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FGREWORD

This summary report was prepared by Atlantic Research Corporation, Alexandria, Virginia, under U.S.
Air Force Contract F 33615-69-C-1849, Project No. 3012. The work was administered under the direction of the
Aero Propulsion Laboratory, Mr. Jack Fultz, Project Engineer, APRA.

This report covers work performed from 30 June 1969 through 3! January 1970, in the program work
packages concerned with materials compatibility. Other work packages of the program performed during this time
period are not included in this report.

A previously published summary report (“Material Screening Repori,” TR-PL-9870-01, Deceinber
1969), documented the first 4 months of this effort and contained descriptive passages for the initial choice of
materials and for the setup of the immersion, permeability, and stress corrosion tests. These descriptive passages are
not included in this report, but much of the previously reported data are again included so that the basis for material
selections is complete.

Dr. Kermit E. Woodcock was the program manager for Atlantic Research Corporation; Donald H.
Sargent was the principal investigator; and Cedric Bielawski conducted the materials compatibility effort. Cwight E.

Shelor, E. Paul Sullivan, Jr., and Courtland N. Robinson were responsible for special testing series.

Publication of this report does not constitute Air Force approval of the report’s findings or conclusions.
It is putlished only for the exchange and stimulation of ideas.

The identification number assigned to this report by Atlantic Researci» Corperation is TR-PL-9870-03.




ABSTRACT

A 7-monih comipatibility effort was conducted on materials potentially useful in ramjet fuel systems
using the dense hydrocarbon fuel RJ-5 (Shelldyne H). The results of this work were used to select materials for a
full-scale fuel system simulator to be tested in the remainder of this program.

The candidate materials included eight metals and eight nonmetallic materials. Immersion tests were
conducted on all materials at both room temperature and at 160°F, with the specimens svaluated by chznges in
appearance, volume, weight, tensile properties, and hardness.

Additional compatibility tests were conducted under a high shear environment typical of ramjet
turbopumps and under vibrational and flexing loads typical ot aircraft carriage and missile flight. For these tests, the
materials were kept in contact with hot Shelldyne H.

Candidate bladder materials were subjected to hot pressurant gases from solid-propellant gas generators,
while in contact with fuel in a simulated fuel cell. Low tzmperature mechianical properties were determined for these
elastomers.

None of :he eight metals (two steels, two stainless steels, two aluminums, and two titaniums) have
shown 2ny effect of contact with Shelldyne H. The fuel tank material selected was 4130 steel, from considerations
of compatibility, ease of fabrication, and cost. Steels, stainless steels, and aluminums were selected for other
components of the simulator.

The bladder material chosen was a Viton/Nomex composite, from considerations of fuel compatibility
and hot pressurizing gas compatibility. It is expected that this material will be suitable for low temperature
operation, but alternate materials and composites may be tested in the simulator. Viton was selected as the primary
seal and O-ring material, with nitrile also to be tested. Nyion and Teflon, both compatible with Shelldyne H, will be
used, where applicablc, for components of the simulator.

Nitrile and silicone rubbers were shown to absorb a significant amount of fuel, swell, and lose tensiie

strength -as a resust of immersion. A nitrile/nylon composite material did absorb fuel and swell, but its tensile
properties were not degraded. Ethylene propylene terpolymer was incompatible with Shelldyne H.

iid
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SECTION I

INTRODUCTION

The overall objective of this program is to obtain reliable design data for the fuel systems of
ramjet-powered vehicles. The fuei used in this effort is RJ-5 (Shelldyne H), a dense hydrocarbon liquid.

For purposes of this effort, the fuel system is defined as ccnsisting of all components from the fuel tank
to the fuel control inlet, i.e., fuel tank, bladders or other expulsion devices, insulation, valves, seals, transfer lines,
pressurization subsystems, boost pumps, and possibly other specialized components.

Lifetime goals for the fuel system components are 2 vears (minimum acceptable life) znd 5 years
(desired life) under the environmental conditions prescribed by MIL-STD-210A. During its lifetime, the fuel system
may be subjected to the environmental stresses of ground storage and handling and of 100 or more subsonic aircraft
carriage cycles. This fuel system must be capab!* of withstanding the environmental conditions of typical missile
flight trajectories, while it is initiating and performing its fuel delivery function.

