FRF tests with similar fuels,

Wb e-ade 4
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The properties of DF-2, RJ-5, and their equal blends are listed in Table 26.
It can be seen from this table that a 50:50 volumetric blend of DF-2 and
RJ-5 results in a fuel that shows an improvement in the volumetric heat of

combustion of 12,3 percent when compared ton the control DF-2,

TABLE 26, PROPERTIES OF DF-2, RJ-5, AND THEIR EQUAL BLENDS

50 volX RJ—?é)

pr-2(2) RJ=S 50 VolZ DF-2
Btu/gal. (net) 130,615 160, 390 144,220
Btu/lb (net) 18,450 17,740 17,900
Density, 15.6°C (60°F) 0.8484 1.0837 0.9657
Viscosity, ¢St, 40°C 3.2 13,27 5.78
Flash Point, °C (°F) 71.7 (161) 111 (232) 86.1 (187)
Freeze Point, °C (°F) —— -53.9 (-65)(d) 2 (36)
Pour Point, °C (°F) ~10 (~-14) — ——

(a) AFLRL Fuel No. 8321-F,~-see Appendix B, No, 2 for its properties,
(b) 56.05 wtX¥ RJ-5 and 43.95 wt% DF-2,

(c) This represents a 12,3 percent increase over that of control fuel.
(d) Literature value (exp. value at another lab).

3. SRC-11

The blends of SRC~I1 and RJ-S at SRC-11 concentrations of 25 and 75 volY,
respectively, received '"D'" ratings. The data in Table 25 indicate that 25
vol% RJ-5 will eliminate pool burning of SRC-I1. Lesser amounts of RJ-5
with SRC-II have not yet heen tested. SRC-II (neat) received "E" ratings.

4, Other Fuels [JP-10 (neat), JP-9, JP-10/H O Microemulsion]
r4

Other fuels to receive "E" ratings were JP-10 (neat), JP-9 (neat), and
JP-lO/Hzo microemulsion (see Table 25),




JP=-9 1is a three-component blend containing JP-10 (65-70 wtX), RJ-S (20-25
wtX), and methylcyclohexane (10-12 wtZ). JP-9 was developed by the Air
Force to meet its critical specifications for the fuels used in its Air
Launched Cruise Missile. When subjected to the impact dispersion test, an
intense fire resulted. No further work is planned with this fuel,

S. FRF-Type Fuels Augmented With RJ-5

FRF fuels and thelr fire-safety characteristics have been described in
detail elsewhere.(8) Because they contain an appreciable amount of water,
they suffer by having a reduced energy content. Since RJ~5 has shown the
tendency to have fire-hindering properties, and also have a very high vol-
umetric energy content (160,000 Btu/gal.), a blend of FRF and RJ-5 might
result in a fuel that still has the fire-safety characteristics of FRF but

at a much higher energy content.

Several months after the tests listed in Table 25 were completed, another
series of impact dispersion tests were run using the same conditions as in
the past. All the fuels containing RJ-5 that were tested in this series
received a "D" rating in the impact dispersion test, and all containing

water were microemulsions (Figure 7), These fuels are still stable micro-

FIGURE 7. RJ-5 MICROEMULSIONS
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emulsions to date (after 8 months) upon standing at room temperature. When
only 3.0 volX surfactant was used in attempting to prepare a microemulsion
containing 5 volX water and 5 volX RJ-5 in 87 volX DF-2, a trace amount of
"cream" was visible at the bottom of the container after standing for
several days at room temperature. When the surfactant content was lacreased
to 3.5 vol®, the "cream" was eli{minated and a stable microemulsion resulted.

In all cases, the RJ-5 increase in the volumetric AHc of the fuel compared
to neat FRF without appareat sacrifice to its fire-hindering properfuies.
Since RJ-5 appears to have good fire-resistant properties for exposure
temperatures of 93°C (200°F) or less, it was not expected to have any dele-
terious effects under such exposure conditions when substituted in the FRF
formulationa. The results are summarized in Table 27, All the fuels,
except No. 6, and including the FRF, were prepared using the same DF-2
(AFLRL Fuel Yo, AL~10115F, Cat 1-H) and all compositions are volumetric

percentages.

IV. ENGINE STUDIES

A, CLR Engine Studies

1. Screening Studies

Prior to obtaining the Petter engine as a screeuing tool for high-energy
fuel candidates, the screening tests were conducted using a CLR engine in
the engine-testing facilities that were established and operated under a
Department of Energy contract., Two of these fuel formulations, both related
to the fire-resistant fuel program, are described below.

a, JP-IO/HEO Microemulsion

FRF 18 a wicroemulsion coasisting of 84 vol% DF-2, 10 volX water, ard 6 volX
surfactant. It has shown great promise as a fire-resistant fuel CEor the

Army's application. It was reasoned that JP-10, with its relatively high
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volumetric enmergy content [~142,000 Btu/gal. (net)] might be used to replace
the DF-2 in the FRF and thus restore some or all of the energy loss caused
by the water. Thus, the JP-lO/H20 microemulsion fuels were prepared to see
if any fire-resistant properties might be imparted to this fuel.

Several different emulsifying agents were tried. Three microemulsion fuels

of this type were prepared; all were stable for one year and one was still

stable after two years when the stability test was terminated.

The terms Relative (Specific) Fuel Consumption (RFC), the Relative (Speci-
fic) Energy Consumption (REC), and the Relative (Specific) Volumetric Fuel
Consumption (RVFC) are defined at the bottom of Table 28.

Screening tests on the latter JP-10/water microemulsion were conducted using
the CLR engine. In Table 28, it can be geen that the REC values at 1000,
1500, and 2000 rpm are close to omne, indicating that the thermal cycle
efficiency when using this fuel is similar to that observed when the base
fuel was used. A good comparison of the JP-10/water microemulsion fuel with
DF-2 can be made using RVFC, i.e., the ratio of the BSVC of the test fuel to
that of the base fuel., RVFC values less than unity are desirable as they
would indicate better performance by the test fuel than the base fuel when
using the same volume. The JP-i0/water microemulsion has RVFC values close
to unity over the speed and load range. This indicates a volumetric con-
sunption rate very close to that of the baseline diesel fuel. Comparisons
of this microemulsion with the base fuel can also be made using Figure 8a to
8f. It should be noted that the calculated net volumetric heat of combus-
tion of this fuel (127,250 Btu/gal.) is almost that of a typical DF-2 (DP-2
control fuel = 128,465 Btu/gal.).

b. Carbon Black Slurries in FRF

Fire-resistant fuels {n general are penalized in their energy content (AHc)
because of the water present. An attempt was made to reduce some of the
loss in energy content by the addition of carbon. A 20 wtZ carbon concen-
tration in FRF was first prepared, but rheology problems suggested a lower
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FIGURE 8a. BSFC VERSUS BMEP FOR BASE AND TEST FUELS AT 1000 RPM
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carbon concentration. The composition of the carbon/PRF slurry that was
tested was 10 vtX carbon, 73,55 wtl DF-2, 10,32 wtX deionized water, and
6.13 wtX surfactant. The CLR engine performance comparison of this slurried
fuel with base DF-2 1is shown in Table 29, Figures %a to 9f indicate that
the suspsnded carbon caused a reduction in the performance compared to DF=-2
over the three speeds and load ranges that were tested. Even at 10 percent
carbon black, the viscosity of this test fuel was much higher than that of
the base fuel and undoubtedly contributed to its poor performance by the
degradation of the injection and atomization processes. As can be noted in

the table, the REC's in all runs were greater than one, This was especially

evident at the lower speed (1000 rpm).

FPigure 10 shows the REC, averaged over all loads, for each plunger diameter
plotted versus the injection timing. Except for the 2l-~degree injection
timing using the 9.5-mm plunger, the optimum plunger diameter appears to be
the 8.5 mm. One surprising fact is the trend toward reduced energy consump-
tion as the injection timing is retarded. 1If the carbon particles have long
combustion time compared to the 1liquid fuel, 4t would be expectad that

increases in injection rate or advanced injection timings would improve the

efficiency.

C, Catalyzed Carbon Black

Ae mentioned 1in Section 1IL.0.2., the deposition of four different metals

(manganese, 4iron, lead, and nickel) on carbon black was sguccessfully
achieved, Such metals might act as catalysts and aid in the combustion and

ut{lization of the carbon black. The data in Table 30 compare ths four
catalyzed"” fuels with the base fuel diesel fuel, using REC as the cri-
terion. The percentage of the metals coated on the carbon black listed in

the table are those calculated assuming 100 percent of the metal was de-

posited in each case.

The REC values for the uncoated slurry, using the same injection timing and
duration, are also listed in Table 30. Examination of this data indicates
that the "catalyzed" carbon black slurries have improved the efficiency over

the uncoated black slurry, especially with the nickel nitrate,

57

A8 vt e ron e

3
L

sy

[IREE ST S

EAREZET AL B DA Ml :




!Eugu_émuuaﬁnﬁhﬁéﬂudluﬁ. AT T CTTRERW A D1 ken aX

Q)

(19ng IswQ) DJASH/ (194 I%3L) JASE = Jdal
(3da¥) voricmneuc) [ang dyirsentop (3)133dg) aapIeray - (3)

(1904 aswg ™ enge, Supavep/Tong 38213 niea Miaven) 248 - 230
(o34) vuopidwnevcy {Basuy (33328ds) sajietay - (p)

%50/ use - 2an
(od4) uogidmnenon tang (3r)1>ads) aajaeray - (3)

(d409)3,95ST 3® [u/% gCyg 0 - Lajeudg (- o3/nag 00€°8ZD QI/038 0ZZ°91 (190) anyes B0)3en ([a0) IewW) Z-40 - «)

(2,09) 2,951 3% T8/3 yy16°0 = (IvIusmiaedry) Kijsuag C 19R/mag 0£5°0ZT) QUL/RIR S6L ST = (330) YA BINIY PSRN
(8-V1) 1WwIIWJIug W (179
f2v30m PORFUOERQ ZIA ZC-O SNOUTE UOQA®D XIA Ol f(JIZES-TV) I-30 T34 SS°CL OF SR IWA 19k O ooy} s0dwn)

I8 338 06 UF PRTAIDTS (011 UsANR) WPUIL Do) A O - (®)

1921 8t et y6l 91°6 980°0 601°0 909°0 1€8°0 {9°€ 911 N b {34 0002 [
902°1 ot 08T 3 24 9¢°01 6400  £60°0 £$5°0 90L°0 (9] 9N v/C %9 0002 8
€Tt {10} "we't 138 14 €901 9£0°0 v60°0 r{{4)] 14 4] 69°S 6°0Z ™ 9L 0002 ¢t
fi19d vt syl et "6 £80°0 utro $3%°0 Iv8°0 6L°2 9°11 T 1€ 001 9
081 L1158 89¢°1 |8 - 4 9v°01 $10°0 960°0 Tes°0 82L°0 11 23 9°91 /€ we 0051 S
0z 1 9c1°1 et €<t 0 ¢ v.0'0 160°0 sls o 169°0 sy ")y 44 1d %9 0051 )
o9t 99s° 1 oce 8yt %9 $90°0 £n’o £65°0 690°1 T A ] o1t T 60°T 0001 1
(3104 618°1 {3 991 %L 820°0  921°0 9vS$°0 096°0 $8°2 9°s1 v/C 6" 0001 4
st 9yt €Lt T we 8£0°0 €20 6¥S°0 $€6°0 6v°C 9°61 ™ €2°C * 0001 1
()0 ()| (0@ I i ™ /AR AR AR AW sAT y/ar wiied (%) ada o
eIy 139-49 AL /- 18 L\ FLL *eawy ‘peon woey L. ‘posdg I8}
s%umy g [ C."] o,y =y Ty sujiog
233108ds avey 09 ey 0] [ 1] T]

-J484 =JAS8 -2dse =St

¢-44 AlIn AHVE NI QITWRATS (Z3A O1) MNOVIE NOGUVO JO NOSIMVINOO JONVHYOINAd INIONE ¥ID "6 T4Vl




—ayre

8SFC

RFC

REC

8SFC

PPeY ey ey > i e L2 VR

l.w ‘ J———1
0.9 I —'_\Test Fuel
OQM -
0.70 | |
L se Fuel
0.60 B
0.50 . 4 i | [l | B
30 40 50 60 70 80 90

BMEP
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Test Fuel DF-2 Emulsion With 10X Carbon
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TABLE 30. COMPARISON OF "CATALYZED" MOGUL L CARBON BLACK
IN A 10 PERCENT SLURRY WITH BASE DIESEL FUEL
USING REC VALUES AS THE CRITERION

REC
Full load 3/4 load 1/2 Load
No Coating 0.99 1.03 0.99
0.31X Manganese Nitrate 0.84 0.93 1.01
0.1% Ferrocene 0.95 0.96 0.97
0.05% Lead Acetate 0.97 0.99 1.12
0.15% Nickel Nitrate 0.92 0.94 0.88

B. Petter Engine

The majority of the candidate fuels for this program were liquid fuels
bleaded with the engine baseline Cat 1-H. These blends also contained a
cetane improver, 1f initial screeaing proved them to be of 1insufficient

cetane quality tc sustain normal engine operation.

A British-made Petter direct injection engine (Table 31) was used as a tool
for comparing the fuel candidates against a baseline DF-2. A 60-cycle,
115/230-volt, 15-ampere, 3500-watt, AC generator was cradled and driven by a
cog belt at twice engine speed to provide a load on the engine. The mechan-
ical energy of the engine was converted to electrical energy in the gener-
ator, and dissipated a4s heat through iumersion heaters in a drum of water,
An electronic load cell and readout was attached, via a torque arm, to the

cradled generator to be used as a measure of load (Figure 11).

The engine was governed to operate at 1800 rpm and a constant load of 10
1b in order to maintain a constant power test condition for all fuel blends.
The barometric pressure, ambient temperature, and relsative humidity were mon-
itored for all fuel trisls {n order to correct engine performance for atmos-
pheric conditions, as stated by the SAE diesel engine rating code (9). Ap-
pendix E is a listing of the data correction program used to reduce the en-
gine deta. The specific range (hp-hr/gal.), which {s the inverse of the cor-
rected volumetric fuel consumption, was the parameter upon which comparisons

were made between the candidate high-energy fuels and the baseline Cat 1-H.
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TABLE 31. PETTER ENGINE CONFIGURATION

- . Engine Type Normally aspirated,
Single-Cylinder, Compression
Ignition,
Direct Injection
4-Stroke Cycle

Bore, cm (in.) 8.73 (3.44)

Stroke, cm (in.) 11.0 (4.33)

Displacement, cm3(1n.3) 659 (40.2)

Compression Ratio 16,5:1

Rated Power, kW (bhp) 5.6 (7.5)

Rated Speed, rpm 1800

Injection Timing 28° BTC

Valve Timing (intake) 4.5°BTC to 35.5° ABC
(exhaust) 35.5° BBC to 4.5 ATC

Fuel B.S. Specification

No. 2869: 1967 Class Al or A2

e IMMERSION
HEATER
IN WATER
DRUM

Q RHEOSTAT

N

LOAD CELL

f encine

; BURET
s FUEL MEASURED
* VOLUMETRICALLY (mi)

DIGITAL
LOAD READOUT (b}

FIGURE 11, PETTER SCREENING ENGINE INSTALLATION
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The results from the screening procedures are presented in two different
sets, due to a baseline drift sfter the Petter engine was idle for several
months, The consistency of the results within each set of baseline data was
very good, 8o there are no problems associated with the significance of the
data collected. A comparison of the relative diffarences between two fuels
that were examined in each baseline set allowed valid comparisons of the
specific range based on the span of the 95-percent confidence intervals of
the relative difference between these two fuelas, The two fuels were Cat 1l-H

and FRF,

1. Baseline No. 1

The results from the screening tests performed on the Petter engine are
presented in two categories; one is high-energy fuel blends, and the other

is the -energy-augmented FRF blends. All corrected data are presented in

Appendix E.
a. Fuel Blends

During the screening process, there were seven high-energy fuel candidates
whose performances were examined with the Petter engine., Of the fuels
blended, most raa very well in the engine, except for the naphthalene blends
and the anthracene slurry., With the naphthalene blends, if the ambient
temperature dropped below 20°C (68°F), the naphthalene would crystalize in
the burret, and the engine would stall due to fuel starvation., The anthra-
cene slurry proved to be too large in particle size to run through the
Petter engine's gravity feed fuel system., Because of this, no data were
available for comparison to baseline performance with the anthracene slurry,

Since the guidelines for a high-snergy fuel require an approximate 10-par-
cent increase in range over a typical DF-2, there were only two fuels which
met this criteria, A blend of 50/50 volX Cat 1l-H and RJ-5 exhibited a
13.5-percent improvement in specific range (hp-hr/gal.) compared to Cat 1-H.
The specific range of this blend was 16.77 ¢ 0.18 hp-hr/gal., compared to a
specific range of 14.78 t 0.1 hp-hr/gal. for the baseline Cat 1-H. The 95-
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percent confidence intervals for the two fuels show that the comparison is
statistically valid, with their deviation from the mean being 2.2 percent
and 1.3 perceat for the blend and Cat 1-H, respectively. Another candidate
fuel which 1improved on baseline performance was a 75/24/1 wt?® mixture of
tetralin, Cat 1-H, and amyl nitrate. The calculated specific range of 16.16
+ 0.01 hp-hr/gal. represents a 9.3-percent improvement over baseline per-
formance with this blend. Due to cost consideration, and the performance
evaluations, the tetralin fuel appears to be one of the more attractive
high-energy fuel candidates. Table 32 and Figure 12 are comparisons of
various high-energy fuel blends to the baseline,

b. Energy-Augmented FRF Blends

The energy augmentation of FRF to a performance level equal to the base Cat
1-H was considered an aspect of the High-Energy Fuels Program. There were
three blends screened in the Petter engine, two of which exhibited a per-
formance level comparable to the Cat 1-H, The third blend, which was an
85.6/14.4 wtX mixture of FRF and naphthalene, encountered the same opera-
tional difficulties associated with the other naphthalene blends. The
performance increase of the FRF/naphthalene blend over the base FRF was
insignificant 1in this study.

The firat of the two blends which displayed a considerable improvement over
the base FRF was a 50/50 volX mixture of FRF and JP-10. The increase in
specific range was from 13.06 hp-hr/gal. for FRF to 14.71 ¢ 0.0l hp-hr/gal.
for the blend. This represents an ll.l-percent increase over base FRF,
while falling a slight 0.5 percent from the Cat 1-H value of 14.78 ¢ 0.1
hp-hr/gal. The second was a 63/37 volX mixture of FRF and RJ-5, which
displayec an ll.8-percent increase in specific range over base FRF. The
aspecific range for this bleud was 14,81 ¢ 0.9 hp-hr/gal., which 1s actually
a slight improvement over Cat 1-H at 14.78 t 0.1 hp-hr/gal. The comparison
of the performance of these blends to baseline is statistically valid, due
to the small span of the 95-percent confidence intervals for the specific
range of these blends and baseline. Both of the blends performed extremely

well in the Petter engine, without any engine modifications or operating
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FICURE 12, SPECIFIC RANGE OF VARIOUS ENERGY-AUGMENTED BLENDS
COMPARED TO CAT 1-H (BASELINE NO. 1)
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difficulties, The performance evaluations of the various energy-~augmented
FRF blends are listed in Table 33 along with the graphical results in Figure
13,

2. Baseline No, 2'

a. Fuel Blends

All corrected data for this baseline set are presented in Appendix F.
During the screening process with this baseline set, nine separate high-
energy fuel blend candidates were examined in the Petter engine. Of the
nine fuel candidates, only one displayed an improvement of greater than 10
percent, while two others showed promise, The fuel which exhibited the
largest {ncrease in specific range for this baseline set was 99.6/0.4 wtX
mixture of RJ-6M and amyl nitrate., The blend showed an increase in specific
range of 11.9 perceat at 17.15 t 0.03 hp~hr/gal. compared to 15.32 ¢t 0.08
hp~hr/gal. for the Cat 1-H fuel. With this fuel, the operator noticed
slight engine surging, although speed and load set points could be main-
tained. The surging may be due to the cetane number being below the engine
manufacturer's specification of 45. The AFLRL experimental cetane number
determined for this particular blend was 39. The potential of RJ-6M may bhe
further realized with blend preparation based on increasing the cetane

number.

One of the fuels that produced an increase in specific range, but fell below
the 10-percent dimprovement level was a tetralin fuel, The blend was 97/3
wt? combination of tetralin and amyl nitrate, which exhibited a 7.7-percent
increase in specific range at a value of 16.50 t 0.09 hp-hr/gal., Another
tetralin blend screened in this baseline set, an 80/19/1 wtZ mixture of
tetralin/Cat l-H/amyl nitrate, displayed only a 4.2—pesrcent increase in
specific range., As reported earlier, a 75/24/1 wtX mixture of tetralin/Cat
1-H/amyl nitrate showed & 9.3—percent increase over {ts reapective baseline
value, Table 34 and Figure l4 are a liating and visual representation of
the anomaly that appeared in the data from the various tetralin blends. It
is felt that this anomaly may be due to interrelated effects of the volu-
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FIGURE 13, SPECIFIC RANGE OF VARIOUS FRF ENERGY-AUGMENTED BLENDS COMPARED
TO CAT 1-H (BASELINE NO. 1)
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TABLE 34, RELATIVE VALUES OF SPECIFIC RANGE AND VOLUMETRIC HEAT
OF COMBUSTION COMPARED TO CAT 1-H

VolZX Heat
Fuel Blend % Specific Range Of Combustion
Cat 1-H -—- ---
97% Tetralin
37 Amyl Nitrate 7.7 t 0.6 6.7
80% Tetralin
19% Cat 1-H
12 Amyl Nitrate 4,2 £ 1,05 6.2
752 Tetralin
24% Cat 1-H
1X Amyl Nitrate 9.3 £ 0,05 5.6
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metric heat of combustion and cetane number., The cetane aumbers of these
various blends had not been determined, but due to the chemical structure of
the base tetralin, {ts cetane number 1s predicted to be around 10 or 12,
The promise shown by the tetralin blend warrants further attention in devel-

oping {ts high-energy capabilities,

The other blend which showed improvement was a JP-10/nsphthalene blend. A
77.6/19.4/3.0 wtX wixture of JP-10/naphthalene/amyl aitrate (AN) increased
the specific range of the Petter direct injection engine by 7.1 percent.
The value of the specific range was 16.41 t 0.16 hp-hr/gal., versus 15.32 ¢
0.08 hp-hr/gal., for the Cat 1-H baseline fuel. Init{al problems in screen-
ing this fuel developed due to the extremely low cetane numbers of the

basestock fuels; however, the addition of the amyl nitrate improved fuel
performance adequately so that the test could be completed. The prodlems
associated with all previous nsphthsanlene blends were also evident in this
high-energy fuel candidate., Table 35 and Figure 15 display the results for
the various blends tested during this phase of the program.
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SPECIFIC RANGE OF VARIOUS ENERGY-AUGMENTED BLENDS

FIGURE 15.

COMPARED TO CAT 1=-H (BASELINE NO. 2)




b.  Energy-Augmented FRF Blends

Further screening of energy-augmented FRF blends revealed two blends which
showed parity with the bageline diesel fuel. The first blend exceeded the
performance of the Cat 1-H by 2.6 percent based on specific range. This
fuel was an 86.5/5/5/3.5 volX% blend of Cat 1-H/deionized HzolkJ-S/EA78 sur-
factant, The specific range for this fuel was 15.72 ¢ 0.08 hp-hr/gal.,
vhich 1s a 15.1-percent increase over the base FRF value of 13.41 & 0.26
hp-hr/gal. For comparisons, the Cat 1-H has a specific range of 15.32 ¢

0.08 hp-hr/gal. Another energy-augmented blend which showed promise was
84/6/5/5 vol% mixture of Cat 1-H/surfactant/deionized BZO/RJ-S. This com-
bination of fuels increased the specific range of FRF by 10.4 perceat to a

;

value of 15.00 t 0,04 hp-hr/gal., but fell short of baseline performance by é
a small 2.,! percent. Several other blends were tested, but results indi- §
cated relatively minor improvements., Table 36 and Figure 16 display the 4
results for all augmented FRF blends examined, E
%

V. CONCLUSIONS AND RECOMMENDATIONS f

- L

TR

A. Conclusions

) Several of the screened candidates showed good potential for meet-
ing the objective of improving range/power cspabilities.

. The Petter engine has worked exceptionally well as a screening
device,

o Several synthesized hydrocarbons, with cetane improver added, are
feasible HEP candidates. These include RJ-S, RJ=-6M, JP-10, and

[N

tetralin,
o A synthetically derived hydrocarbon, RJ-6M, improved the range of
the screening engine by 11.9 percent over the baseline. |
] The tetralin-based fuels are probably the most realistic high-~ '
energy fuels due to cost consideration and performance evalus-~
tions., The full potential of these fuels has probably not yet :

A, WM

been realized, since cetane effects have not been fully evaluated.

74
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° A 75/24/1 wtX blend of tetralin/Cat 1-H/amyl nitrate increased the
specific range by 9.3 perceant.
¢ ) Certain low-cost refinery products and streams have potential as
high-energy fuel blending components, such as No. 6 Puel 0il,
furfural extract, and & polycyclic aromatic blending stock,
° The HEF and FRF programs have been brought closer together without

diluting the effort of either.
° RJ-5, although costly, has an extremely high volumetric heat con-

. .“.m..s,;.wwuzwimwmﬂﬁlﬁ

«
2l e TR TN LTkl 1

tent and has shown fire-safety characteristics., It could be

ugseful as a blending component, B
® Blends have been prepared which show potential for high-energy,
fire-resistant fuels,
° A 86.5/5/5/3.5 volX blend of Cat 1-H, dionized 820. RJ-5, and EA78
surfactant improved upon FRF performance by 15.1 percent, which is

[EOURPTY TR

a 2,6-percent improvement over the reference fuel.
° A 63/37 volX mixture of FRFY and RJ-5 increased the range of the
base FRF to a parity with the reference fuel,
: ° A 50/50 volX blend of Cat 1-H and RJ-5 displayed a 13,5-percent

improvement over the reference diesel fuel (Cat l-H).

Lt L L.

B. Recommendations

° RJ-6M, one of the latest high-energy fuel candidates to emerge, }
shows great promise. Studies with this fuel should be vigorously

pursued.
° Studies with the more promising fuel and fuel components should

continue,

) Studies of the cetane effect on the performance of the high-energy
fuels {in the engine, especially with tetralin and 1its blends,
should be initiated.

® Further work should be expended on developing blending criterion
bagsed on cetane number, due to inherent low cetane numbers of many

of the basestock.
- e - All fuel blends which display improvements in range that meet the
project guidelines should be furthsr examined for performance

optimization,




"”

3.

6.

° Laboratory and engine studies with "catalyzed" carbon black should
be pursued.

) Some promising fuel and fuel blends have not yet been screened
with the Petter eagine. This should be done.

° Cognizance should be maintained with other high-energy fuel re-
search, aespecially that conducted for the Air PForce and Navy.

e Wherever feasible, efforts should continue to interface the HEF
and FRF programs.
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APPENDIX A NO. 1

v bl 4w ik b M

SRC-11 Middle Distillate Inspections

Specific Gravity Ash, wt ' 0.0023 i
15.5°C/15.5°C 0.9840 Steam Jet Gum, mg/100 ml 25.1 5
Gravity, °API 12.3 Accelerated Stability, m=g/100 ml 10.5 H
Viscosity Particulate Matter, mg/l 77.5 :
cSt at 37.8°C(100°F) 3.83 Total Acid No., mg KOH/gm 0.31
_ eSt at 40°C(104°F) 3.68 Cetane Number 16
; Flash Point, (D 93), °C(°F) 80(176) Carbon Residue, 10X Btms, wt?¥ 0.52
o Aniline Point, °C(°F) -9( 16) Water, wtl 0.08
: Pour Point, °*C(°F) =48 (-54) Copper Strip Corrosion, 5S0°C
) Cloud Point, °C(°F) Too dark (122°F) la
; Rydrocarbon Type FIA, voll Net Heat of Combustion
b Aromatics 91,2 MI/kg 40.007
. Saturates _ 8.1 Btu/1lb 17,200
Olef ins 0.7 Visual
Elemental Analysis, wtX Color (D 1500) 8.0
: Carbon 86,15 Appearance Dark gray, turns
- Hydrogen 8.64 opaque, Black
E ' Oxygen 3.9 IR Curve Spectrum indicates mixture
Nitrogen 0.82 of aromatic compounds with
Sulfur 0.26 significant hydroxyl sub-
Ring Carbons, wt2 stitutions on sromatic
Monoaromatic 30,5 rings. No organic acids.
Diaromatic 22,6
. Triaromatic . 0.95
Distillation ASTM D 86 GC Distribution
i °C M 4 *C e
; 1BP 187 388 13T 304
i 5% Recovered 204 400 187 368
; 10 211 412 197 387
E 15 216 420 210 410
' 20 220 428 216 420
2" 30 228 442 232 450
] 40 237 499 266 471
. 30 245 473 258 497
60 254 489 268 514
; 70 262 504 280 536
J 80 274 525 295 563
E 90 289 353 a1l 592
, 95 303 577 324 615
{ EP 323 613 m 710
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~APPENDIX A NO.
U.S. DEPARTMENT OF LABOR

Occupational Safety and Health Administration

MATERIAL SAFETY DATA SHEET

SRC 11 MATERIAL

MANUPACTURERS MAM

Revised 8/79 , Raplaces 4/79 CKH

e S RN B {712 228-1001
ADDRESS (NUN| BTA )
North Fort Levis, WA 98433
cnsmm NAME & WW
Naphtha
FCWEMICAL PAMILY |
Coal derived aromatic maphtha ND
FTAT RUWBER L3
JD
SECTION 1l -~ HAZARDOUS INGREDIENTS
v ny
MATERIALS % | wuw MATERIALS % | o
Naphtha 99+ o Hydrogen Sulfide

Phenole & Cresols

5-10 5 ppm Benzene

<0.1] 10 ppm
<lmu.m_

potantial of this particular material.

[~9Ho Inforaation Is currently available on the long-term toxicity and/or carcinogenic

Rowever, the health hazards, particularly skin
lesions, associated with coal liquefaction processes are recogniszsd as potential health
m?lms. Therefore, it is n{..oc-ondod that inhalation and skin exposure be kept to a

DOT HAZARD CLASS: Flsmasble iiquid.
/ SECTION 11l - PHYSICAL DATA
SOILING POINT € ( P) 60-177°C 08 7198°€ *
Qe0-350°P) 0.8)
VAPOR PAESSURE (mm 44.) "%%'35..'”«3»’“ K )
Lﬁm
VAPOR DENBITY (AW s 3) N —t
SOLVBILITY IN WATER Megligible

ASPEARANCE AND 0DOR

Colorless to dark asber (darkent with age and air contact).

Dotusa

O acoro. roam  [Kcanson ovonine

[TS0ECIAL PINE FIONTING PROCROUALS

[~VRT ARD TRFCOVISR RATANES

L

Mroam

(Monv cnamicac

D warea sonav (#00)

Treat 1ike gasoline or 1light petroleum naphtha.
wvatezr. Use water to oool firu-exposed containers, disperse vapors, and protect per-
sonael. Use airz-supplied rescue equipsent for enclosed sreas.

Floats on

Nighly volatile and flamsable. Material can be ignited by
flame ox incendiary spark under almost all normal atsospheric tesperature conditions
due to its lov flash point,

NA o Not Applicabhe

MO = Ne Dy Availsbly

= ik . Minch bn Ty -

Gui Modified Form OBHA-20

—

> e oy oy
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v ga—ercyen
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NAPHTHA
R -] SECTION V - HEALTH HAZARD DATA |~ =77 00 S %2 27
st 5 _ See Saction II,
oF O nho: Severe eye ixritant. Vapor is irritating to the eyes and mucous

membranes. High concentrations of H2S in an enclosed space such as a tankcar will produce
depression, unconsciousness & death., Systemic toxicity, particularly CNS & resp. effects,
can occur from the pontbl.c skin absorption, inhalation, and ingestion of this material
. 241, 0 - COMDOUNJS .
GueROERCY AND FIRST ATD SRECTDUA SKIN CONTACT: Immed. water dsluge shower. Pollow by rin-
sing with castor or olive oil for large skin surface exposurss. EYE CONTACT-Flush immed.
ith vater for 15 min. INHA: Remove from exposure, give artif. resp. if nacessary. INGES:
DO :orkxm V?uﬂuc (upén Murd cin 1-2 oL & t.. coal {onov-d by 1-2 glasses

VORI LAS

SECT lON Vi =~ REACTWITY DATA

INCOMPAY. (Mater 10 sveld)
lucu with "ﬁmﬁ %;ggnng Ratexigls.
When to «ﬁucm, it IIE emit txriuu% and toxic fumes.
POLYMERIZATION, JMAY OCCUR Wik, NOT OCCUR X

- I.VACI. anta [ PR TR AT 5
@sroe rLow O DTS 'emw VBER 1o 025’ %&’Z‘m

A T Siucstes [ assons on scanrs ue D SAMAILYICAN TS (Qramovesaso cLotHing

B AvoiD inmaLATION ) vacuum v DI L0 RLO%MATE AREA OR [ orrgn

AVOUO OEAMAL CONTACY

DURING NOAMAL USK mmd:mﬂl
Yeos

OENERAL VENTILATION Yes
Yos Yos

2, if needsd 3, laxrge spills
2. Full Fost MasX Podittve Presaws -Demend
Tyse Sappiind AV

LOCAL EXHAUSY

RESMAATOPY PROTELTION (1.3
1. Particie - Removing Al Pwrifying Al Respirsior 2. Gas and Vepor - Removing A Pwifying

{Machanizel Fllter) Asspireior (Canister)
JEYE PROTECTION | sarsrv aLassas |x | cuemmcar cocarts | x| race swigio % %uur
PROTECTIVE NEOPAGNY G | roLvvinviL ALcOnoL IR | POLVETHYLENE wnli”n) AR
OLOVES NATURAL AUSEEA [P | BUTVL AUSNEN POLYVINYL CHLORIDE | MR ﬂl}ﬂﬂ' RECOMMENDED
=OIRTET, T ,Mox.a;bﬁam:mﬂhﬂm
Tt A Rl AN SECTION IX — SPECIAL PRECAUTIONS

PEANIOS O I TADN 15 SELIG A STIIIG: A0w s 40 1S CINACT, ADID DR IINGATION & WIS, AES, 0 vy, e e VB
FED Gmal & 1w GINES ML, HOERIN A0 GIRES OWal MRDVDEID 1 W 08 @ UD! BIrT. RATals WIRKABUS, DFTY JUS WY EBRAM
AAAS Wi, D O BB MIT WTIR 0RO NECADNS. M DI M0y MATICS 40 AEEEN. 1D IT AT LIRS B PN VOIS Wl

e IS, (e FNsin @ I GILD A (AR, IDSUAN-FELLUS AFUYIN W UV Ay BT &4, Tws LR SaUD N MR IR

OTHMER PICCAUTIONS: Animal data suygest that SIC saterisls have tlw potsatial of produsing
fetotoxic effects. Therefore, it is prudent to psevent fertilo fomales
from receiving signifioant exposure to this materisl,

FoR rutmonrmon SPILLE OR LBAK

e date ond recvmmendstions %ﬁv ore based upun our resesveh  EMEROENCIES, C.
and the ressorch of vihan, and are believed v be sxewrsts, No o0 CNENTASRC - “0-4“- 1200
o/ their aceuracy (s made; huywever, ond the products Siscussnd ove disiributod  (CHEMICAL TRANSPORTATION BMEACENCY
wirhu'ut wermenty, ¢ am o Jmﬂw ond 1he peron receiving them sheli meke  CENTIER),
of the siteblliny therevf for Ni perticuise purpuse.
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U.S. DEPARTMENT OF LAROR
Occupationa! Safety and Health Administration

MATERIAL SAFETY DATA SHEET

Revised 8/79,

I
!