As part of the overall program, materials suitable for fuel system components, which would come into
contact with RJ-5 and pressurant gases in a typica! fuel system, were subjected tc compatibility testing. The material
evaluation effort was divided into three work packages. The first was a screening phase of 4 months’ duration,
cempiigd 31 October 1969 and reported separately. The second phase cousisted of more extensive testing for a
3-month period ending 31 January 1970 and led to a seleciion of materials for a fuel system simulator to be built
and tested in this prograni, This report describes this second phase of the mazerials evaluation effort. Th> third phase
is a long-duration (12-month) extension of the testing.
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SECTION il

TEST RESULTS FOR METALS

1. VISUAL OBSERVATION

Coupons of eight candidate metals (Listed in Table 1) were immersed in Shelldyne H, both at room
temperature and at 160°F. In addition, control coupons of each of the metals were maintained at room
temperature, not in contact with Sh: ldyne H.

With the exception of the 4130 stéel, none of the metals under test changed in sppearance. The 4130
sieel ir: Shelldyne H at 70°F was slightly attacked by rust, but the control samples (in air) were also rusted as
expected, to a somewhat greater extent than the immersed samples. This indication of corrosion inhubition by
Shelldyne M is supporied by the cbservation: that no rust appeased on the 4130 steel coupons inumersed in Shelidyne
il at 160°F. To confirm that the rust is due to moistare and not to Shelidyne H, sanuples of 4130 steel were
immersed in dried and degassed fuel in sealed vials at 70°F and at 160°F. These coupons have not shown any
indication of rust, proving that stee} and Shelldyn2 H are basically comipatible.

1n o case was the fuel discolored by any metal, either at ambient or at elevatzd temperatare.
2. IMMERSION TEST RESULTS

Duplicate samples of each of the metals under each of the three storage conditions (contro! specimens at
70°F, immersed specimens at 70° F, and immersed specimens at 160°F) were tensile tested at regular intervals
during the 7-month period. The tensile tests themselves were done at room temperature. The measured tensile
strength, yield strength, and moduius for the individus! specimens are tabulated in Appendix A, Tables A1 through
A 8. Table ! iists the averaged test results. '

It is apparent from the average values listed in Table | that there were no ugnificant eifects of Shelidyne
H immersion upui the tensile sirengih, yield strength, or modulus of any of the eight metals. All dificrences
oetween the average values for e vanous storage conditions wers within the confidence band for random erre;
sampling and measuring.

3. STRESS (ORROSION

The U-bend sticzs-corrosion specimens of *.on - f the cght metals were under test for 158 days, with no
evidence of failure. The 4130 stee! specimen wits Ightly rusted above and below the Shelidyne H lquid level
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Table I. Average Immersion Test Results, Metals.

ey e WA AR AR TG, PROMART v

Storage
Temperature Tensile Strength 0.2 Percent Yield Strength Modulus
Metal °F) {psi x 10°3) {psi x 10°3) (psi x 10'6)
4130 Stee! 70? 70.1 43.7 26.8
70 70.7 412 27.6
160 705 424 28.0
4130 Stee! 70° €8.9 41.2 30.9
(cadmium plated) 70 64.8 a7 30.1
160 65.3 40.4 33.9
321 Stainless Stee! 702 828 30.0 25.3
70 8i.0 279 235
160 79.5 28.7 25.9
14-8 Stainless Steel 70° 127.2 53.3 348
70 131.7 54.3 306
160 1321 54.3 34.9
7075 Al minum 708 76.7 60.1 17.7
70 79.6 6.0 22.1
160 77.0 62.7 14.0
606 Aluminum 70? 45.0 385 17.3
70 429 38.8 18.2
160 417 3¢.7 17.6
Titanium 702 168.4 157.2 229
(6 aluminum-4V) 70 165.9 163.7 33.9
160 165.1 146.7 33.7
Titanium 702 137.9 123.6 30.3
(5 aluminum2.5tin} | 49 137.9 116.1 82
160 139.9 118.2 28.1 ,
SR §

8Control samples not immersed in Sheiidyne H.
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SECTION II}

TEST RESULTS FOR NONMETALS

1. VISUAL OBSERVATION

The eight nonmetals listed in Table II were immersed in Shelldyne H at 70 and 160°F. In addition,
control samples not ‘immersed in Shelldyne H were maintained at both temperatures.

Visual cbservation of the immersed specimens revealed that the ethyiene propylene terpolymer (EPT)
br:came heavily swollen, Moderate swelling was evident with nitrile rubber and with silicone rubber. No apparent
change in the specimens was evideat with the other materials.

The fiel, at room temnperature and at 160°F, was heavily discolored to orange-vellow by the EPT and
lightly discolored by the nitrile, the nitrile/nylon, the Viton, and the Viton/Nomex. The fuel with the nitriles
appeared more discolored than the fuel with the Vitons, and the nitrile and the Viton with nylon reinforcement
discolored the fuel less than the same rubbers without nylon reinforcement,

To quartitate the appearance of the fuel, the transmission of light (of known wavelength) was measured,
using distilied water as a standard. Figure | shov's the severity of the light absorbency and documents the color
ranking discussed above.

2. IMMERSION TEST MEASUREMENTS

At various intervals in time, the progress of the immersion tests was documented in several ways. First,
the appearance of the coupons and the fuel were noted. Second, duplicate coupons of each material at each storage
condition were tensile tested. For the nonmetels, dimensional and weight changes were ineasured for duplicate
coupons (especially designated for this purpose) of each material at each storage condition. Shore A-2 hardness was
also measured in four places for cach of two coupons at each storage condition.

Appendix B lists the data for individual specimens of the nonmetallic materials in Tables B.1 through
B.8. The averaged results for the immersion tests are listed in Table [1. These results will be discussed <=parately for
each material.

Viton (US _3_92_;‘

The data in Table 1 show a slight loss in weight and volume as a result of high temperature and as a
resuit of immersion in Sheiidyne H. This loss of plasticizer (which was used for compounding purposes and not for
taiforing of the product propertie:} is accoiapanied by small increases in tensile strength and hardness and by a small
wrerease i elongation. The wata (wee Table B.1) stabilized quickly with time, indicating that the changes noted are

not PIORICSSIVE 1 nature.

The basic Viton AHYV matenai appears to be compatible with Shelldyne H at room temperature and at
160°F,

IMateriat construction desggnations of Uniroyal Rubber Company.
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Table II. Average Imme:rsion Test Results, Nonmetals.

s vy

.

Storage Tensile Volume Weight
Temperature | Strenquh | Etongation | Medulus | Crange Cunge | Shore a2
Material °F) fpsi) | (percent) | psix 10°3) | (percent) | {percent) | Itiardness
Viton 703 1,160 768 - 1 22 55
(US 3094) n 1,350 738 - 5 19 57
1602 1,500 64 | - 2 R
160 1,810 615 | - 4 17 59
Viton/Nomex 70? 4,560 26 - -5 0.1 35
(US 941) 70 5,030 32 - 2 15 86
160° 4,630 26 - R 05 8
160 5,650 23 - - 1.1 86
Nitrile
{US 3010) 70° 1,390 288 - 5 2.1 81
70 1,300 256 - 10 121 54
160° 1,390 222 - 1 1.4 63
160 830 178 - 2 ns . %
Nitrite/ylon 70? 7.170 2 - 2 06 | 8
(US 566 RL) 7 7.070 42 - ) 86 8 |
€62 7,440 45 — -1 186 84
160 7.540 a3 - 13 128 85
EPT 708 1,040 833 - -1 0.8 51
{US 3015) 70 150 170 - 138 149 3% !
1802 1,150 569 - 13 3 56 |
160 s 125 - 217 223 13
Nylon 70° 7,150 67 328 -3 0.4 -
7 6.27G 78 332 -1 14 L -
160° 10,660 42 472 2 21 i -
160 8,730 53 374 c 0.1 -
Teflon 7062 2,770 398 153 1 0.0 -
70 2,300 324 14.8 1 0.7 -
1603 2,070 285 15.0 1 0.0
160 2,580 354 14.8 L 0.4 ;
I :
Silicone Rubber 70°? 720 288 - 2 0.5 52 |
70 460 210 - 18 16.1 a7
1602 730 275 - 0 0.1 5|
160 540 243 - 0 | 225 | 4|

i

4Control samples not immersed in Shellovne H,

"t S A S MDA WS e 7 s
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Nitrile (US 3010)*

The data in Table 11 indicate significant swelling and weight gain as 2 result of immersion in Shelldyne H.
This fuel absorption is also accompanied by softening of the rubber and by some loss in tensile strength.

Ethylene Propylene Termpolymer (EPT, US 3015)!

The data in Table 1I show z basic incompatibility of EPT with Shelldyne H. Fuel absorption degraded
the rubber until virtually all of ifs tensile sirength was gone. The elongation and hardness of immersed EPT are only
fractions of their original values.