Replaces 7‘79 CRH

(713) 226-1011

ADOALSS (NUMBER,

LY. CiTY.STA
Nort Fort Lewis, HA 98433
CHEMICAL N (T
Heavy Distillate
NA SWHTA

CHEMICAL PAMILY v WA

Soal doiivgg heavy 4distillate
V] v

ND ND

g L Y ] SECTION N — MAZARDOUS INGREDIENTS 774777 " 77

e A Ay RS

MATERIALS % | oo MATERIALS %

Heavy Distillate 100 »

*The health hazards, particularly skin lesions associated with coal liquefaction
processes are recognized as potential health problams. Therefore, it is stronqly
recommended that inhalation and skin exposure be kept to & minimun and that all
tecommended precautions be observed when handling this material. See Section v.snd IX.

DOT HAZARD CLASS: Excepted from requlatiors
RER 7’/,,//] SECTION NI - PHYSICAL DATA !{/ﬁ/%%@/ ig s S,
BOILING POINY € (F) 288-654°C =

i
198 /1048 °¢C

($80-8%0°? ) 1.08

PEACENT. VOLATILT
VASOR PALISUAL (MM mp.) ND v voiLumE (%) 97

VASOR DENSITY (Aay) ‘m o
.-

SOLUBILITY IN WATEA Negligible

APPLANANCE AND ODON Asbar to black oil, oily odor.

ey, TSBCTION IV = PIRE AND EXPLOSION MAZARD DAYA L 77
oY " " YR TS

»

Dnseoues POAM mcnm 0IOXIDL aoav CnEMICAL alom II*"" sPRAY {£00)
Ootun

SPLEIAL FIRL F10NTING PROCEDUALS ()49 yuter spray to keep fire-exposed containers cool,
flush spills awiky from fire exposure, and to Aisperse vapors. Uss sir-supplied rescue
aquipment for enclosed areas. This material sinks in water.

Lmn‘:rmm
Combustibla. Hesting this material to ite flash point is

f likely to give sufficient vapors for ignition upon exposure to flame or incendiary
’ sparks.

ol

. —

adas 1.

OV I

28 dea

NA « Not Applicabls NOD = No Date Awvsiiable Oulf Moddied Form OBHA-20

?
{
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HEAVY DISTILLATE

SECETARY URLUT iﬁ,gnzag ﬂldolm for uiibomo exposure tol;:on

ORI F OTDMBUR MLLY IITATim 70 BE NVES. FNER SMITATION MY SCTIR AFTIR ROLOEED O RPRATD COFIACY VI B SXin.  AROUST BE
ISNLATION JAZVD 15 LY I T0 TWE AQATIVILY LOW WLATILITY (6 g PRODETE, MOGLATION OF MISTE OR WORS MREASED (PO 1EATIIS DOLD I AOLOD.
ADOGE ¥O WUATID OPORALS MY LD T DEVRTITIS, (RS WIS SN DIOSDERS, MO FOSIRY SN Cocam. (AUSNON; Miee sugsnumg sus 1nacTioE
MY GEOP W@ RIS W AR, ILECTRS.  SLASY WILL BOT APRAR SERIUS AT FIRST; WITWIA A PEY IOLRS TISRS WL SBCOR SOLEN, NEOIWD, 4O
OVDR.Y PANAL

SUEDOY A0 FIRET AD PRXERUIRES - SO CNACT; v RCDOMLY W™ I MO WATER OR MTDREN 1wop atem. EE COACT; Fume vy covics
NONTS ¥ TR, |f PRI FPMINTL, SEx ADWAL AD, INILATION foow mos ooonse.  KIG1 MESRLSE SN IRLECTION;  Crapmmcy reoica
VARG ST B GUTANED IVEBUATRLY AT ACCIEBbG INACTION. PSiCian st I A Ian 0% LODN. PROCERINS POl NEADEN & WS TWE OF
e (1.4., UCISIZ, SLNE KRIMTIOL APDWL & MOUTIC VIS, N0 DA IENus).

SECTION VI -~ REACTIVITY DATA

B g

STARILITY.: | UNSTABLE STARL | %

PAVARILT < ate
INCOVPATARBILITY (Materishs 10 "“,uncn with strong oxidizing materials

FeXTENS50T SULOMRSTI Ok PROBITYS
i wil t irritating and toxic fumes.
SOLYMEAIZATION: [MAY OCCva WiLL NOT OCCUR | x ’

' » RY & T
IvaCuATL AREA lr "2:70“".0!"03.(‘% O
N PRQY INCIN ANMENTAL
@sroe reow SISAISIES R vy BOENARTE Y B  vions  EOFRLLY 23;3..,.

fuiVINATE ALL SOURCES INCINERAATE AFTCA
B S 1GNITION, PLAMMASLES m ABIORS O KCAAPL P D W-N‘ MU&I E-uovcw-uo cLoTrng

sto-omnA;Aﬂoﬁ vACUUM UP D%‘ﬂ‘h"‘;ﬁ:‘.’ﬂ‘.’.ﬁ AREA °'Do7~n
B svoic otamar contacy

,/7 SECTION VIl ~ SPECIAL PROTECTION INFORMATION l% 7

DURING NOAMAL USE hxt‘omc q‘?ﬁl &if &':."'A.:”"

GEINERAL VENTILATION Yeos Yos

LOSAL L XmAVSY prefexred Yeos

ALEMALTOAY PROTECTION ()-D) 1, 1f needed

1 Purtich - Remosing A Purifying Air Respirsior 2. Gas andl Vapor - Removing Air Purifying 2. Full Fece Mask Positive Prestirg - Demand

(Mechanxcel Filier) Respiracor (Conlsier) Type Suppiiod A

EYE PROTECTION | saraty aLasses CHEMICAL 0000LES FACE SMILLD %) 2%.“.\'7
rnoncnvt NEOPALNE PoLYVINYL ALEOHOL | ym] POLVETHVLENG R 4 rAIR

GLOVES NATURAL AVBOLA [P | BUTYL AUSEEAR WA POLYVINYL CHLONIOE IR /”l/ vor RECONMENDED

ot~ shoOTLCTiVE £ 8 r] nof & n

of m.lu, funes, Or vapors. mtnutn 'ood vonuhuan. nuhchnnqo of voru elothu
daily. Showering and clothes change recommendad at the end of each shift, Combustible
hydrocarbons, empty druss may contain combustible vapors. Wash out drums m nn hofox

Auimal data suggest that SRC materials have the potential of producing
{fetotoxic effects. Thersfore, it 1s prudent to prevent fertile femsles

fros receiving significent exposura to this materiel.
ﬂm; FOR TRANSPORTATION BPILLS OR LEAK
T ety and rovmnwndatvm ted Aercin are bascd upm yur reseerch EMEROENCIES. CaLl

od 1 nuerch up others, el are belicred (0 b svwreie. No ntre  CHEMTREC - 800-424-9400

of thair guanrge s 1 middyv, Rowerer, m thy producis discussed ore distributcd — (CHEMICAL TRANBPORTATION ENERGENC)
withe it wameniy. cxpess ot impliod, and 1he persun receiving them shall meki  CENTIA).

Ay own ditirminginm uf ke sitability tharcuf Jor Ris pariiuier purpok.
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U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration

MATERIAL SAFETY DATA SHEET

hvind 8/79, Replaces 7/79 CIH

]

SRC II MATEKIAL
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WA STRDRY Middle Distillate

Cail aatived middle distillate VORRTAA :

oo NIEX WO YRV ENTRY :

WD :

TSP e

SBIAN

e S wdeboe it b,
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SECTION Il — HAZARDOUS INGREDIENTS

MATERIALS s | oo MATERIALS
Middle Distillace 99+ hd Bensens |

#The health hazards, particularly skin lesions associated vith coal liquafaction

processas, are recognizad as potential health problems. Thersefore, it is strongly
recommended that inhalation and skin exposurs bs kept to a minimum snd that all .
recommended pracsutions be observed vhen handling this materisl. See Section V.and IX. !

DOT HAZARD CLASS.  Combustible 1liquid

135 KK ROV A S IBAT  SECTION Il — PHYSICAL DATA
SOILING POINY € 1 F) 177-288°C 14 nu i :
350-550°Y 0.97 -
VASOR PAEISUAL (Mm He.) o "'ﬁ,‘c;twm‘ A 97 L
VAPOR DENMITY (Aw e §) 1) TVARSRAYION RAYT m ’
SOLUBILITY N WATER Slightly soluble L
APPLARANCE AND ODOA Amber to black oil, strong creosotelike odor }
SECTION v — FIRE AND EXPLOSION HAZARD DATA [f f

REUTRAE!

» 71°C (160°7) closed cup b
Dawconos roam  [Jcanson oroxioe E)onv cramicar Broan

Dotnea
SPLCIAL FIAS F1anTinG PROCEOURES o yater spray to heep fira-exposed contsiuers cool, Jiush
spills svay frow fire exposures and to disperse vapors. Use air-suppiied rescus aquip-
want for enclosed areas. This meterisl {lests and emuleifiss vith veter.

E)watea ssnav 00y

"TINT"ARS TRRBSISN RXYXNES™
Coubustidle. TFlammebility similer te diesel fual or karosens.

Eicther afating of the meterisl through hasdling or hesting to ite flash peint is likely
to give sufficient vapors for fgeitien upon exposurs to flams or incesdisry éparks.

NA » Not Applicable ND » No Dosta Aveiloble Quif Modilied Form OBMA-20
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AO? BE FORIRS IV DSV, MIALATICL S8 NEEST. OF NS MTRIAL BE W B AEIDES ¢ REILIC WIS, MOLOED § ADNAND DFORILS My
WA 10 BUVMTITIS § FORSIILY TO SKIN TICR FOVRTIeN.  CUNION: Mhee MESS. Gxin NAECTION MW GUOS W ICIKHG Wi AR YRS, Duany Wil
OV APPOAR SRS AT PURST) VARG A FBY (ASS TISAE WL CDC SMLE, HIKD.OWD, 4O BALY MINL.

MIDDLE DISTILLATE

PEGDCY A0 FIRET ATD FIXERLIES - SN (AT been. v SRR 2O, Faise Bv ANSHE WTh CUTR @ GLME 6L AR LARE SO0 ITNCE DFORAGD.
O CORACT: Fume oD, wiw wTen ror 1S sux. HVLUTIOH Apove moe DRSS, 6NG ASTIF, M. I¢ asckeswy.  DEESTION D) K BRLCE WAITUG
pmarios wap!. 50vt 3-2 og ACT. Ouacon. FRLOED Bv -7 @asms 00 itk on 24 02 Vs G L1V OiL. (DERIN BUED. PED. AID FOB AL IS OF OB
oy, NI MESS, SN IECTION: Erans. /D, WQAT. ST 88 CBTAIND MOED. APTER ACCTUIVIAL MAACTIN, MWBICIAN ST ) AVRLLAR WWY LG

R TRADENT F WEI TV @@ WD (1.4., BKISIOL SLINE IMIMATION RPOWL. OF ISCIOTIC TISRR, § U0 SN,

SECTION VI — REACTIVITY DATA
[ESR BV SR B RVEIE

INCOMPATABILITY (Matendls 10 8v019) g sacts with strong oxidizing materials.

mn ﬁugcﬂ to goco-goof Ion it vill emit irritating and toxic fumes.

-o..vununnou. I“Avoccuu | | WiLL NOT OCCUA ]X

[ JevacuaTe anta (1] auomwr&ncv' .Doa"os.llc‘:,ﬂonn VARG

Qsroe riow ® OB DRI om mﬁp‘*@w&x&m
LSBT SSNIESS, 00 Asone 08 scaars v [JEAGANMAATTS" [ nssove souao cuomeme

K)AvoiD iInnaLATION ] vacuum v U“:uhﬂmt AngA ono OTHER

Elavoio otamaL convacy

Y7 %] SECTION Vil — SPECIAL PROTECTION INFORMATION

OURING NOAMAL USE mxw&%‘vmﬂ‘

OENEAAL VENTILATION Yeas Yas

LOCAL ENMAUST Yes Yeo

AEIMMATORY PROTECTION (1-9) 2, 4f needed 3, for large epills

1 Partscie « Remoring Av Purifying Alr Rnpirsior 2. Get end Vaper - Reymoving Ak Mwrifying 2. Full Fote Mask Positive Prosewry « Demond
[Mechanioei Milter) Respirmior (Canizier) Typ: Supplied Ak

EYEPROTECTION | sarervacasses |x | cremicaL cooores | x| race switco /1] sxcuu\r

gLOVES NATUAAL AVSSEA Ip | SvTye AvesdA ‘!. POLYVINYL SHLONIOE | MR /”amor RECONMINDED
OTHEN PAOTLC cTwle'ﬂlm Ticetion oY & & TYTSY STUIN BUIOTE WorR Ry

PROTECTIVE NEOPAEN’ G | Porvvinve accomou MR | PoLYETHYLENE MR |7 PAIR

ln €
B5n 4%71/,’?%1?’%% SECTION I1X — SPECIAL PRECAUTIONS [ - /7 ik, 5. 7 A

v e Avoid skin end eys contact. Avoid t
of sists, fumes, or vapors. Msintein good ventilation. Fresh change 5! work cuthu uu
Shovering and clothes change recommended st the end of each ghift. Cosbustiblebydrocarbon

ble vapors. Wash out drume with water bdefore discarding.

Aniasal data oeuggest that SRAC meterials have the potentisl of produciag fetetoats
offegte. Therefore, it 10 prudent to prevent fertile femsles frem reseiving

significant axposure to this materisl.

POR TAANBPORTATION PPILLS OR LEBAK
The date sl movmniendathm I@ ;m-m ore based upvn gur reseorch  EMERGENCIES, CALL 4

ond the rxenh uf vikens, are beliewd 100 be sacwmars. No iee  CHEMTYAREL -~ 000-434-0000

v/ their accurecy is mede, huwerer, and the seuducis discussed eoe driributed  (CNEMICAL TRANSPORTATION ENMEROENCY
without wemeily, eaprets ur implicd, and 1hv persun receiving them shall mehe  CENTER),
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PURL NO. AL-7225-F -

APPRIDIX B

~W0. 1 AVILRL FUEL NO. AL~10113-F (CAT-1H)

-0, 2 ATLEL FUEL HO. AL-8821-F (DF-2)
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APPENDIX B, NO.1
AFLRL FUEL NO. AL-10113-F(CAT-1H)

API Gravity, 15.56°C (60°F)

Flash Point, Pensky-Martin Closed Cup, °C (°F)
Pour Point, °C (°F)

Cloud Point, °C (°F)

Carbon Rasidue, %

Coppor Corrosion

Ash,X

Lanp Sulfur, %

Viscosity, 37.8°C (100°F), cSt
,40.0°C (104°F), c8t
Saturates, X

Aromatics, %

Cetane Number
Hydrogen, wt?
Carbon, wtX
Nitrogen, ppa

Net Heat of Combustion, Btu/ld
ﬂzo’ z
Sedinent, %X

TAN

Aniline Point, °C (°F)

————

34.9

80 (176)
-16 (+3.2)
-4 (+24.8)
0.14

1A

0

0.399

3.21
3.2
71.3
28.3

53
13.09
86.46
36.5

18,665
0

0
0.03

67.7 (153.9)
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APPENDIX B, NO. 2

AFLRL FUEL NO. AL 8821-F

API Gravity, 15.56°C (60°F)
Density, g/al 15.56°C (60°F)

Carbon, wtX
Hydrogen, wt2

Flash Point, Pensky-Martin Closed Cup, °C (°F)
Fire Point, °C (°F)

Viscosity, 40°C (104°F), cSt

Cetane Number

Sulfur, wtX

Copper Corrosion (D-130)

Net Heat of combustion, Btu/ld
Cloud Point °C (°F)
Pour Point °C (°F)
Acceleratad Stability (D=2274), mg/100 ml
TAN
Btream Jet Cum mg/100 ml

Saturates (FIA), volX%
Olefins (FIA), volX

Aromatice (PIA), volZX

K.F. w.t.r, 4

B-4

35.2
0.8484

86.66
13.34

71.7 (161)
84 (183.2)
3.2

51.0

0.47

1A

18,450

-1.0 (+30.2)
«10.0 (+14)
2.7

0.03

3.2

69.1
1.3
29.4

0.03
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APPENDIX B, NO. 3

REFERENCE GRADE DIEBSEL FUBL, #AL-7225-F

[MIL-F-46162A(MR) )

API 15.56°C (60°F)

Flash Point, Pengky-Martin Closed Cup °C (°F)

Cloud Point, °C (°PF)
Pour Point, °C (°F)

Viscosity, 40°C (104°F), eS8t
37.8°C (100°FP), cSt

Carbon Residue on 10X Bottoms, wtX

Lamp Sulfur, wtX
Sulfur (by X-ray) %

Copper Strip Corrosion
Ash, wtX

Water and Sediment, volX

TAN

Cetane Number
Saturates, (FIA), volZ
Olefins, (FIA), volZ
Aronstice, (FIA), volX

Density, 15°C g/ml

Cross Haat of Combustion, Btu/ld

36.1

60 (140)

=21(-5)

=24 (~-11)

2.07
2.17

0.15
0.35
0.31

1A
0.0009
0.01
0.01

48
70.9
1.6
27.3

0.8438
19,450
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APPENDIX B, NO.

Boiling Point Distribution, °C

1BP

10X evap'd
20%

30%

40%

50%

60X

70%

: 80%

¢ 907

95%

E.P.
Recovered, 2
Residue, %
Loes, %
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3 (Cont'd)

D-86

167
218
228
233
238
242
248
257
270
293
313
336
99
1
0

S b D g g

|2

89
211
220
232
238
251
258
271
287
312
3313
393
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APPENDIX C

. FREEZING TUBE TECHNIQUE
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APPENDIX C

FRERZING TUBE TECHNIQUE(2)(D)

In this AFLRL-developed method, the prepared samples of known
concentration were placed in plastic tubes (4.5-cm OD, 3.8-am DD,
0.32-cm wall, and approximately 31 om in length) which were plugged
at the bottom with a No. 8 rubber stopper (Figure a). Almost all
the data were taken at room temperature; howvwever, a controlled
temperature bath could be used for future samples if settling rates
at other temperatures are desired (Figure b). After the desired
time period for settling, the tubes were frozen at approximately -
80°C (-112°F) (Pigure c¢), and each tube cut {nto six segments
(FPigures d and e) and measured by length. After each segment has
thawed, it was thoroughly stirred to give a uniform sample. A small
S=- to 10-gram sample was removed and then analyzed for solids
(carhon) by a modified ASTM I’ 893-78 procedure, the standard test
for insolubles {n (used) lubricating oils. The procedure, as
modified, consiste of weighing the sample in a centrifuge tube,
washing 1t three times with 75 to 100 ml of pentane per wash, and
removing the pentane by decanting after centrifugation. The sample
is dried in an oven at 104°C (220°F) for at least 30 minutes, cooled

in a desiccator, and then weighed.

Although a good method, it is time consuaing and it tends to give
slightly high values for the recovered carbon. Although the values
appear to be high, they are correct relative to each other, a
phenomenon whch might be caused by the incomplete removal of the
last tcrace of diesel fuel adsorbed by the carbon black. Although
the method is not yet quantitative, it is an excellent indicator of
stability, since all samples are prepared in an identfcal fashion.

(a) Prom Reference 3
(b) Por revision to this technique, see this report,
111-D-1b(3)(a).
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a. Tube Containing the Carbon Slurry

b. Tube in Controlled Temperature Bath ¢. Tube Frozen in -80°C Bath

FREEZING TUBE METHOD FOR MEASURING CARBON SEDIMENTATION
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h

Frozen Tube Just Prior to Slicing

e. The Six Resulting Segments After Slicing

FREEZING TUBE METHOD FOR MEASURING CARBON SEDIMENTATION (CONT'D)
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APPENDIX D

IMPACT DISPERSION TEST




Program Tide: Development of Impact Dispersion Fluid Flammability Test

Sporeor: U.S. Army
Contract No.: DAADOQS-67-C-0354DAAD0S-70-C-0250/DAAK-73-C-0221/
DAAGS3-76-C-0003/DAAKT0-78-C-000;

Swhi Project No.: 10-2078/10-2798/10-3630/10-4296/10-5070
Start/Complets Dates:  1969/1978 Continuing Refinement of Facility and Procedures

Reporta or Publications: Weatherford, W. D., Jr., and Schaekel, F. W, “*Emulsified Fuels and Aircraft
Safety,”” AGARD/NATO 37th PEP Mecting **Aircraft Fuels, Lubricants, and
Fire Safety,”” The Hague, Netherlands, May 1971 (AGARD-CP-84-71, pp. 21,
1-21, 12).

Weatherford, W. D., Jr., and Wright, B. R, **Stawus of Research on Antimist
Aircraft Turbine Engine Fuels in the United States,” AGARD/NATO 45th
PEP Meecting '*Aircraft Fire Safety,”” Rome, ltaly, April 1975 (AGARD-CP-
166, pp. 2, 1-2, 12, DDC No. AD-A011341).

Weatherford, W. D. Jr., and Schaekei, ¥. W., “*U.S. Army Helicopter Mod-
ified Fuel Development Program—Review of Emulbsified and Gelled Fuel Stud-
ies,’” prenared by Southwest Research Insutute, U.S. Army Fuels and Lubri-
cants Research Laboratory, under U.S. Army Contract No. DAAK02-73-C-
0221, AFLRL No. 69, June 1975 (DDC No. AD-A023848).

PROGRAM SYNOPSIS

Technical Objectives: Develop a repeatable bench-scale laboratory technique for assessing fire-safety char-
acteristics of various flammable liquids.

Appro :h: Impact dispersion experiments are con-
ducted in a well ventilated enclosed (acility developed
for this purpose. These tests invoive allowing a 2-liter
glass vessel, containing about 1.2 kg of fuel, to fall
freely 6 meters onto a stcel target plate, originally
embedded in concrete and surrounded on two sides
by gas pilot flames. In the present facility, the target
plate comprises a horizontal, elevated 2.5 cm-thick
steel plaie with electric surface heaters attached to its

under side so that its surface temperature can be ad-
justed and controlled independently.

Heated impact Pad. Gas Pilot Array, and Fluid Container
With Solonord Release (Lowered for Phoiograph)

The relatively low vertical velocity of 11 meters

per second developed by the glass vessel during this -~ —

free fall corresponds to total occupant survivability ; 23

during a vertical helicopter crash, but it is near the : : Bt

onset of marginal survivability. The glass containers

are filled to an ullage of about 2 percent of the total

volume for each test. A television camera (with zoom

lens) is located about 6 meters from the impact point,

and this is used to document the test results on video

tape. A background grid provides a dimensional

frame of reference, and subsequent examination of

the video tape by slow motion (and stop action) pro-

vides reduced data. Tests arc conducted at several

different temperature levels, from about 25° 10 99°

by preheating the fuel sample and the steel target Feak Spiash With No Fireball

plate to the desired temperatures. (Typical of Antimist Fuels)

Accomplishments: The following data reduction sys-
tem placed the impact dispersion results on a semi-
gquantitative basis. A rating from “*A’’ through *'E*’
is assigned to the results of each experiment, depend-
ing upon the observed flaminability characteristics.
These range from *‘no pilot flame enlargement’’ for
highly effective antimist fuels through **pilot dimen-
sions less than doubled,’”’ *‘pilot flames toially
obscured by transient mist fireball®’ (neat, low-vola-
tility fuels), to "*coalesced fireball with simultaneous
pool burning’’ (volatile liguid fuels). This method of
quantifying the results of impact dispersion tests has
proved usable and correlatable with other experimen-
tally measured flammability properties.
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2 FILES (0,5

3 C’&***#.#********##‘*t‘*#**#0#*#*##*‘*&tttthim*#*h**#ﬁ*#
4 C

S C PEDRP~ FPetter Engine Data Reduction Program,

e C a program used to correct performance

70 parameters from the PETTER screening

8 C engine for atmospheric c¢onditions. The

3 C mean and 35X confidence intervals sre

19 C then calculated for corrected parameters.

1t C

L R R B o e L o R R R L W R N L R R P R S R
12 ¢

14 PROGRAM FEDRP

15 DIMENSION A<100,75,B¢100,5>,CC30)5,DIS)

1o DIMENSION NASTCZ )Y, LASTC(29 ), HFACY 3 ), HSRGC 3 ) . MRSTC 2S5
T o

[

19 OPEN FILE "<“TM’ wHICH CONTRINS THE S4E ATHMOSPHERIC CORRECTION
=0 T FACTORS.

N

220 BD = DY QATMOSFHERIC PRESSURE
I3 ¢ T = OMBIENT ARIR TEMP . (F)

24 2 AR s CONVERSION TO ABSOLUTE feMP. (R

3 C

ae L

B OPENCS UL FILE= "ATM >

23 REARDC% 01 ,»BD, T, AB

23 FaT+nb

30 C

3V

2 ¢ OPEN FILE "BTU" WHICH CONTAINS THE HET HEAT OF COMRUSTION OF
33 ¢ THE FUEL BLENDS EVALUATED WITH THE PETTER ENGINE.

4 C

0

35 OPER(S04 FILE= 2TU

370

250

39 Lha

10 450 WRITECLY, 1>

41 FORMATZ 1. "ENTER LUV HUMBER FOR PERINTER--~-- ")

22 RERDI LU, +HLF

43 L=?

a4 4=5

-3 HE J=Jdxe

P NBFa100

a7

2

44 T THE SPECIFIT RANGE FILE IS WERE THE CALCULATIONS <“OR
S SPECIFIC RANGE AFE PLACED In JRDER Tu ComMyakE FiJEL:,
Sy C

S22

33 WEITO Lw, 2400

S4 in FORMATI 1Y, "SPECIFIL PANGE FILE HpitE---.

a5 RERUILD, 20 DHEREG

FORMAT 3n2)

J
1

A ——
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FUELS CAN BE ACCESSED INDIVIDUALLY OR ACCESSED FROM
A FUEL ACCOUNTING FILE FOR A SPECIFIC BASFLIKNE SETf

WRITECLYU, 2>

FORMATCI1X, ‘A SPECIFIC FUEL FILE ? ¥ OR N
READCLU, 10S)LFN

FORMAT( 1ARY)

TFCLFEN . NE. 1HY . AND .LFN.NE. THN)GD TO 30
IFCLFN . NE. THY)GO YO 8

ACCESS FUELS INDIVIDUALLY

WRITECLY,3)

FORMATC 1%, 'INPUT FUEL FILE NAME -=~-- -
READCLU, S INAST

FORMAT( 2A2)

OPENCS02,FILEsNKST)

WRITECLU, 6)

FORMATC I1X, “INPUT FUEL BLEND MUMGER==--~~- o
READC LU, » ) TFNO

SUBROUTINE FFNO CORRELATES FUEL NUNBER WITH NET NERT 0OFfF
COMBUSTION,

CALL FFNO{IFNO,504,BTLB,LRST, *23)

G0 T0 13
IFCLFN.EQ. 1HN, AND . RUT ,EQ {HY JREWTND S02

FUELS ARE ACCESSED THROUGH A FUEL RCTOUNTING FILE WHICH
CORRELATES WITH A SET OF BASELINE DaTwh.

WRITECLY, 9>
FORMATCI1X, "NAME OF FUEL QUUOUNTING FILF-~--~
READCLLU, 1 0)ONFAC
FORMATC(3AZ)
OPENCS03,FILESNFAC)
LEG=Q

READ(S03,+ ,END=300)>
LEGeLEC+?

GO TO 11

REWIND 503

00 21 LL=1,LEG

P




e RERDCS 03, 1 ONRST. IFNO
R B I I FORMATS 2R2, 1%, I3
114 QPENCS 02, FILE=NRST)
L. "5 CALL FFHOUIFNO,S04,BTLB,.LAST «23»

116 ¢
BR AN
118 C PRINT QUT HEADER
119 ¢

, 120 ¢

' P2t 2 WRITECLP, 14)LAST
122 14 FORMATC 1K1, 40%, PROJECT NO. 05-S357-130 ,..,30N, CORRECTED . 1%,
123 1 "PETTER ENGINE DATA FOR FUEL BLENDS ',.'~ . 23%. FUEL BLEND: " .1X,
124 2250,/ . 22X.600 "4 ">, /,24%, FUEL .eX, 'BHP .7X. BSFC ,6X, BSVC ',
125 ISH, 'SPECIFIC ', 3N, 'THERMAL ", ./, 8SX, 'RAHGE *, 7 24x, "NO, 7, 15N,
126 4LB/HP-HR ‘. 3%, GAL/HP-HR , 3%, 'HP-HR/GAL , 4%, EFF. ,..22%,500 "% 45
av ¢ 1
128 ¢ :
129 C ODETERMINE NUMBER OF ENTRIES IN A FUEL FILE i
130 ¢
(i 3 I }
132 N=0 ]
133 350 READ(S0Z, . .EHD=400) 1
134 NeN+ 1 i
135 GO T3 350
V36 400 REWIND S02 g

. 137 ¢ 1

1338 ¢ E
139 C KEAD DATA FROM FUEL FILE. DATAa IHCLUDES: iy
Y40 € {
141 0 MCL,1) = ATMOSFHERIC PRESSURE g
142 ¢ ACT.2) = AMBIENT QIR TEMP. OF TESTc(F) 4
143 0 ACI,3> = WATER VAPOR PRESSURE AT A<l, 2> §
144 € ACT,4> » RELATIVE HUMIDITY :
148 ¢ A<1.5) = BRAKE HORSEPOWER ;i
4 ACI,67 = BRAKE SFECIFIC FUEL CONZUMPTION ;
147 ¢ ACl,?Y = BRAKE SPECIFIC YOLUME LINSUMPTION 3
148 ¢
149 C 1
150 DO 16 I=1.N
151 READLS02,*)(ARCT.K),K=1,L)
132 0
83 ¢
154 ©  CALCULATE CORRECTICN FACTOR(CFY: AND CORRECT i
1S5 ¢ CGEHCINE PERFORMANCE DATA.
156 ¢ i
157 C r
15& R=RC1,42-100, i
159 PVesR*a¢1, 3) l
160 BDT=ACI,1)-PV |
161 CF=(BD/BDT #(({ACL,2)+AB)/F s .7) !
jee € .
163 C
164 C  OUTPUT CORRECTED VYARIABLES
155 C
166 € B«1,1> = CORRECTED BMP

e Cltiat ey ool an s

gand, e e v e e e e mm mnr e e v ——n = m—— S £ me = m e = s on > e —

i T i T T o e D
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to?
168
169
L
121
172
123
174
1?8
Lirg
1?77
178
179
180
181
182
183
134
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
203
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

OCOOOOn

1S
1é

¢
¢

1?

O0GOO0

t9

ODOOOOOMNO

Brl,2) = CORRECTED BSFC

B(1,3> = CORRECTED BSVC

B(1,4) = CORRECTED SPECIFIC RANLE
B¢1,5> =« CORRECTED % THERMwnL EFFICIENCY

BCI, 1 0wR(],S)=CF

FUGsACT,3)H/BCT, 12

B(1,2)=A(1,6)*FUG

BC1,3 =R 1, ?2)+FUG

B{I,4)etl /8<1,3)

BCI,S)=100.%C1 /C(BTLB*BC1.25/2544.,433)
WRITECLP,1SXIFNQ,(BCTI MO, N=1, d>
FORMAT(24X,13,2X, "» ,2X%,F6.2,2X, '* ,axX. Fha .3 .28, "+ ,3N,Fe. 4,
12X, "»° 2% ,F6.4,2X%, "+ ,2X,F4.1)

CONTINUE

XsFLOAT(ND

WRITECLP,17)

FURMARTCIR, /7, 39%, 95% CONFIDENCE INTERWALS .., 37X,
137K, "+ LOW = MEAN * HIGH ¥ DEVN*’, ./, 37K,28( *'))

[ F]
D

CALCULATE MEANS, 952 CONFIDENCE INTERVALS, AND DEVIATION
OF 95% CONFIDENCE INTERYALS AS A PERCENTAGE OF THE MEAN,

DO 2y II=sy,y

Jisll+y

JK=[142wJ

K2m]]43%J

Jeull¢4nJ

I2=s]1+S*J

00 18 KK=1,NCJ

C{KK»>=(.0

00 19 I=t,N

CC11)=CC11)+4B¢1,11)»
CCHOaCA Yt 2eBC(T, 11 w2,

CONTINUE

DCIT)I=CCIT a/X
SDEV=ABS(CCCC Y1 >=CCCITDem2 "KID/(XK-1. 03 m% .5
C{JKIRSDEV/(Xwwe , S )
C{K2)>aDC 11 )=-2, «C{ Y¥)
CCU2)DCIT1 )42, %3¢ JK)
CCI2)a((CCI2)-C(K2»)/DC11)2+100.
IFSIT.NE.4>G0 TGO 100

OPEN SPECIFIC RANGE FILE,

CHECK IF SPECIFIC RANGE FOR FUEL BLEND
IS CONTARINED IN FILE.

WRITE TO SPECIFIC RANGE FILE IF NOT.

DA R I

vl . -

iy v+ |

L2t ulF i ey



{
il

Q22 OPENCSOS,FILEsNSRG

223 NFeQ

224 97 RERD(S0S, =, END=38)

225 NEsNF+1

226 g0 YO 97

22?7 I8 REWIND S08

228 DO 225 1=t , NF

229 READ(S0S,60)LFNO,DEE, MAST

230 IFCIFNO.EQ.LFNOXGO TO 100

231 228 CONTIHNUE

232 WRITECSUS,60)IFNO,DCIY D). LAST

232 éo FORMAT{ I1X,13,2% FS.2,2X%.25A2°

234 100 WRITE(LR,20)C<(K2Y,D<IY»,C020,C0T2)
235 20 FORMATC I?X,F6.3,1X, "+ ,F5. 2, 1K, ", FS. 31X, "» ,1x,F3. 1
23w CLOSE-S05)

237 2% CONTINUE

PETERMINE IF SPECIFIC RANGE QUTPUT 13 DESIRED

LY NV IR N
P R R N |
N - wid
OO0
o D o AT it N Bl 8018 . M it . R Y

2473 URITEWLY, 35

o944 25 FORMRTC 11X, SUPPRESS SPECIFIC RANGE QUTPUT 2 ¥ OR N

24s READC LY, 36 YNERF

246 3o FORMRT1AY >

c4? IFCHERF NE . tHY.AND . NERF.NE . tHH)GQ TO I3

243 [FCNERF.EQ. tHYYGO TO 2%

249 WRITECLU, ?21)

250 M FORMAT 1x, "TYPE LU FOR WARD COPY OF SPECIFIY RAMGE DATA~--")

251 READCLU,»w)L?

252 OPENUSOS,FILE=NSRG »

253 ICHR=2( L
Z54 40 RERD(S0S, « END=50) i
25% ICHR2aICHR+1 "
256 GO0 TO 40 .

257 S0 REWIND %0S :

252 IFCIFND.EQ.NBF . AND .LFN.EQ. THY XG0 TO ?S ;
<59 WRITECLZ.45) !

250 4S5 FORMATCIHY, /. 4%, 2387, /7,4%, "#° .1 . FUEL NO. ,4X. SPECIFIC RANGE ', ’

261 13%, ‘% FROM BASELINE',SX, 'FUEL DESC 'PTION',?x, "#7,.°,4%,25C "4’

262 C

263 C

e6d C OUTPUT SrPECIFIC RANGE OARTA AHND 2 DEVIATION FROM BASELINE

265 ¢ FUOR R PARTICULAR FUEL BLEND.