Silicone Rubber

As aresult of immersion, the silicone rubber has absorbed a significant amount of fuel, softened, and has
lost tensile strength and elongation. Thase changes have apparently stabilized with time and do not appear to be
progressive.

Because it has attractive low- and high-temperature properties, silicone rubber was also considered as a
structural material which may only be splashed or wet with fuel for very short time periods.

A series of tests was performed to determine the rate of absorption of Shelldyne H by silicone rubber.
Strips of silicone rubber were immersed in Shelldyns H at room temperature for varying pericds of time, and the
weight increases of the samples were noted. These data are shown in Figure 2. It 1s apparent that the absorption
occurs very rapidlv, with a 10 percent weight increase noted after one hour of immersion. After 12 hours of
immersion, the weight increase levels off at about 17 percent, the equilibrium absorptioa level at room temperature
(see Table II).

Lach of the samples, upon remcval from the Shelldyne H, were allowed to dry under ambient
conditions. For the particular sample configuration (1 by 6-inch dog boenes, $.05-inch thick, with one side at a time

exposed to air, and with the sample turned over intermittently), and for the particular set of air conditions
(temperature, relative humidity, air velocity), the rate of drying is approximoted by:

where
¢ T wagnt ot ghsorbed tuel as a percent of the mutial sample weight
U= diying tine, days

What this elatonshup indicates o that halt of the tuel evaporated every 2.3 days

Fatenal construction designations ot Unioval Rubber Company.
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This relatively low drying rate is due to the very low vapor pressure of Shelldyne H at room temperature.
if silicone rubber in a ramjet fuel system had been wet with Shelldyne H, the drying time would be longer if the
rubber were either in an enclosed space or at a lower temperature

When the silicone rubber samples had dried completely, their original properties were quaiitatively
regained. No apparent perrranent change had occurred.

In view of the rapid fuel abscrption rate and the low drying rate, silicone rubber that might e splashed
or wet in a ramjet fuel system should be considered to remain wet. Hence, the dimensions, weight, and tensile
strength of the wet silicone rubber should be considered for such a design application.

Nylon

The data in Table 1l show that the nylon specimens not immersed in Shelidyne H are somewhat
temperature-sensitive. Probably as a result of a loss of moisture, nylon at 160°F showed a small volume and weight
loss, accompanied by an increase in tensile strength and modulus and by a loss in elongation.

The nylon specimens immersed in Sheildyne H, compared to the control samples at the same
iemperature, show a small amount of fuel absorption with a small relative loss in tensile strength and gain in

clongation. The 2 to 3 percent of Sheildyrie H appears to plasticize the nylon.

Viton/Nomex (US 941)!

The Viton/Nomex construction consists of five layers, two Nomex (a high-temperature nylor) fabric
layers, znd three Viton AHV layers. The data in Table II indicate that this construction is affected only siightly by
temperatwe or by immersion in Shelidyne H. The small increase in weight as 2 result of immersion is likely a balance
between the decrease in weight observed with vnreinforced Viton and the increase in weight observed with nylon.
The tensile strength and elongation of the Viton/Nomex are relatively unaffected by immersion.

Nitrile/Nylon (US 566 RL)!

This composite material also exhibits the properties of its components. A significant amount of fuel was
absorbed, but the tensile strength and elengation were unaffected (contrary to the behavior of nitrile above). The
amount of fuel absorbed reache¢ an equilibrium vaiue very early, with no indication of any progressive change.

Teflon (TFE)

Table I indicates a small amount of Shelldyne H (less than 1 percent) had been absorbed by Teflon.
This value is consistent with the absorption of other hydrocarbons by Teflon, However, this minor absorption had
little if any effect upon the tensite strength, ciongation, or modulus of the materint. The control specimens at 16G°F
apparently underwent some annealing, lowering the tensile strength somewhat, but this change did not occur in the
immersed specimens at 160°F.

Except for the minor fuel absorption, Teflon is compatible with Shelldyne H.

"Material construciion designations of Uniroya! Rubber Company.
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3. PERMEABILITY TESTS

P:rmeability was measured using Payne cups which hold approximately 15 milliliters of fuel. A spscimen
of elastomer 10 square centimeters is clampec¢ between two flanges in the exposed surface area. Permeability is
measured by the weight loss from the Payne assembly as a function of time.

Specific permeability is defined as the number of milligrams of Shelldyne H which hes permeated
through 1 square centimstor of film one millimeter thick in 24 hours at room temperature and pressure. The
elastomer specimens used ranged between 0.5 and 1.2 millimeters in thickness.