264

26?7 C

263 75 DO 70 Is1,]1CHR

2693 READ( 505,80 LFMNQO, SRAN,LAST

2790 IFCLFNO.EQ.NBF ?GC TO 80

27V ¢ CONTINUE 1
2?2 GO0 TO 120 ;
273 50 SPRNsSRAN ;
274 REWIND S0S i
2?5 IFCLEN.EG. 1HY XG0 TO 17% !
276 0O 110 1=, JCHR i




-,

_7?
27u
2?9
230
23
282
a3
284
285
238
237
2a
239
290
291
292
293
94
259
<36
237
B T

00
a1
a2
303
304
05
Ing
307
3408
309
310
ER R
32
313
314
S
318
3 I
33
219

29
-

221

FTHS

-

130
110

READU S0S, o0 WFHMQ, SRAW, LAST
IFCLFNO.EQ.NBF GO Tu 119

DEL Y= SRAN-SPRN)/SPRN+100.
WREITE(LZ,1S0)LFNDO SRAN,DELT.LRST
FORMATC 19X, I3, 10X, FS5.2,10%,FS., ', 10X, 28AR
CONTINUE

GO TO 140

DO 189 I=1, ICHR
REARDCSOS .60 LFHO. SRAN,LAST
IFCIFNQ.EQ.NBF OGO TO 140
TFCLFND . EQ. NBF GO TQ 180
IFCIFND.EQ.LFND OGO TO 1390
CONTINUE

CLOSE(SNS)

GQ TO 23
DELT=(SRAN=-SPRNI-SPRN+1010,
WRITE(LZ,1S0)IFND,SRAN,DELT. . LRST

LLUSE ALL FILES, EXIT PROGRANM

o0 T 140

WRITECLL, 130,

WRITECLZ, 130

FORMATC tx, '"NO BRSELINES FOKk COIMFARPISON: &

CLG3E 595

IFCLP NE. 6260 Tu 2S

WRITECLY, 22

FORMATCIX, 7/, 1, "PROGRAN COHMPLEIE, DnTH OQUTPUTS OH LINE PRINTER
G0 T S

WRITECLU, 24 [FNUO

FORMATCIX, /7, "FUEL ELEND KRG. . X, 13,15, "HAS HOT BEEN TESTEC--

WRITECLU, 115

FORMATC1X, "EXAMINE AHOTHER FUEL » v 0§ n >
READCLU, 1 16)NUT

FORMAT 1R

IFCNUT . NE, tHY  AND . NUT.NE . VHNOGU TO 29
iF{NUT . EQ.1HY>G0 TO 4S50

CLOSECSN2,

CLOSECS >

IFCLFN.EQ.THY OGN TO 26

CLOSE.S503>

CLOSE<S94)>

END

CUOMPILER: HP92834 REV.2030 (800821 >

H) WARNINGS #4 HO ERRORS «=» PROGRMM: 5325 COMMON: (HONE

|

. [
e Ao O b G



&f. 40 T=00004 IS ON CROO037 USING 00002 BLKS R=0000

0001 FTN4,L ]
0002 SUBROUTINE FFNOCI,NIT,B,ND,*)
0003 INTEGER ND(29%)

0004 N=0

0005 READ(NIT, =, END=2)

0006 N=N+1

0007 GO TO 1

0008 2 REWIND NIT

0009 DO 10 IF=1i,N

0010 READ(NIT,S)L,B,ND

001t 5 FORMATC 13,2%,FS.0,2%,25A/2)>
0012 IFC1.EQ.LYGO TO 20

0013 10 CONTINUE

0014 GO TO 30

0015 20 CONTINUE

0016 REWIND NIT

0017 RETURN

0018 30 CONTINUE

0019 REWIND NIT

0020 RETURN 1

0021 END

* —r——
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PROJECT NO. 05-5857-130
CORRECTED PETTER ENCINE DATA FOR FUEL BLENDS
FUEL BLEND: CAT 1-H AL-111S-F

g
;
3

““...‘..“‘.“““““‘.‘..‘..‘0*.....“.‘..I“.‘!#G.O‘.“

FUEL BHP 8SFC 8sSvC SPECIFIC THERMAL ‘ r
RANGE :
NO. LB/HP-HR GAL/HP-HR HP-HR/GAL EFF. :
‘.ﬁ#‘.tt‘.t.."t..t"t‘.#‘t‘*.t.#t...tt."..‘...t.“."tt‘t. i
100 = §.26 = 467 ¢ 0660 » 1%5.160 = 29.2 '
100 = .22 » 474 = 0670 + 14,933 =+ 28.8
100 » S.21 = 482 0681 ¢ 14,682 + 28.3
100 =» .21 » . 482 = L0601 =+ 14,682 =+ 28.3 .
100 =» $.24 » 459 =» 0649 =+ 15,413 ¢ 29.7 :
100 = .24 = 466 » 0659 + 15,180 = 29.2
100 » S 1S5S =» .422 = .0673 = 14,8685 =+ 28.9
100 = $.13 = . 497 » L0693 =+ 14,434 » 27.4
100 » S.11 =» 490 o L0693 » 14,440 e 27.9
100 = .06 = 497 = L0703 » 14,232 ¢ 27.4
100 = §.15 » 4?72 = L0667 =+ 15.002 < 28.9
100 = .18 » . 468 = L0656 » 185,232 & 29.2
100 = S. 18 =» 4681 o 0682 » 14.671 + 28.3
100 = $5.14 = 479 » L0671 = 14,909 « 28.95
100 = $.02 = .404 » L0686 = 14.5724 o 26.1
100 = 5.0 » 466 = 0686 » 14.%574 » 20.1
100 = S.07 = 479 » ,0678 » 14.818 = 28.9
100 » S.04 » . 460 =+ 0678 = 14,810 = 28.4
100 = 5,13 » ,466 » L0689 » 15,176 =» 29.2 *
100 = .13 =» ., 473 » 0669 » 14,9489 = 28.8
100 = S.1t = 461 = L0652 » 15.342 » 29.5
100 » 5.1t » 468 = 0662 + 1S5.106 » 29.1 *
100 = 5,10 =» ,469 = L0663 » 1%5.080% s 29.19
100 » .10 =+ , 469 = 0663 ¢ 15,088 =+ 29.1
100 = €.13 = . 487 * 0689 =+ 14,512 = 28.0
100 = $.13 =» . 467 = L0689 + 14,512 s+ 28.0
100 » 5.18 = . 493 = 0697 » 14.347 » 27.7
100 = S. 185 » . 486 » L0687 + 14.5%58 » 28.1
100 » 5.1 = 476 » L0673 =+ 14,867 =+ 20,6
100 » 5.18 =« . 463 = 0683 = 14.649 s 29.2
100 = $.18 » 408 = 0667 =+ 14.88%¢ » 28.1%
100 » $.15 » 479 = L0677 = 14,773 = 28.95
100 = §.20 » 480 = .06800 = 14,703 » 28.4
100 » 8.30 » 400 0600 +» 14.703 o 208.4
160 = $.20 » . 498 L0690 % 14,490 » 27.9
100 » §.20 » 488 » .0690 + 14.490 = 27.9
100 = 5.1 » 402 = L0603 » 14,6352 =+ 20.3
100 = 5.15 » .408 = L0687 + 14,3587 = 206.1

95% CONFIDENCE INTERVALS

YT YYYTR TR LIS L LT DL L L L L L 1L

= LOW =+ MEAN = HIGH = DEVX»
SR APIRNAARRESEPSEPO B NS S

5,130 »5.1581 »5,171 » .0 .
476 » 479 » ,482 » 1.3
,067 » 068 » ,068 » (.3

14.600 *14.70 »14.8060 » 1.3

26.291 »20.4?7 »20 .66 » 1.3

o i AS M

I
z



PROJECT NO. 05-5857-139

CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS

FUEL BLEND: 84X AL-1

011S-F

10X DEIONIZ2ED H20 6X En7R

LIA T LI AA AL E LTI LR LR YT DL AT IR AT i L Y]]

FUEL BHP B8SFC 8SVC SPECIFIC THERMAL
RANCE
NO. LB/HP-HR GAL /HP-HR HP-HR/GAL €FF.
LT T L L T N T TP TP T YT
102 o S.1S e 360 = 0768 ¢ 13,026 =~» 20.9
102 » 3.18 = .563 =+ 0778 = 12,861 s 28.3
102 S.1S = 560 0767 = 13.030 » 28.4
102 = S.18S = 560 =+ 07268 » 13.026 =+ 26.8%
102 » 5.15 = 561 = 0768 =+ 13.026 = 208.4
102 » 5.1 = 561 = 0768 e+ 13.026 = 20.4
102 ~ S.18 o .356 =» 0763 + 13.114 = 28.7
102 = S.18 = 588§ = .0763 = 13.114 = 28.7
102 » S$.18 = 554 » 0763 =« 13.114 =+ 23.8
102 = S.18 = 583 = 0763 » 13.114 « 28.8
102 « 5.18 » 355 - 0763 = 13,110 « 28.7
102 -~ S.16 » .53 = L0763 =+ 13.110 = 28.7

o~

Y

p e ——

FUEL BLEND: 99% JP-10 AL-9220-F

LLL LI P TELE LA LRI IL YIS E Rl ] L)

FUEL
NO.
1119

BHP 8SFC 8svce SPECIFIC THERMAL
RANGE
LB/HP-HR GAL/HP-HR HP-HR/GAL EFF.
(JI LI AL EL L ETIR LA E LA LI L PR TRl ELE L LYt TPl Y R R YY)
$.09 » 801 o 0644 +» 185,528 o 27.8
.13 = 498 o L0631 » 15,836 = 27.9
$.13 = 496 » 0631 « 185,837 = 27.8
S.11 = 499 o 0642 =+ 185,866 & 27.7
.13 =» 497 = 0631 e 1%5.837 + 27.8
$.13 » .502 » 0642 » 15.%986 < 27.S5

1"
1"
1
1A
1

*

L3 BN 3K BN J

99X CONFIDENCE INTERVALS

(AT L P T I LTI T Rl ]

* MEAN *= HIGH « DEVZ»
LTI T DL P PR P TR Y PPy T

» LOW

S 195 #5,165 5,178 »

5356 = -
076 » »
13.013 »13.06 «13.10 =
»

.388 »
077 »

.560
. 07?7

26,460 »28.58 +28.69

PROJECT NO. 05-59857-130

NN

CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS

98X CONFIDENCE INTERVALS

PRENBNEE S PSPPI OSSR PN SO DD

» MERN » HIGH » DEVXe

(AL L LAl LR L LI LSl LYY}

$.102 #5,116 »3.129 »

» LOV

496 »

. 06

15.579 «15.,76 «15.82
27 .568 #27.69 #27.82

. 490 »

3 ¢ .064 »

%11}
. 064

L 3R 2R 2R J

- o
vcaron

1% AMYL NITRATE

-
E ]
%
%

B | SN PR

b
¥
v

L
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PROJECT NO. 05-5857-130
CORRECTED PETTER ENGINE DATR FOR FUEL BLENDS
FUEL BLEND: 90.99% DF-2 AL=9979-F 3,01X PHENANTHRENE

PSR E SR SE P BEBNS RS SR E RSV ESR SRS RSP OB R IRERE SR B BB kBB

FUEL BHP BSFC BsvC SPECIFIC THERMAL
RANGE
NO. LB/HP-HR  GAL/HP-HR HP-HR/GAL EFF.

(1T 1T LI I Il LA AL LI LI Y LISl Pl LIl Yy LYy

113 o §.27 e 492 0679 » 14.710 + 29.2
113 » $5.285 » 492 . 0679 =+ 14.718 » 28,2
113 = $.26 =« 403 0670 » 14.915 » 20.7
113 o 5.26 w» 404 = 0672 + 14.092 =» 28.6
113 =» .24 = 487 = 0672 * 14,892 e 298.S
113 = $.23 » 401 o 0672 =+ 14,892 « 28.6

994 COMFIDENCE INTERVALS
[ JIZ TET3I P f 3 I I T3 YT DTy 1)
* LOW =+ MEAN = HIGH = DEVXws
SO PR RS PP S NSO RPROENREGEB RN
F.248 »5.,288 +5.265S «

483 » ,486 = .490 »

067 « 067 » ,068 »
14,762 =14 .84 ¢14,91 »
26 .203 +20.50 #20.71 =

- b wd wb
wooua

PROJECT NO. 05-56857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 80.58% DF=-2 AL=-9979-F 19.42% NAPTHALENE

SN SS MR YRS SRS SRS S SR G PR ERB S Sk 0 5 05 o o 2 o sl s o e ok ko g b ek

FUEL BHP BSFC BsvC SPECIFIC THERMAL
RANGE
NO. LB/HP-HR  GAL/HP-HR HP-HR/GAL EFF.

LA LI L R LTI IS T LI I I It LSRRl e yy

142 » S.10 » 1t = 0703 » 14,219 w 27.4
112 = S.11 = 489 = 0671 * 14,893 + 28.6
112 = .18 = 4903 = 0660 + 15.150 = 23.0
112 » S.21 » . 538 » .0736 = 13.%578 » 26.2
112 » $.21 = 479 = 0686 =+ {15,2%0 = 29.2
112 » S.22 » 407 = 0667 o+ 14,997 = 28.9
112 = $5.09 = 490 » 0675 e+ 14,823 + 28.6
112 » $.09 = 492 =+ 0664 =+ 15,0851 w» 29.1
112 » S.10 » .483 ¢ 0662 =+ 185,10t » 29.0

95X CONFIDENCE INTERVALS
(A2 T I IR PT I PR TR ] ¢ 4]
* LOW « MEAN = HIGH = DEVXe
(LI AT TP TITTY Y AT Y T YT Y T Y]
S.100 #5.146 +5,10% « 1.5

481 » 493 » 505 »

.066 » ,068 = ,069 »
14,423 »14.70 »18.1S »
27.789 20,485 29,11 »

o

o)

EERPER T-TRrggpravr e

et Eamy . it et OO
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PRQJECT NO, 05-5857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: SOX CAT 1-H AL-1011S~F S0X RJISC AL-~-?189-F

LILIT T ALY DI DI TR LI LI YL R It YTy 1)

FUEL 8NP B8SFC 8s8vC SPECIFIC THERMNAL
RANGE
NO, LB/HP~HR GAL/HP-HR HP-HR/GAL EFF.
P2 LI TITE T I YT YT DRI I TR Y I I IR T I YIS I T VY Y 1%
114 $.26 = 491 ¢ 0609 e+ 16.433 < 20.2
ti4 » $.27 o 498 » 0598 + {16.713 « 2.3
14 = $.272 = 485 o 0598 ¢ 16,713 = 28.%5
114 $.27 » 484 = 0998 =+ 16,7213 « 28.6
114 » $.29 = 47?7 * 0887 e 17,028 = 29.0
144 » $.28 =» A?? = 0587 « 17,020 =« 29.0

95X CONFIDENCE INTERVALS

LI L LI AL LTI AL TR LTl L]

» LOU o MEAN = HIGH = DEYXe
LT PR P T T T PR YT T P

$.269 »5.278 +5.2086 » .3
479 & 483 = ,487 * 1.8
1059 » 060 = .060 » 2.2

16,3596 »16.77 +16.96 » 2.2
20.369 +26.63 »20.89 » | .8

PROJECT NO. 05-5057-130
CORRECTED PETTER ENGIHE DATA FOR FUEL BLENDS
FUEL BLENMD: 752 TETRALIN 24% AL-10115-F X AMYL NITRATE

LIL LIS AL LRI LI LI I LI I I I LTI LYY LI LIl Il L]}

FUEL BHP 88FC esveC SPECIFIC THERMAL
RANGE
NO. LB/HP-HR  GAL/HP-HR HP-HR/GAL EFF.

LA RS IEEII R I LA LTI YT Y I T T Y RISl L R L Ly ]t

118 = $.23 = 486 = 0618 =+ 16.173 » 29.4
115 » S.23 » 498 = 0618 = 16,173 » 29.5%
11S » 5.23 » 484 » L0619 « 146,163 » 29.5
115 o $.23 o 404 ® 0619 & 16,163 = 29.5
1185 » .23 =» 484 » 0619 =+ 16,163 + 29.%5
118 = .22 = 498 = 0620 » 16.136 » 29.5%

95% COMFIDENCE INTERVALS
(XX TP I YT TPy iy rry
w LOY =+ MEAN » HIGH * DEVX«
I A I Z I T LI T T YT LT LY )

$.221 5,223 5,229 + .2

404 » 404 = 498 » 2

062 » . 062 » ,062 = .1
16,190 »16 .16 «16.17 =
29.459 29,49 29,52 « .2

S et e 5k o s SR

e T L D L



PROJECT NHO. 05-5857-130
CORRECTED PETTER ENCINE DATA FOR FUEL BLENDS

FUEL BLEND: 72X JP-10 235X NAPTHALEHE 3% AMYL NITRATE

oo ol ol o o ade of adu o o 3 o ot o e ada ol o o o e 000 0 200 o 0 A R s o e o o O R o e ol o ol o ol ol vl e o e o ook e W

FUEL BHP 8SFC esve SPECIFIC THERMAL
RANGE
NO. LB/HP-HR GAL/HP-HR HP-HR/CAL EFF.
s oo o ol o ol e on oo on ou o o i e ol as e o0 VD R 4 2 o S o o om0k ok 0 ok o e g o e e e ok o o ol ady e wn ol W ule A o o ol oo ol oo e i
116 » S.12 » 514 = 0640 » 15,617 =» 28,2
116 » $.12 =» 494 = 0620 + 16.129 = 29.4
116 » .12 = 528 = 086t = 15,136 = 27.9%
116 = 3.12 = .52% = L0661 + 185,136 =» 27.6
116 = .12 = . 528 = 0661 » 1S5,136 =» 2?7.5
116 = .1y = 532 = L0671 * 14,894 =« 27.3

93X CONFIDENCE INTERVALS
TP PP P TP Y PP EY Y TP

» LOW = NEAN = HIGH » DEVXe

LA XA L T LIEL L LYY LY L L ]

S. 115 5. 118 5,115 » 0,0
509 & 520 » .532 = 4.4
064 » 065 » . 067 = 4.7

14.972 =15.34 »15.71 » 4.8

27.292 #27.93 #28.57 » 4.6

PROJECT NO. 05-59857-13¢
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 63% FRF(#102> 3?2 RJISC AL-?7159-F

SOROOAVDINSRESEE R B ER R RS S B RNGP NSRS NN SR ER RS RGP RSN RS NG RGeS

FUEL BHP 8sFC esveC SPECIFIC THERMAL
RANGE
NO. LB/HP-HR GAL/HP-HR HP-HR/GAL EFF.