Two Payne cups were prepared for each of the materials tested. Originally, the cups were oriented with
the elastomer above the fuel (the “up” configuration), so that any loss of fuel might result in a vapor space adjacent
to the elastomer. Once equilibrium permeation was established, one of each pair of cups was inverted (the “down”
configuration) so that the fuel always wets the elastomer.

The specific permeability data are listed in Table I1I. The first observation made is that no significant
differences were obtained between the “‘up” and the “down™ configurations of the Payne cups.

The permeability rates through the unreinforced Viton, the Viton/Momex, and the nitrile/nylon are
relatively low, and there is some indication that the rates decrease with time. The permeability rate through
unreinforced nitrile rubber was significantly higher. The rate through EPT was extremely large and, in fact, the EPT
became wet ihrough with fuel.

To determine permeability rates more accurately, duplicate 6-inch bladders of Viton, Viton/Nomex, and
nitrile/nyion were fabricated, filled with Shelldyne H, and sealed. Permeability data will be recorded for the
remainder of the program.

4. HIGH SHEAR TESTS
A. Description of the Apparatus

Candidate materials were tested under high shear conditiouns in Shelldyrz H, using a turbopurnp
simulator. This apparatus, initially designed and used by Atlantic Rescarch Corporation under another Air Force
contract, was modified to suit the needs of this program. The apparatus consists of a large diameter disk driven by an
electric motor and drive, which delivers 5 horsepower to the shaft at 4,000 r/min. The high shear rate is generated
bt veen the perimeter of the rotating disk and the inner suiface of a ring which holds samples of several materials.

A photograph of the assembled apparatus is shown in Figure 3. A system of adjustable studs
enables the alignment of the drive with the disk shaft for high-speed rotational operation. Figure 4 shows the bearing
end of the apparzatus. The high-speed seal consisis of a pressure-balanced and spring-loaded graphite seal which bears
upon a polished chrome-plated rotating surface. Also shown in Figure 4 iz a 24-tooth counter gear which, in
cenjunction with the pickup trensducer, providss a:: accurate measure of revolutions per minute,

11
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Figure 5 ‘hows the oppotite end of the -pparstus. The cover plaie, providing a static seal, is held
by & snap ring. making it easily removable for inspection and replacement of samples. A thermoccuple measuring
fluid temperature is shown in Figure S. Figure 6 shows the same end of the apparatus with the cover plate removed,
exposing the rotating disk and the sample ring.

Figure 7 shows the sample ring with six different material samples bonded into place (with an
epoxy cement). Proceeding clockwise in Figure 7, and starting with the white sample, the materials were Teflon,
nylon, Viton (US 3094), Viton/Nomex (US 941), nitrile/nylon (US 566 RL), and suic-rw : <bher,

B.  Shear Rate

The rate of shear between two roaxial cyli..lers with reia“ive rotation is

8§ = —
2 2 15p2 2

where

shear rate, seconds ™!

w
]

D; = smaller diameter
D, = larger diameter
w = angular wéocity,semn_ds'l
¢ = angular fn:quenéy. r/min
For the pump simulator, Dj. the inside diameter of the sample ring is 7.50 inches. The rotaiing
disk used had Dy = 7.20 inches, resulting in a clearance of 0.15 inch. The shear rate as a function uf frequency is
then
S = 257¢
The drive is capabile of rotational speeds to 8,000 r/min so that the range of shear rates avalabie (with this particular

dusk) is up to 2.06 ¢ 3(}4 sec‘l. Another dusk which has been desgned has an cuter divnwter o 7.46 inches, &
clearance of 0.02 inch, and a maxunum shear rate of 1 56 » 100w
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Figure 5. Pump Simulator, Showing End Cover Plate.
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C.  Testing Performed

The pump simulator apparatus was assembled and fiiled with Shelldyne H. A bleed hole at the top
of the apparatus permitted complete filling te occur For these tests, a standpipe was constructed from one of the
ports, and a positive liquid head of about 6 inches was maintained during the tests. The other port accommodated a
thezmocouple which measured the fuel temperature. A small flow of cooling water was maintained on the outside of
the apparatus heiween the two large flanges.