(XL IS LI P DL L LI LI A LT PR YLl PSPPI I Tt YY )

118 = $3.29 = 542 = 0681 = 14,674 = 27.8
118 » $.29 » 837 » L0671 & 14.893 « 26.1
118 » $§.29 » 542 » L0681 + 14,674 » 27.8
118 = $.20 = .S38 o 0672 + 14.883 +» 20.1
118 » 5.28 » /333 = 0672 » 14,883 » 28.4
118 = $.26 « .8386 » 0672 » 14.883 » 28.1

98X CONFIDENCE INTERVALS
[P TRLTYERTITIIIS IS YY1 2 1T T 8 7 1)
« LOY =+ MEAN + HIGH = DEVX»
I ETT LTI L IR I LI I Py Y]
3.207 +5.287 +3.207 » 0.0

S35 » 530 « . S41 » 1.1

067 = .068 » 068
14.726 #14,.01 %14,90 »
27.999 #26.03 »20.21 »

-NN

1.,
1.
‘ .
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PROJECT HO. 05-3857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLEHDS
FURL BLEND: SOX FRF(®102> SO0X JP-10
SASLENEP PR PV NGB E S LB RD S L PO RSV U BRIV BN E SRR PSR G R SO RIS SR O
FUEL oHP 8SFC 8svcC SPECIFIC THERMAL
RANGE
NO. LB/HP-HR GAL/MP~HR HP=-HRrGAL EFF.
(I3l T Il T I TP YT YRR I P I3y Y Y Y T PY Y I T YT Y YY)
120 =» $.30 = 513 o 0680 » 14,703 + 38,8
120 o $.20 » 3523 » 0680 » 14,703 « 28,2
120 » $.30 = S13 .0680 = 14,703 =+ 28.8
120 = $.30 = .53 = 0680 » 14,703 <+ 20.8
120 = $5.30 = S13 = 0680 + 14.703 =+ 28.8
120 = $.20 = 8523 » L0600 » 14,7203 » 26.2
98X CONFIDENCE INTERVALS
LI LTIt I ATl T R Y) 1 ¥ )
o LOW =+ NEAN » HIGH » DEVXe
PRSPPI PR B P NP OO DS
$.223 +5.266 »3.308 « 1.6
512 » 516 = ,%521 » (.6
068 = 068 + ,068 » 1
14.703 »14.7) ¢14,.70 » 0.0
28.374 »29.61 «28.84 = {.6
. PROJECT NO. 05-508%7-130

CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 85.6% FRF-A 14.4% NAPTHALENE

LA AT LI LI TR LI ALl YIRS I YT T Y]

FUEL BHP BSFC 8svC SPECIFIC THERMAL
RANGE
NO. LB/HP-KHR GAL/HP-HR HP-HR/CAL EFF.,

(AL LI XL R T LI AP LI PP IIPIEI S PRI DL P Py Ty Y Y T

123 » 5.185 = 360 = 0787 » 13.202 <+ 28.4
123 = S.183 » .3%58 =« 0747 = 13,380 <+ 28.%
123 =» §$.17 = 398 = 0788 + 13,249 + 28.9%
123 =» S.18 = 854 = L0747 « 13,380 » 298.6
123 » .18 = 554 = 0747 = 13,380 « 28.6
123 » $S.183 » 8560 » 0787 =+ 13,202 + 28.4

95X CONFIDENCE INTERVALS
(L FIT IR IR LY A LT PY 1 1 3% )
* LOY + MEAN # HICH * DEVXe
(I 23T YT 2 I11T R TTIYYLYE 1 1 1°7 Y
S.146 +5.132 »8,185? »

888 » 8957 » ,859

078 & 078 « ,076
13,228 »12,30 »13.3?
28.407 28,90 »206.60

- -
N=e=un

LR B AR J

BaLves

]
a
';

At




PROJECT NO. 05-5857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: JET-A AL-10112-F

o0 o ol 2 ol ol afs e ads o o0 e of ol o 0w ol ol ol 300 0 000 e ol 0l o o o e ol ok e o adp ol o o o o e e ol e a0 ol e o e R e e o ol e o s ok ok ok

FUEL BHP 8SFC Bsvce SPECIFIC THERMAL
RANGE
NO ., LB/HP-HR GAL/HP-HR HP-HR/GAL EFF.
ot e 30x o agn 20 o ofn o ofh o0 e o o o 4 ok o e afs 3 e 540 o o 2 sl e 2e ok o0 o sds o ol o o o o afe 2 o o aje 20k ol ads ol M O o 3 o 3R o e R R
200 = 5.2 = 465 = 0659 = 14,307 = 29.0
200 » .21 = 466 = L0699 = 14,307 = 28.9
200 = .21 =» 467 = L0699 = 14,312 * 28.9
200 = S.21 = 468 = 0689 # 14,520 = 29.0
200 = §.21 = 464 * v 0683 * 14,524 » 29,1
200 = $.21 = 464 = L0689 = 14,524 = 29,1
200 » .17 = . 467 = 0694 = 14,406 » 28.9
200 » 5.1 =» 468 = 0697 = 14,357 = 2.8
200 = §.17 = L 467 = . 0694 =+ 14,406 =» 28.9
200 = S5 =» 468 = 0697 = 14,357 = 28.8
200 = S 1S +«* . 468 = 0697 * 14,357 = 28.8
200 = $.15 = 477 = L0717 » 13.952 » 28.2

95% CONFIDENCE INTERVALS
o ol ogn o ade o 1 2 0n o0 s o 3 0y 30n e o o s e ofe 5 o o e e e o
# LOW = MEAN = HIGH » DEVx
ofe ot oo e ol wfn sfe ol e sl fn e ol o oo o mn ofm ol o0 oe 0 o 2 sle e e oh
S.16?7 %5,183 +5.200 = .6 '
465 » 467 = 469
. 069 » 070 = ,070
14,273 #14.36 %14.45
28.724 »28.85 %28,97

e atice sl

* & ¥+ ¥
A VI VI

-

P-10

~ T e e s e L i e e = e b £




L. E - -

it i S 3. HEBAL P

Y




T N P T

#
,,

e B Y M N T e Ty e

[ Ll deail, © (T TR

OZHC(IQ)> XS &MY %S B6-Y3 XLS'E HI-1¥) %S 98
INITUHLAYN X0Z O1L-dr X086

CIQ)0CH %S S-M¥ %S 8.-¥3 %9 4-Si101-T %v8o
84%3 #Z9 024 Q3ZINOIIQ X0V dJ-Sii61-Tv Z¥B
JIVYLIN VANV ZE Y-2926-9 NITWILIL X26

H9-rY

. Hi-10J X041 710 43IN¥NG S& %06

JIVYLIN TANY 24 HI-1¥3 201 10 ¥INNNG 98 %68
JIVYLIN TAWY X1 0i-df X0Z 10 ¥3INNNG 90 X62
0i-df X0Z IO 43NNNA S# 208

J3LvA XS S-rY X0t B2-93 uS'E 2-4Q XIS
JAIVYLIN ARY %t HI-LYT 761 NIATWHLIL X008
Hi-1¥) %96 3INITWHLHIUN XS}

Y431UMA 201 S-rY XS B82-¥3 %9 2-3Q %62

BT P TR IR VA Yy

e & & =

CINN~=NNNNMNN

-

* <
]

MANNOVDDOITMANNe —D

8'01-

TL St
ivr: 9t
00°'Si
v £l
0S° 91
Si°i
29°S1
S1°91
S0 "9
1¥°S)H
29°vi
26° &1
9£°'Si
L9° g

(1
144
951
201
Ay
Zol
891
021
691
2914
0S|
s}
921
144

OR0GRNRRRGUDIRNNNNRNORNARBNNENONNEREORAGAO0RRRRARARNEORAGDAGNGERADEINEENNSS

L NOTLdI¥IE3Q 13nd

3NIT3SUY8 WOoNd %

3ONYY J14103dS

ON 304 @

CORENORORRNRRINRINNRRRRNNRNRONEC RN LRI RERRERNRRERORRREL ARG DR 0R00 00

—_

e %

T

M2 2t s




gt s A S

PROJECT NO. 05-5837-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS

FUEL BLEND: CAY 1-H AL-1011S~F :
..l“.i.‘..““.‘.#“.*tt..i“'...*‘t.‘**tt.#‘**#‘#w FERTET L]
FUEL BHP BsSFC 8sve SPECIFIC THERMAL N
RANGE
NO. LB/7HP-HR GAL/HP-HR HP-HR/GAL EFF.
.i.....‘."t‘."“*#.ttlt‘t.t.“ﬁ#...‘.tt.“.#tt.‘.‘tttt##-lnt
100 = .30 = 448 L0634 =« 185,779 = 30.4
100 = .30 = 452 » .0640 & 15.633 » 30.1
100 » €31 = 452 * 0639 » 13.637 =+ 30.1
100 =» .31 = 4851 = L0639 » 15.6%7 =+ 30.2
100 = .31 » 4%2 = 0639 » 18.657 = 30.1
100 = 5.30 = 480 = L0637 =+ 1%.706 =« 30.3
|00 > 5.23 L 0469 - t°66‘ - '50‘25 » 29-‘
100 = §.2¢ = 465 = L0687 = 15.217 = 29.3 i<
100 = $.21 » 469 w» .0662 = 15.102 = 29,9 "
100 = 5.2 = 470 = L0663 = 15,080 = 29.0 ¥
100 =» 5.2% = 439 = L0620 = 16.134 « 31,1 §
100 = $.22 » 477 = L0674 = 14.829 = 28.6 4
100 = $.22 » 463 » L0684 = 15.283 = 29.4 3
100 » §.22 = ., 4855 =» L0644 * 15,522 » 29.9 {
100 = 5.2 » 456 = L0645 * 15.490 = 29.9 ,
100 = §.24 o L, 450 = L0638 = 1%5.740 = 30.3 i
100 = §.25 « ,453 = ,0640 * 15,619 = 30,1 :
100 = .22 = 477 = L0673 » 14.862 =» 28,6
100 = $.21 = .467 = L0689 = 15,178 =» 29.2 v
100 » 5,29 = 462 =» L0652 *= 15.326 =* 29.5
100 = 5.26 = L4586 » L0645 » 15.5:9 = 29.9
100 = $,.33 = 448 = L0633 » 15.796 = 30.4 .
100 =» $.32 = , 448 = L0633 » 15.796 = 30.4
100 » $§.23 = 463 = L0654 * 15,281 = 29.%
100 = .23 » 459 =» L0647 = 15,446 = 29.7 !
100 = 5,28 = 462 = 0652 = 15,334 » 29.5 L
100 » 5,24 » 464 » L0685 * 15.264 » 29.4 :
100 » 5,22 » .480 L0678 * 14,750 =» 206.4 -
100 = 5.23 » 471 = L0666 = 15,015 » 28.9 ¢
100 = §.20 = 472 « 0668 = 14.980 & 28.9
100 » .21 » A1 = L0667 = 15,002 =» 28.9 1
100 = 5,17 = 475 » L0621 + 14,900 = 28,7
100 = §.17 = 470 » L0665 + 15,035 » 29,0
{00 = .13 = . 460 » L0680 =+ 15.383 «» 29.6
100 = 5,19 = , 457 = L0645 = 15,499 = 29.8
100 » 5.2 » 458 » L0647 + 15.4%1 = 29.9
100 =» .23 =» 487 = L0646 = 15,483 = 29.8
100 = 5,23 » 457 = ,0645 += 15,507 =» 29.8
100 =» S.17 = 469 = L0662 + 1S5.104 = 29.9
100 = S.14 » 459 » ,0648 = 15,431 =+ 29.7 )
100 = S.17 = , 467 L0659 » 1S5.182 = 29.2 I
100 = .19 » L4857 » .0646 * 15,489 = 29.9 .
100 » S.12 = 473 = L0671 * 14,898 = 28.7 %
100 = 5,12 469 = L0662 = 15.1085 = 29.1 |
100 » 5,10 469 = L0661 * 15,119 = 29,1 .
100 » S.11 = . 466 = 0659 1$.166 » 29.2
100 = .12 » 475 = L0671 = 14,898 = 20.7
100 » 5.12 469 » L0662 + 1%.108 « 29,19
100 » 5.10 = 469 = L066Y + 15,119 = 29.1

G-4 i

e e Y




100 o S.tt - 466 o L0659 o 15,166 e« 29.2

98X CONFIDEMNCE INTERVALS
. 2000806002000 R RGOV P R IR SR ES
e LOV + MEAN ¢ MIGH « DEVXe
999000000000 0000 S0P ROV S
S.194 5,211 »$.220 ¢ .7
460 & 462 o . 4¢S o
068 ¢ 065 & . 066 @
[
L ]

s
?

15.229 +185.32 «18.40
29.32¢ *29.49 29.66

L)
ot
1.1
LS |
PROJECT NO. 03-3087-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 04X AL-1011S-F 10X DEIOHIZED HR0 66X EA76

P93 908 02002 E000000 4000000 PO REVEVOVORLOR VPP PSRV B SO OSD

FUEL BHP 8SFC 88ve SPECIFIC  THERMAL
RANGE
NO. LBZ7HP-HR  GAL/HP-HR  HP-HR/GAL EFF.
T I L L T T Y T P T L T T PP R PR P DL AT P PP P T Y 2
163 S.19 834 o L0732 » 13.66S e+ 29.9
102 3.19 o 540 o L0781 e 13,32t e 29.1
102 $.23 = SS1 e 0736 e« 13.333 e 290.9

95X CONFIDENCE INTERVALS

T ST LY P T P TP P LT L e P Y
e LOW = NEAN *= NIGM = DEVXe
. T T T T P T TP P P P T YL P P Y

S.179 o5,206 3,233 » 1.0
S34 » 8544 ¢+ .854 ¢ 3.9
L0723 » 0?78 & ,076 = 3.9

13.143 »13.4t ¢§3.6? » 3.9

28.739 #29.31 29,07 < 3.9

PROJECT NO. 05-5857-130
CORRECTED PETTER ENGINE OATA FOR FUEL BLENDS !
FUEL PLEND: 97X TETRALIN AL-9762-A 3% ANYL NITRATE

PrvereerreeTYPITTITIT TP ITTTTIL I YL LTI LR R DAL R L A LI DRl L]

FUEL BHP 8SFC asve SPECIFIC  THERMAL
RANGE
NO. LB/HP-HR  GAL/HP-HR  HP-HR/GAL EFF. '
.‘....ﬂ‘.‘.“..“ﬁ#......“"‘t.l‘...“.‘.‘.......‘...“i.‘.

117 » 8.26 = 494 *  .0608 o 16.446 & 29.7 !
117 = $.26 » ,492 + 0608 e 16.827 + 29.9 !
117 » $.26 » . 487 o 0899 + 16.692 =+ 30.1 !
117 o §.25 = 496 » .0610 =+ 16.392 =» 29.6 ‘
117 = .24 » 497 = .0611 + 16.368 e 29.%
117 = .26 491 + 0604 + 16.554 + 29.9

. 95% CONFIDENCE INTERVALS

PPTTTTITT P ITYPY PY PL S PIT L L 2 2
s LOU =» MEAN + HIGH » DEVXe

. Y I I T T TT Y VYT LY S Y

5.244 +5.250 «5.287 » .3

489 * 492 & 495

. 060 & 061 = .061

16.397 »16.50 «16.9%9

29.569 »29.78 29,93

[ 3K 2R 2R J

MmN N

G-5
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PPOJECT HO. 05-35857-130
CORRECTED PETTER ENCINE DATA FOR FUEL BLENDS
FUEL BLEND: ?9% DF-2 6% EA-78 SX RJ=-S 10X WATER

‘.i“‘.‘i..‘..‘.‘t“tt‘tﬁ*‘#‘*“"*.t#**.‘*.t‘.Q**‘#.Q‘#&t‘#

FUEL BMP BSFC BSvC SPECIFIC THERNMAL
RANGE

NO. LB/HP-HR GAL/HP-HR MP-HR/GAL EFF.
il#“‘t‘.‘i*.“'*‘t‘###*##‘t***t*l*ﬁt“*...-*".i.#“t***‘*‘

144 » 5.26 = 543 = .0732 » 13,670 = 29.0

144 = §.23 = 547 = L0736 = 13.578 = 28.6

144 » $.25 » 542 L0730 » 13,708 = 29.1

144 = S.24 » .S41 L0729 + 13,726 + 29.1

95% CONFIDENCE INTERVALS
*‘t‘t'#.t#‘#ttt*.ttttt-‘.*tt
s LOW * MEAN » HIGH » DEVie
‘t#.tt##0&4‘.““#‘.‘."‘#*‘

5,234 »5,247 »5.260

. 540 = .543 » .546

L0733 » 073 » .974
13.605 »13.67 +13.74
26.861 *29.00 +29.14

s EIE

oo WV

1.
1.
1.
1.

PROJECT NO. 05-5857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 86.%5% CAT-1H 3.3% Er-8 s% RJS S% (DIOXH20

‘*'t*'*.*‘#‘**‘**‘**‘*****#.it*#**ﬁt*‘#**‘******‘#*#*****“*

FUEL BHP 8SFC 8sveC SPECIFIC THERNMAL
RANGE
NO . LB/HP-HR GAL/HP-HR HF -HR/GAL EFF.