Two tests were conducted, each of 90 minutes duration. For Test 1, a rotational speed of 3,910 £
10 r/min was maintained, resulting in a shear rate between the disk and the material samples of 1.003 £0.003 x 10
sec’!. The apparatus performed well for this extonded duration. At the end of Test 1, the cover pjate and the sample
ring were removed, and the material samplcs ware examined. There was no evidence of any erosion or wear for any
of the six materials as a result of the high shear ¢nvironment in Shelldyne H. )

The apparatus was then reassembled, using the same sample ring, and Test 2 was performed for 90
minutes. The rotational speed was 3,930 10 r/min, resulting in a shear rate of 1.009 £0.003 x 10% sec’l. Again, no
mecnanical problems resulted. When the sample ring was removed after Test 2, it was discovered that the bond
holding the silicone rubber sample to the steel ring had failed and that a corner of the silicone rubber sample was
torn. The rubber itself, however, as well as the other five materials, showed no evidence of degradation or failure
vecause of the high shear environment.

The initiai fuel temperature prior to Test 1 was 52°F. Once the test began, the temperature rose
sharply, reaching 05°F after 1 minute of operation. After 15 minutes, the temperature reached 150°F, and the
temerature stabilized at 153 to 156°F for the remainder of ihe test. At the start of Test 2, the temperaturc was
75°F. rising to 107°F after 1 minute, 152°F after 15 minu:es, and stabilizing at 150 to 153°F for the remainder of
the test.

The two tests performed resulted in four major corclusions. First, there was no evidence of
erosion or other degradatio.: for any of the six materials as a result of a high shear environment in 150°F Shelldyne
H for 3 hours of operation. Second, the graphite seal on the apparatus performed well while in contact with 150°F
Shetidyne H, indicating that simular turbopump seals and bearing surfaces are suitable for use with Shelldyne H.
Third, the teardown, inspection, and reassembly of the apparatus between Tests 1 and 2 consumed 38 minutes,
proving the value of the equipment revision, especially for Task Il testing. Fourth, the successful uperation of the
revised pump simulator assembly for a very extended time period (180 minutes) served as a severe checkout for Tas
H testing.

(¥4

5. VIBRATION AND FLEXING TESTS

Another testing sequence accomplished was the vibra‘ional and flexing tests of candidate elastomers and
plastics while immersed in Shelldyne H at 160°F. The specimens consisted of 1- by 6-inch strips of Viton,
Viton/Nomex, nitfile/nvior, nylon, and Teflon. All except the nylcn were in the shape of ASTM tensile-testing dog
bones.
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The experimenta setup consisted of a shaker connected to the top of each of the specimens with a
vertical rod and five clamps. The specimens were suspended in a beaker of Shelldyne H which was, in turn, heated in
a water bath (using a hotplate) to 160°F. At the bottom end of each specimen was a 15-gram weight, so that a
flexing action would be promoted according to the table below:

10g Acceleration

Material Stress (psi) Strain (percent)
Viton 13.0 48
Viton/Nomex 21.0 6.21
Nitrile/Nylon 34.2 0.17
Nylon 4.4 0.01
Teflon 10.7 0.08

The vibrational schedule followed is shown in Figure 8. This schedule was abstracted from
MIL-STD-810B (15 June 1967), Method 514, Category (d), “Air-Launched Vehicle.” Two tests were performed as
shown in Figure 8: a captive phase (corresponding to aircraft carriage) of 120 minutes duration, and a missile flight
phase of 30 minutes duration. The frequency was set with a wide range oscillator and the amplitude was adjusted
with a power amplifier to the electromagnetic shaker. Two types of measurements were taken in differen. ranges to
set the amplitude of oscillation. At the lower frequencies, the double amplitude was directly measured using a
pointer and a scale, At the higher frequencies, where the amplitude was too small to measure, an accelerometer
mounted on the shaker was monitored on an oscilioscope to enable the g-level to be set.

In this way, the schedule shown in Figure 8 was realized. The total number of cycles in each of the two
phases was on the order of 1.2 million.

Following these two vibration and flexing tests, the specimens were weighed and tensile tested:

Weight Change Tensile Strength
Material _(perccm) (k;i)
Viton 0.6 1.33
Viton/Nomex 0.1 4.60
Nitrile/Nylen +4.5 6.27
Nylon +0.5 7 K2
Teflon +0.4 1.9
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It is apparent that these values are not significantly different from the values reported for the immersion:
tests. In conclusion, then, the vibration and flexing in a hot Shelldyne environment did not degrade the properties of
any of the materials tested.

6. HOT PRESSURANT GAS TESTS

The double-chamber rocket motor shown in Figure 9 was used te conduct four tests of candidate
bladder materials in a solid propellant gas generator exhzust gas environment. The second (test) chamber duplicates
typical fuel system pressures to obtain realistic specimen heating rates.

The primary chamber contained an end-burning, 6-inch-diameter grain of a solid gas generator
propellsnt, and was vented through a sonic nozzle into the secondary or test chamber which contained the simulated
fuel bladder. The secondary chamber nozzles were sizsd so that the pressure would be maintained at 300 to 400
psia.

The simulated bladder in the test chamber consisted of a 1-inch tubing cross which was completely fiiled
with Shelldyne H. Each of the four ends of the cross was sealed with a 1-inch-diameter disk of a candidate bladder
material. From the viewpoint of the elastomer specimen, then, the environment was the same as in a fuel system
bladder, with Lot gases on one side and fuel on the other side. For each test, one specimen was unreinforced Viton
(0.048 inch thick), one specimen was a double layer of nitrile/nylon (each ply 0.019 inch thick), and two specimens
were Viton/Nomex (0.031 inch thick).

Two Atlantic Research gas generator solid propellants were used. For the first two tests, a CTPB binder
system propellant, ARCADENE® 242, was used. The theoretical flame temperature of this propellant is i,984°F,
with corrosive HC! comprising 8.6 percent (by volume) of the exhaust gases. The propellant used for the last two
tests was ARCITE®479F, a PVC binder system propellant with a theoretical flame temperature of 2,003°F, and
with 17.0 percent HCl in the exhaust gases. Table IV kLists the theoretically calcuiated properties of the exhaust gases
for these two propellants.

Table V lists the test conditions and resuits for the four tests. Test chamber pressures and temperatures
were measured for each test, and they differ somewhat from test to test. In addition, the solid propzllant firing time
varied among tests. A severity factor, S, for each test was calculated based upon the total heat flux to the specimens:

0.8 '
MO
Severity Factor = (-5 ) (T-1000) (8) = M08 02 (1.1000)

where
@ = firing duration, seconds
T = measured gas temperature, °F
M = total propellant weight, pounds
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Table IV. Theoretical Performance of Gas Generator
Propellants, Chamber Pressure = 1,000 psia.

Flame Temperature, °F

Gram Moles Total Gas/100 grams

Mole Fraction

co

Total Solids

ARCADENE 242 ARCITE 479F
1,984 2,003
4.828 4.404
321 230

6.6 6.6
8.6 17.0
15 288
129 16.8
6.5 6.6
0.0 0.0

e et b




Table V. Gas Generator Compaiibility Tests.

o eI R SR

Test 1 Test 2 Test3 Test 4

Date 1-13-70 1-16-70 $-27-70 1-30-70
3as Generator Propellant ARCADENE 242! ARCACENE 242 | ARCITE 479F ARCITE 479F
Proraliant Weight, Ib 8.2 38 3.7 89
Firing Time, sec 12.6 5.8 9.5 191
Primery Pressure, psia 1,180 1,180 930 1,030
Test Chamber Pressure, psia 370 361 268 3i0
Test Chamber Temperature, °F 1,830 1,710 1,500 1,630
Concitic) of Specimens:

Nitrile/WNylon {0.038 in.) c c A c

Viton (0.048 in.) D A A B:

Viton/Nomex No. 1 (0.031 in.) 8 A A A

Viton/Nomex No. 2 (0.031 in.) D A A A

Note: A - Charred on outside, but specimen st'll intact without leaks or hoies, elastonier pliable.

B - Charred through, causing leakage, elastomer pliable.

C - Charred through, causing leekage, elastomer hard (carbonized), no Iongér pliable.

D - Burned through completely without leaving residue.
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The total heat flux varies directly with time anc. temperature durirg force (a nominal average specimen
surface temperature of 1,000°F was assumed), and with the mass flow rate to the 0.8 power. The severity factor,
then, for the four tests are:

Ifjf : Severity Factor
1 7400

2 ' 2900

3 ' 2200

4 o 6500

Qn this basis, then, Test 3 was the least severe, and Test 1 was the most severe. The tabulated condition
of the ‘specime'ns (from Figure 2) bear out this ranking. In Test 3, all four specimens survived intact, with no
burnthroughs. In Test 1, all four specimens failed. Tests 2 and 4 served to differentiate among the bladder materiais
according to their resistance to the thermal environment. In both tests, the double thickness of nitrile/nylon failed.
in Test 4, the unreinforced Viton failed. Both Viton/Nomex specimens remaited intact, however, for both Tests 2
and 4.