**“““‘#*0'**##*ttﬁ**‘#“‘*‘t“**“*‘#’*##*‘“**.‘#'#t**ﬂt

149 » S.2¢4 + 471 = L0643 » 15.5%4 < 3t.1
149 # 5,24 » 466 w 0635 = 15.749 = 341.5
149 = .23 = 466 = 0636 + 15.724 » 31.5
149 » 5.2¢4 » ,466 » L0638 * 15.749 = 31.3
149 w S.24 = 464 = L0633 * 15.799 = 1.7
149 » 5,24 , 465 = .0634 » 15,774 = 3.6

9822 CONFIDENCE INTERVALS
#**.*#tt#tt‘t#‘****wt‘tt.*t.
* LOW « MEAN = HIGH » DEVY»
##ti“tt#t-“#*##*t**wt*#***

5,231 +5.235 »5.240 » .2

464 + 466 + . 468 » 1.0

L063 = ,064 = 964 » .9
15.6%3 #15.72 15,80 » .9
31.334 +31.49 #31.64 * 1.0

G-6

———— A




TSI Ay R Ty o MRS v Y T N ST P T T Ty

mnw A 4 s e

- I
¥ CE A TEEATIE £ ST D vl e AR A « . Ses fn kb e apsmman n s/ e et g o aieiasff B, TERSTNLT T 2T a—cgte

PROJECT NO., 05-58S57-130
. CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 81X DF-2 3.5% EA-78 10X RJ-S SX UATER

- T T T T T P T P TP P T P R T T L TR L
FUEL BHP BSFC 8svyC SPECIFIC THERMAL
RANGE

NO. LB/HP-HR  GAL/HP-HR  HP-HR/GAL EFF,
0o 0 0 0o 0 e oo b o 0 ol o o o o o o o oo o o o o

150 = S.20 = 506 = 0680 = 14,702 = 29.0

1530 = $5.20 = 507 = 0682 » 14.656 = 29.0

150 = 5.19 = 568 = 0683 = 14.637 =+ 28.9

95X CONFIDENCE INTERVYALS

00 0l o e o o o o o o o o o o
= L0 » NEAN *» HIGH # DEVIe
0 oo o o oo o o o o e o
5.186 »5,192 5,199 » .2

.506 » ,507 » ,509 » .4
.068 » 068 » ,068 » .5
14,627 14,67 %14.70 » .S
28.919 »28.98 »29,05 = .4

PROJECT NO. 05-5857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS

FUEL DLEND: 84% AL-10115-F 6% EA-78 S% RJ-S S% H20¢01) é
g o o o 3 o v 00 ofs e ofs o ot o s e e ot ols ol ol ol e o 3 o e ' ofs ol sl 3 2l afe ol 2l o e o e afs afe ol s 30u 3 e 2t o e afe ok ok o E
FUEL BHP BSFC( 8SvC SPECIFIC  THERMAL é
RANGE
NO. LB/HP-HR  GAL/HP-HR  HP-HR/CAL EFF, E
63 30 o 0 e e 2n 2l fn s s s o ol 80 300 o ox ol i s ols e o e ofs S 2l ol ol 30k 58 000 30 0t o0 9 St o 3 o ol ot o 00 ol o 3n ot A R o o o o ok o R R
156 = $.31 489 = 0670 =»= 14,931 =+ 30.4
156 = 5.30 » 488 =  , 0668 + 14.97%5 = 30.5
1856 = $,32 = 405 = L0664 = 15,064 =+ 30.7 i
156 5,31 * .486 » L0666 » 1%,019 =+ 30.6 :
156 =» 5.31 = .486 =» L0666 = 15.019 = 30.6 !
156 = $.30 » 487 *  ,0667 + 14.997 = 30.9

98% CONFIDENHCE INTERVALS

(I IIT P TE PP LI L LY L L LY )

. * LOV = MEAN = HIGH » DEVZ»
Dhhhbrhk b thhp b b b P rhy h b ph

5.306 5,311 S, 317 » .2

s 486 + 467 + ,480 + .8
067 « ,067 » .067? +« .S

14,964 «15,00 »15.04 » .S

30.472 +30,55 30,62 » .5
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PROJECT NO. 05-3857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND) 80X JP-10 20X NAPTHALEHNE

30 30 e o o a4 a0 o o ol 00 s o 0 00 200 9 0 0 00 0 e 0 o0 0l o 0 o M o ol s e e e o o o o ol e o ode e o ol ek s b

FUEL BHP BSFC esvC SPECIFIC THERNAL '
RANGE
NO. LB/ZHP-HR  GAL/HP-HR  HP-HR/GAL EFF.
TP PP R T PR T T T T P T T D T T P T e
164 = $.20 » .4685 » 0610 + 16.330 = 29.4
164 = S5.21 =» 482 » 0607 = 16.471 = 29,6
164 = 53,19 » 482 = 0607 « 16.471 = 29,6
164 = 3.19 = 487 0607 + 16.47Y =+ 29.6
164 =» S.147 = 478 = 0602 = 16.609 » 29.9 .
164 = $.16 =» 496 = . 0624 + 16.020 = 28.8 i

98% CONFIDENCE INTERVALS

Bl o o 30 0 o o 2o o o o o o 2 o o o o o

* LOYW » MEAN = HIGH = DEVYs

ol als v oo o o i ot ok o o ofs ol ot o ol ot o o o u o0 A o0 R ot o o
$.175 5,190 «5.205 » .¢

480 * ,484 = ,489 » 2.0
060 » 061 » ,062 » 2.0
16,241 »16.41 %16.37 » 2.0
29.200 #29.49 »29.78 = 1.9

PROJECT NO. 05-5857-130

Do ittt i it i ames TN i AL

CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS

O

-

FUEL BLEND: 80X #5 BURNER OIL 20X JP-10

*“.t...‘.Ot“t‘it‘*‘t*tﬁittﬁ*ﬁ‘*****!t*****w‘#tt*****t*#***

| FUEL BHP 8SFC BsVC SPECIFIC  THERMAL i
; RANGE "
NO. LB/HP-HR GAL/HP<-HR HP~-HR/GAL EFF.
...‘.‘.*'.““"“**‘**ﬁ“..t**‘*‘*‘*‘*‘****‘********‘******
167 =» 85.16 = 803 +» 0684 = 15,286 » 28.4
167 = 5.23 .S00 *» ,0650 * 15.380 = 28.5
167 « 5.23 499 & ,0649 + 15.403 s 28.6 i
167 = $.20 = 499 + 0647 + 15.4%51 s 28.6 ;
| 167 = 5,21 = 497 0646 s 1S5.475 » 28.7 5
. 167 = 5.19 497 « 0646 + 15.478 s 23.7 A

95% CONFIDENCE INTERVALS
***‘.“*“““.‘.‘**‘..‘.*‘.
* LOW = MEAN » HIGH » DEVYs ) !
“““‘.“.‘.“.'.‘.‘*.‘.“‘
$.196 +5.200 #5.229 » g
497 * 499 » 500 =
065 * 068 » ,06% »
»
L 3

e Ay = e e e

15,352 »1S.41 »18.47
20,482 +28.%59 +28.69

ND®

G~§




PROJECT NO. 05-585°7-130

CORRECTED PETTER ENGINE DATA FOR FUEL éLENOS

FUEL BLEND: 90X #S BURNER OIL 10X CAT-1H

ol ol e o o 3 o s s o o o o o o o s ol ol ol o o ol v xn o0 s e e o ol 50 0w ol ol 2l ale e e sl 0 a0 sl o e e e ol e e e ol ol ol o ook

FUEL

NO.

BHP BSFC BSYC SPECIFIC THERNAL
RANGE
LB/HP-K. GAL/HP-HR HP-HR/GAL EFF.

Wb abal ol a0 3l o ol b 0 o o o o 2 o ol o o o 2 0 0 0 e e G 36 ol o ol o S o ode oo e e ol ol ol e o 30 o0 o o o 0t ol ot e e 0

168
168
168
168
168
168

L 2R K BE BE

$.17 = 495 = .064S = 15,515 = 28.4
$.18 =# 491 = 0638 » 15.662 « 28.7
$.18 = .488 = 0635 = 15,736 » 28.9
5,16 = 486 = 0634 = {15,761 = 28.9
$.18 =*» 492 = .0641 = 15,613 = 28.6
S.17 = 487 =+ .0634 = 15,761 < 28,9

95% CONFIDENCE INTERVALS
s a3 3 5 50 15 o 20 o 2p 20 3 o ol 3 3 3 o 3k 300 0 ofa o oy 9 e
“« LOW » MEAN = HIGH % DEVXe
oo i 20n ofn fr ol o 0l e o0 0 0 05 o o s 3 2t e o e o e ol o o ot oy
5.172 #5,176 +5,180

488 = .490 » ,493

063 » 064 » ,064
15.59% »15.67 «15,75
28.584 #29,73 28,88

L

& % &8
- ot e b
ocoo0ooN

PROJECT NO. 05-5857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS

FUEL BLEND: 794X #6 BURNER OIL 20X JP-10 1% AMYL NITRATE

sl sl aly o e ol 2 e 2 s e o ok sl ol o o ol o 3 ol 3fs 30 e s 10 o e 0 2 e 2 200 38 00 s 3 2 20 30 e afs o 2l o b 2l e s 2l e o ol o ol Tk

FUEL BHP 8S8FC 83ve SPECIFIC THERMAL
RANGE
NO. LB/HP-HR GAL /HP~HR HP-HR/GAL EFF.
o aln oo ol afs o afs o adn s ofn o0 ofn e s s o0t ol 3in e on oin n ale siu o Sl oln o ol s e S als sfe e ol 3 ol sl e ol ofn e S ofe o0 e e 8 3 o8 3l 2 e ol e ol
169 = $.23 » . 504 » . 0623 = 16,047 » 29,0
169 = 5.24 » 507 = 0627 * 15,945 + 28.8
169 = .23 = 8504 » 0623 + 16.047 = 29.0
169 » 8,23 = .504 = 0622 * 16,073 « 29,0
169 =» $.23 = 502 = 0621 * 16.098 » 29.1
169 = $.23 = 504 » .0622 » {6.072 « 29.0
98% CONFIDENCE INTERVALS
L2 LR IR AT T I AT IR P L YR 137
= LOW + MEAN » HIGH = DEV/w
(XL EL AT R EY PP E R Y B UE R
$.22% +35.227 +»35.229 » 1
802 « 504 » 505 « .5
062 » 062 » ,062 = .5
16,004 »16.08 »16.09 = |5 :
28.920 #29.00 +29.08 = .5 g
G-9 i
M oo %= T
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PROJECT NO. 05-5857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: ©9X% #6 BURMNER OIL 102 CAT-1H 1% AMYL NITRATE

W0 o o o ol o o o o o ol 0 o o 59 0 e o s o 00 0 b e o ot o e e e ol s o o0 e o e e e A ok K

FUEL BHP BSFC BSVC SPECIFIC THERMAL
RANGE
NO. LB/HP-HR GAL/HP-HR HP-HR/GAL EFF.
o o o 2 ofn 2 ol afe o o o ol oo ol e oo ofs oy i ofe 0 s ol ol o ol ofs afr ofs afe ol o e ol ol o xfe an o ol 30 e 30k e o o o o o o e o e o o o e i3k
120 = $.23 = 494 = 0615 » 16,2608 =+ 29,3
170 = .24 » 497 = .0618 = 16,190 =» 29,1
170 =» $.23 = 502 = .0624 =+ 16.035 =+ 28.8
170 = §.25 497 =» 0618 *» 16,190 = 29,1
170 = $.24 = 498 =» 0619 » 16.164 =« 26,4
170 = $.22 = 501 = 0624 » 16,0383 =» 28,9

95% CONFIDENCE INTERVALS
o0 ol ol ae o n sfe ale ol o S 300 500 0w ofn 30n s 2t oy e Nn ol o e o ol e e
* LOW * MEAN * HIGH * DEVX»
o o e af s 0 05 0t o0 0 0 08 o om0l afn o e o o 3 3 o o0 e o o
5.225 ¢5.233 #5.241 » .3

496 * ,498 + 501 * 1.0

062 *» ,062 » ,062 .9
16,079 »16.15 *16.22 .9
28.914 #29.05 #29.19 » 1.0

% & & &

PROJECT NG. 05-5857-130
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 80% TETRALEN 19% CAT-1H 1% AMYL NITRATE

##‘*.t‘**.*.‘t“#‘*“‘*.*‘tl*‘i‘*t‘**#‘.*#****‘ﬁ.#.**‘****#*

FUEL BHP BSFC BsvC SPECIFIC THERMAL
RANGE
NO . LB/HP-HR GAL/HP~HR HP-HR/GAL EFF.

‘..“‘*‘““.‘ﬂ“t*“**‘.““‘t‘.‘.“.t“‘t‘.“tt‘.‘*t**4"*

178 » $.21 = 4980 = 0629 » 15,8985 =+ 28.6
1785 = 3.22 » 500 o 0631 = 15,048 » 28.7
178 =» $.23 = 501 =» 0633 » 135,794 = 28.7
178 » $5.21 =» 501 = 0632 » 15,819 =« 28.7?
178 » $.20 = 488 = 0616 » 16,230 « 29.4
178 » .21 = . 488 = 0616 + 16,230 e 29.4

98X CONFIDEHCE INTERVALS
LIILI IR PR T T T T T P YT

= LOW + MEAN *+ HIGH » DEVYXe
LTI LIYTE LT L TP YT PP Py

$.204 »5.212 +5.,220 «» .3
491 » 496 + . 501 » 2.1
062 = . 063 % 063 » 2.1

13.802 #185.97 »16.14 « 2.1

20.654 +20.96 +29.26 » 2.1
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PROJECT NO. 05-5857-130 :
CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL BLEND: 15X NAPHTHALENE ©S% CAT~1H
Jo a2 o obo e ol s ot o oin ofn o o0 s ol e ol wle ofe afn ol o 30 20x 35 c 3 e ofs e o n afe o ol ofr 3 30u o ol e ok oo ok ol e e ol ol o 0 0 0 e o oot sl
FUEL BHP BSFC 8sve SPECIFIC  THERMAL
RANGE
NO. LB/HP-HR  GAL/HP-HR  HP-HR/GAL EFF.
Wl i oh ol W 2 3 s e ade afs ofs o wjn e s e ol o s wir ol ale o ol ol afn e ok als oy afe ot ol ol e o 0s e i 2t e ol o s ok b ne oft e o e o abt e 30 o
126 «  S.17 = 479 = 0656 = 15,243 = 20.8
1726 *  S.18 = 476 » 0652 * 15,338 = 28.9 k
176 » S.17 = 473+ ,0648 = 15,433 * 29,1 Z
176 «  S$.17 = 475 « 0651 =+ 15,362 + 29.0 .
176 » S48 = 474 » 0650 =+ 15,396 = 29.1 B
176 » 5,17 - 475 = . 0650 + 15,385 = 29.0 ¥

95% CONFIDENCE INTERVALS ]
150 i
* LOW = MEAN # HIGH *» DEVYa
T T T L P T

S.172 #»5. 175 »5.179 =

474 » 476 = 477

.065 = ,06S5 » .065
15.305 15,36 15,41
23.871 %28.98 =29, 08

* + & 8
NN NN -

PROJECT NO. 0S-5857-130

g=

CORRECTED PETTER ENGINE DATA FOR FUEL BLENDS
FUEL GLEND: RJ-6M

“ttttﬁtt*tt*‘t‘#t*#ﬁ**t*‘*‘*****‘*****t*****“**‘*.*‘***#‘#

T T IRIITOET x4T

FUEL BHP BSFC psvyC SPECIFIC THERMAL
RANGE
NO . LB/HP-HR GAL/HP-HR HP-HR/GAL EFF,
00 000 0 0 00 0 0 0 0o o o o 5 o o o by o s ol o s s o o e o o o0 ol o o o 0 o ol o o o o o o o o o e
192 = S, 11 488 = 0584 o 17,111 w 29.0
182 & $.1S » 483 » 0581 = 17.203 < 29,2
192 = $.13 = 487 03583 =+ 17,141 e 29,14
162 = S. 14 » .486 = . 0982 #+ 17,171 = 29,1
182 = 5,18 = 407 = 0583 + 17,143 = 29,0

93% CONFIDEMCE INTERVALS !

AL LI LTI L LY LT T Y TP Y e

* LOW = MEAN » HIGH » DEVY¥w»
LT IIE TE T L T P P e

$.120 »3.134 5,149 = .6

466 » , 487 » . 488 ¢« .4

088 = ,088 » ,053 « .4
17.123 #1218 #17.16 » .4 .
29,016 29,08 »29.14 » . 4 i
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) APPEMDIX H

NO. 1 CARBON BLACK (BAVEN 1170)
HO. 2 CARBON BLACK (SL~90)
WO. 3 CARPON BLACK (MOGUL L)
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APPENDIX H
NO.1

_ properties of Raven 1170¢%)
1 (Cities Service Co.)

Blackness Index 160

particle Diameter, n 24
(arithngtric mean)

gurface Area, sd. meters per gras 102
(by nitrogen adgorption (B.E.T.)

Absorption, oil (Venuto Method)

Fluid Paste, cc/gran 7.2
8.10/100 lb 860
Absorption, 011
stiff Paste Eandpoint, cc/gram .89
, gal./100 1b 8.3
Absorption, BDP, cc/100 grams 58
r Tiating Strength Index 102
Adsorption Index 6.0
PH 7.0
Fixed Carbon, % 99.0
Volatile matter, % 1.0
npparent Density, 1bs/cu.fte.
Povder 17
Beads 30
get Hel®) Btu/ld 13,875
Auh,(b) wt? 0.5
;
Y
’ S ——
(a) As suppliad bY panufacturer ‘ RO IS EAK-NT 716D
(b) Expotinnntnlly deternined at AFLRL " na

H-3 : !
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APPENDIX H
NO. 2 .
PROPERTIES () OF SL-90 CARBON BLACK .

(ASHLAND CHEMICAL c0.)

Heat loss (D 1509-75(P), % 0.3 3

U.S. #35 Sieve Residue (D 1514-74),% Nil ;

U.S. #325 Sieve Residue (D 1514-74,% 0.0111 |

Ash (D 1506-75),% 0.39

Toluene Discoloration (D 1618)-75) XT 93 3
lodine Adsorption (D 1510-76) ,mg/gm 24,8 g
DBP Absorption (D 2414-76), cc/100gn 57.5 i
Tint (D 3265-80),% 42.8 1

Pour Density (D 1513-74),1bs/cu.ft. 32.3 g

S' Fines (D 1508-74),% 6.4 'i

20" Pines (D 1508-74),% 8.2 :

t Pellet Hardness (D 3313-74), grems \ g
| High 33 ) :j
Avg 22 :

Low 4 é

Tint (D 3265-76) 9.0 E

E

%

%

r

]
(a) As suppliad by msnufacturer i
(b) D Numbers in parentheses are ASTM Test Methods .
|
H-4
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APPENDIX H
NO. 3

PROPRRTIES(2) OF MOGUL CARBON BLACK
(CABOT CORPORATION)

Nigrometer Index 83
Surface Area (N.S.A.), sg. meters per gram 138
Particle Sfze, milli microns 24
0il Absorption (DBS), c¢c/100 grams
Fluffy 60
Pellets 55
Tinting Strength Index 112
Volatile Content, % 5.0
Fixed Carbon, % 95.0
PH 3.4
* Toulene extract, % 0.10
. Electrical Resistivity (dry) H
: " Density, lbs/cu.ft.
! Fluffy 15
Pellets 33
Net He(®), Beu/1v 13,240
I
!
- (a) As supplied by manufacturer

(b) Experimentally determined at AFLRL
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DEPARTMENT OF DEFENSE CDR
U.S. ARMY MOBILITY RQUIPMENT
DEFENSE DOCUMENTATION CTR R&D COMMAND
CAMERON STATION 12 Attn: DRDME-GL 10
ALEXANDRIA VA 22314 FORT BELVOIR VA 22060
it DEPT OF DEFENSE CDR
ATTN: DASD(MRAL)-LM(MR DYCKMAN) 1 US ARMY MATERIRL DEVELSREADINESS
WASHINGTON DC 20301 COMMAND
ATTN: DRCLD (MR BENDER) 1
COMMANDER DRCDMR (MR GREINER) 1
DEPENSE LOGISTICS AGY DRCDMD-ST (DR HALEY) 1
ATTN DLA-SME (MRS P MCLAIN) 1 DRCQA-E 1
CAMERON STATION DRCDE~SS 1
ALEXANDRIA VA 22314 DRCIS~. (LTC CROW) 1
5001 EISENHOWER AVE
COMMANDER ALEXANDRIA VA 22333
DEFENSE FUEL SUPPLY CTR
ATTN: DFSC-T (MR. MARTIN) 1 CDR
CAMERON STA US ARMY TANK-AUTOMOTIVE CMD
ALEXANDRIA VA 22314 ATTN DRSTA-NW (TWVMO) 1 ._
DRSTA-RG (MR HAMPARIAN) 1
COMMANDER DRSTA-NS (DR PETRICK) 1 ‘j
DEFENSE GENERAL SUPPLY CTR DRSTA=G 1 :
ATTN: DGSC-SSA 1 DRSTA-M 1 i
RICHMOND VA 23297 DRSTA-CBP (MR MCCARTNEY) 1 3
WARREN MI 48090 b
4 DOD é
OFC OF SEC OF DEF DIRRCTOR g
ATTN USD (R&E) 1 US ARMY MATERIEL SYSTEMS s
- WASHINGTON, DC 20301 ANALYSIS AGENCY 4
ATTN DRXSY-CM 1 il
DOD DRXSY-$ 1 g
ATTN OASD (MRASL)-TD 1 DRXSY-L 1 E
PENTAGON, 3C841 ABERDEEN PROVING GROUND MD 21005
WASHINGTON DC 20301 4
DIRECTOR
DEFENSE ADVANCED RES PROJ AGENCY APPLIED TECHNOLOGY LAB
DEFENSE SCIENCES OFC 1 U.S. ARMY RST LAB (AVRADCOM)
: 1400 WILSON BLVD ATTN DAVDL~-ATL-ATP (MR MORROW) 1
} ARLINGTON VA 22209 DAVDL-ATL-ASV (MR CARPER) 1

] FORT EUSTIS VA 23604

DEPARTMENT OF THE ARMY
HQ, 172D INFANTRY BRIGADE (ALASKA)

H ‘ HQ, DEPT OF ARMY ATTN AFZT-DI-L
. ATTN: DALO-TSE (COL ARNAUD) 1 APZT-DI-M 1
g_ DALO-AY 1 DIRECTORATE OF INDUSTRIAL
] DALO-SMZ-E 1 OPERATIONS
DAMA-CSS-P (DR BRYANT) 1 PT RICHARDSON AK 99505
. DAMA-ARZ (DR CHURCH) 1 .
DAMA-SMZ 1

WASHINGTON DC 20310

12/81
! APLRL No. 147
Page L of 6




Cbr
US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY
ATTN STSGP-F (MR SPRIGGS)
STSGP-PR (MR MCKNIGHT),
BLDG 85-3
STSGP (COL CLIPTON)
NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070

CDR

US ARMY MATERIEL ARMAMEMT
READINESS CMD

ATTN DRSAR-LEM (MR MENKE)

ROCK ISLAND ARSENAL IL 61299

CDR

US ARMY COLD REGION TEST CENTER
ATTN STECR-TA

APO SEATTLE 98733

HQ, DEPT, OF ARMY
ATTN: DAEN-RDZ-B
WASHINGTON, DC 20310

CDR

US ARMY RES & STDZN GROUP
(EUROPE)

ATTN DRXSN-UK-RA

BOX 65

FPO NEW YORK C9510

HQ, US ARMY AVIATION R&D CMD

ATTN DRDAV-GT (MR R LEWIS)
DRDAV-D (MR CRAWFORD)
DRDAV-N (MR BORGMAN)
DRDAV-E (MR LONG)

4300 GOODFELLOW BLVD

ST LOUIS MO 63120

CDR
US ARMY FORCES COMMAND
ATTN AFLC-REG
AFLG-POP
FORT MCPHERSON GA 1303130

CDR

_US ARMY ABERDEEN PROVING GROUND
ATTN: STEAP~MT-U (MR DEAVER)
ABERDEEN PROVING GROUND MD 21005

CDR

US ARMY YUMA PROVING GROUND
ATIN STEYP-MT (MR DOERBLER)
YUMA AZ 85364

12/81
AF{.RL No. 147
page 2 of 6

[ SRSy

MICHIGAN ARMY MISSILE PLANT

OFC OF PROJ MGR, ABRAMS TANK SYS
ATTN DRCPM-GCM-S

WARREN MI 48090

MICHIGAN ARMY MISSILE PLANT
PROG MGR, FIGHTING VEHICLE SYS
ATTN DRCPM-FVS-SE

WARREN MI 48090

PROJ MGR, M60 TANK DEVELOPMENT
USMC-LNO, MAJ, VARELLA

US ARMY TANK-AUTOMOTIVE CMD (TACOM)

WARREN MI 48090

PROG MGR, M113/M113A1 FAMILY
OF VEHICLES

ATTN DRCPM-M113

WARREN MI 48090

PROJ MGR, MOBILE ELECTRIC POWER
ATTN DRCPM-MEP-TM

7500 BACKLICK ROAD

SPRINGFIELD VA 22150

OFC OF PROJ MGR, IMPROVED TOW
VEHICLE

US ARMY TANK-AUTOMOTIVE R&D CMD

ATTN DRCPM=-1ITV-T

WARREN MI 48090

CDR

US ARMY EUROPE & SEVENTH ARMY
ATTN AEAGC-FMD

APO NY 09403

PROJ MGR, PATRIOT PROJ OFC
ATTN DRCPM-MD-T-G

US ARMY DARCOM

REDSTONE ARSENAL AL 35809

CDR

THEATER ARMY MATERIAL MGMT

. CENTER (200TR)

DIRECTORATE FOR PETROL MGMT
ATTN AEAGD-MM-PT-Q (MR PINZOLA)
ZWEIBRUCKEN

APO NY 09052

CDR
US ARMY RESEARCH OFC
ATIN DRXRO-ZC
DRXRO-EG (DR SINGLETON)
DRXRO-CB (DR GHIRARDELLI)
P O BOX 12211
RSCH TRIANGLE PARK NC 27709

1

1

e
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DIR

US ARMY RAT LAB (AVRADCOM)
ATTN DAVDL-AS (MR D WILSTED)
NASA/AMBS RSCH CTR

MAIL STP 207-5

MOFFIT PIELD CA 94035

CDR

TOBYHANNA ARMY DEPOT
ATTN SDSTO-TP=S
TOBYHANNA PA 18466

DIR
US ARMY MATERIALS & MECHANICS
RSCH CTR
ATTN DRXMR-EM
DRXMR=-R
DRXMR-T
WATERTOWN MA 02172

CDR

US ARMY DEPOT SYSTEMS CMD
ATTN DRSDS

CHAMBERSBURG PA 17201

CDR

US ARMY WATERVLIET ARSENAL
+ TN SARWY-RDD

WATERVLIET NY 12189

CDR

US ARMY LEA

ATTN DALO-LEP

NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070

CDR

US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN STSGP-PW (MR PRICE)

SHARPE ARMY DEPOT

LATHROP CA 95330

cr.

U' Y FL °*7 SCIENCE & TECH
< TvF

AT LT e

PED” AT D"

CHA. ~1Tsg™ - . 22901

CDR

DARCOM MATERIEL READINESS
SUPPORT ACTIVITY (MRSA)

ATTN DRXMD-MD

LEXINGTON XY 40511

- s

HQ, US ARMY T&E COMMAND
ATTN DRSTE-TO0=0 1
ABERDEEN PROVING GROUND, MD 2100S

HQ, US ARMY ARMAMENT R&D CMD
ATTN DRDAR-LC

DRDAR~SC

DRDAR=AC

DRDAR-QA
DOVER NJ 07801

b s Pt pue

HQ, US ARMY TROOP SUPPORT &
AVIATION MATERIAL READINESS
COMMAND
ATTN DRSTS-MBG (2)
DRCPO-PDR (LTC FOSTER)
4300 GOODFELLOW BLVD
ST LOUIS MO 63120

X ]

DEPARTMENT OF THE ARMY
CONSTRUCTION ENG RSCH LAB
ATTN CERL-EM

CERL-ZT

CERL~EH 1§
P O BOX 4005
CHAMPAIGN IL 61820

—

DIR

US ARMY ARMAMENT R&D CMD

BALLISTIC RESEARCH LAB

ATTN DRDAR-BLV 1
DRDAR=BLP 1

ABERDEEN PROVING GROUND, MD 21005

HQ

US ARMY TRAINING & DOCTRINE CMD
ATTN ATDO-5 (COL MILLS) 1
FORT MONROE VA 23651

DIRECTOR

US ARMY RSCH & TECH LAB (AVRADCOM)
PROPULSION LABORATORY '

ATTN DAVDL-PL~D (MR ACURLO) 1
21000 BROOKPARK ROAD

CLEVELAND OH 44135

CDR

US ARMY NATICK RES & DEV CMD

ATTN DRDNA-YEP (DR KAPLAN) 1l
NATICK MA 01760

CDR
US ARMY TRANSPORTATION SCHOOL

ATTN ATSP-CD-MS 1

FORT EUSTIS VA 23604

12/81
AFLRL No. 147
Page 3 of 6
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CDR
US ARMY QUARTERMASTER SCHOOL
ATTN ATSM-CD (COL VOLPE)
ATSM-CDM
ATSM-TNG-PT
FORT LEE VA 23801

HQ, US ARMY ARMOR CENTER
ATTN ATZK-CD-SB
FORT KNOX KY 40121

CDR

US ARMY LOGISTICS CTR

ATTN ATCL-MS (MR A MARSHALL)
FORT LEE VA 23801

CDR

US ARMY FIELO ARTILLERY SCHOOL

ATTN ATSF-CD
FORT SILL OK 73503

CDR
US ARMY ORDNANCE CTR & SCHOOL.
ATTN ATSL~CTD-MS

ABERDEEN PROVING GROUND MD 21005

CDR

US ARMY ENGINEER SCHOOL
ATTN ATSE-CDM

FORT BELVOIR VA 22060

CDR

US ARMY INFANTRY SCHOOL
ATTN ATSH-CD-MS-M

FORT BENNING GA 31905

CDR

US ARMY AVIATION BOARD

ATTN ATZQ-OT-C
ATZQ-0T-A

FORT RUCKER AL 36362

CDR
US ARMY MISSILE CMD
ATTN DRSMI-O
DRSMI~RK
DRSM1-D
REDSTONE ARSENAL, AL 35809

CHIEF

US ARMY LOGISTIC ASSISTANCE
OFFICE (TSARCOM)

ATTN STSFS-OE
(LTC BRYANDS, SSTR)

P.0. BOX 2221

APO NY 09403

12/81
AFLRL No. 147
Page 4 of 6
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MAJOR L E GUNNIN, SSTR
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US ARMY LOGISTIC ASSISTANCE OFFICE

LAO-K (TSARCOM)
APO SAN FRANCISCO 96202

CRD

US ARMY AVIATION CTR
ATTN ATZQ-D

PORT RUCKER AL 36362

PROJ MGR M60 TANK DEVELOP.
ATTN DRCPM-M60-E (MR WESAK)
WARREN MI 48090

CDR

US ARMY INFANTRY BOARD
ATTN ATZB-1B-PR-T

FORT BENNING, GA 31905

CDR

US ARMY FIELD ARTILLERY BOARD
ATTN ATZR~-BDPR

FORT SILL OK 73503

CDR
US ARMY ARMOR & ENGINEER BOARD
ATTN ATZK-AE~PD
ATZK-AE~CV
FORT KNOX, KY 40121
CDR '
US ARMY CHEMICAL SCHOOL
ATTN ATZN-CM-CS
FORT MCCLELLAN, AL 36205

DZPARTMENT OF THE NAVY

CDR

NAVAL AIR PROPULSION CENTER
ATIN PE-71 (MR WACNER)
PE-72 (MR D'ORAZIO)

P O BOX 7176

TRENTON NJ 06828

CDR

NAVAL SEA SYSTEMS CMD
CODE 05D4 (MR R LAYNE)
WASHINGTON DC 20362

CDR

DAVID TAYLOR NAVAL SHIP R&D CTR

CODE 2830 (MR G BOSMAJIAN)
CODE 2831
ANNAPOLIS MD 21402

—
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JOINT OIL ANALYSIS PROGRAM -
TECHNICAL SUPPORT CTR

BLDG 780

NAVAL AIR STATION

PENSACOLA FL 32508

DEPARTMENT OF THE NAVY
HQ, US MARINE CORPS
ATTN LPP (MAJ SANDBERG)
LMM (MAJ STROCK)
WASHINGTON DC 20380

CDR

NAVAL AIR SYSTEMS CMD

ATTN CODE 5304C1 (MR WEINBURG)
CODE 53645 (MR MEARNS)

WASHINGTON DC 20361

CDR
NAVAL AIR DEVELOPMENT CTR

ATTN CODE 60612 (MR L STALLINGS)

WARMINSTER PA 18974

CDR
NAVAL RESEARCH LABORATORY
ATTN CODE 6170 (MR H RAVNER)
CODE 6180
CODE 6110 (DR HARVEY)
WASHINGTON DC 20375

CDR

NAVAL PACILITIES ENGR CTR

ATTN CODE 1202B (MR R BURRIS)
CODE 1208 (MR BUSCHELMAN)

200 STOVALL ST

ALEXAKDRIA VA 22322

CHIEF OF NAVAL RESEARCH
ATTN CODE 473
ARLIRGTON VA 22217

CDR

NAVAL AIR ENGR CENTER
ATTN CODE 92727
LAKEHURST NJ 08733

COR, NAVAL MATERIAL COMMAND
ATTN MAT-083 (DR A ROBERTS)
MAT-08E (MR ZIEM)

Cp6, RM 606
WASHINGTON DC 20360

—

—

s

CDR

NAVY PETROLEUM OFC

ATTN CODE 40 1
CAMERON STATION

ALEXANDRIA VA 22314

CDR

MARINE CORPS LOGISTICS SUPPORT
BASE ATLANTIC

ATTN CODE P841 1
ALBANY GA 31704

DRPARTMENT OF THE AIR FORCE

HQ, USAF
ATTN LEYSF (MAJ LENZ) 1
WASHINGTON DC 20330

HQ AIR FORCE SYSTEMS CMD
ATTN APSC/DLF (LTC RADLOF)
ANDREWS AFB MD 20334

1S

CDR
US AIR PORCE WRIGHT AERONAUTICAL
LAB

ATTN APWAL/POSF (MR CHURCHILL) !
AFWAL/POSL (MR JONES) 1
AFWAL/MLSE (MR MORRIS) 1
AFWAL~MLBT 1

WRIGHT-PATTERSON AFB OH 45433

CDR
USAP SAN ANTONIO AIR LOGISTICS
CIR
ATTN SAALC/SFQ (MR MAKRIS) 1
SAALC/MMPRR 1
KELLY AIR FORCE BASE, TX 78241

CDR

USAF WARNEK ROBINS AIR LOGISTIC
CTR

ATTN WR-ALC/MMIRAB-1 (MR GRAHAM) 1

ROBINS AFB GA 31098
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OTHER GOVERNMENT AGENCIES US DEPARTMENT OF ENERGY
BARTLESVILLE ENERGY RSCH CTR

US DEPARTMENT OF TRANSPORTATION DIV OF PROCESSING & THERMO RES 1
ATTN AIRCRAFT DESIGN CRITERIA DIV OF UTILIZATION RES 1 °
BRANCH 2 BOX 1398
FEDERAL AVIATION ADMIN BARTLESVILLE OK 74003
2100 2ND ST SW -
WASHINGTON DC 20590 SCI & TECH INFO FACILITY
ATTN NASA REP (SAK/DL) 1
US DEPARTMENT OF ENERGY P O BOX 8757
DIV OF TRANS ENERGY CONSERV 2 BALTIMORE/WASH INT AIRPORT MD 21240
ALTERNATIVE FUELS UTILIZATION
BRANCH

20 MASSACHUSETTS AVENUE
WASHINGTON DG 20545

DIRECTOR
NATL MAINTENANCE TECH SUPPORT
CIR 2
US POSTAL SERVICE
NORMAN OK 73069
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