) Cn the basis of these tests, the Viton/Nomex.composite material is the clear choice for superior
resistance to a hot gay environment. It might be added that this resuit was obtained despite the fact that the
) Yiton/Nonrx was the thinnest of ihe three materials tested.

) Chservation of the Viton/Nomex spec’..ens indicated that the Noraex fabric acted .. an effective heat
barrier, since the char layer did not extend past the fabric.

7. LOW TUMPERATURE MECHANICAL PROPERTIES

. Ly R . . . -G~ .

Since the fuel sysiam simulstor must periorm its delivery function at 65 F, the elastomers used for the
bladder material znd for seals must not ewnbrittle at 65°F, and must retain sufficient flexibility to function in an
acceptable manner. ’ '

Nitrile rubber is a copolymer of dutadiene and acrylonitriie. As the acrylonitrile content is decreased,
the low temnersiure flexibility of the rubber 1s incraased, but at the expense of resistance to oils, fuels, and clevated
temgeratures. With proper compounding, nitrile rabber retains sufficient tlexibility at 65°F s that it 1s ¢ nmonly
used for this low temperature service.

Sihwese rubber  possesses  excellrat resilamee o lemperature extremes. Flexibihity  has been
demanstraied at -17S°F, and the aormwi maxssum service temperature for sustained periods s SOUF.
Fiuososhcene shastomers have Hexsbility at 657F and are reustant to many tuels and mis.i However, the siliwones
aind rorogiicones have much poorer igviuie sz'ut"hgths than other eiastomers; i difticult to eftectively remtorce
these rubbets beciuse of poor adbiesion properties and hagh permeabihity rates

1 . .
“Parker Seal Uompany.
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Viton has cutsianding resistance to fuels and oils, and is useful to extremely high temperatures. Its low 5
. teraperature propeities are not as attractive as those of some other elastomers, but Viton, through proper g
H

compoundizg and component design, can be used at 65° F.

. Time-honored flexibility tests of O-rings indicate a minimum usable temperature of 4{} to 5C°F for
Viton. However, these tests are based on the ease of flexug over a given size mandrel. Most elastomers become hard
and brittle, an break and shatter in the flexing test when they reach their minimun. usable temperature. Viton £
merely become: stiff. Tests at -65°F conducted by F.H. Pollard of Republic Aviation Corp. (SAE Journal, My ¢
1959) resulted in successful sealing by Viton.

AR AR e
.

General Dynamics concluded that F-111 wing cavity fuel cells made of Viton materials were good for
severe flexing and wrinkling in the -35° F to 40°F range and for inoderate flexing at $5°F.

Teflon, in addition to its inert character, possesses excellent low and high temperature mechanical
properties. The main drawbacks are cold flow, the necessity for using thin sections to achieve flexibility, rclattvel)
poor tear resistance, the difficulty in Nbrication and bonding, and high cost.

Ethylene propylene terpclymer (EPT) has good low teimperature fiexibility, but it is basically
incompatible with hydrocarbons.

In order to document the low temperatuse m=hanical properties of the specific mzterials-under study in
this program, a series of low-temperature tests were concucted on US 941 (Viton/Nomex construction), US 56¢ RL
(nitrile/nylon construction), US 3094 (unreinforeed Viton), US 3015 {unreinforced EPT), and Teflo.. (TFE). The
first was a qualitative test of irunersing a strip of material in a dry ice methyl ethy} ketone (MEK) bath and
attempting to hend the strip 180 degrees upon itself. At 85°F, the nitrile/nyion and the Teflon performed
successfully, but the EPT, the Viten and the Viton/Nomex both cracked. At 65°F, zll five materials were beni
double without cracking.

| Quantitative tensile tes{s were performed on these materials as a function of temperaiure. Tabie VI lists
the data obtained for US 3094 (unreinfo:ced Viton) and for US 3015 {unreinforced EPT); Table VI lists the data
for US 941 (Viton/Nomex) and for US 566 RL (nitrile/nyion); and Tahle VHI lists data interpolated \rom values
published by the Du Pont Company for Teflor (TFE). In additicr to the measured rupture stress and ruptuse strain,
Tables VI, VI, und VIII list the rupture stress reduced t0 an a-bitrary T3°F reference temperature according to

Smith:!
To
Reduced Rupture Stress = T x Rupture Stress
wheie
T = test temperature, “ R
I = iclerence temperature = 5337 R

Y

I3 Sauh, “Ultimate Tensile Propxcrtaes of Flastomers. 1. Companzon of Fadure Foveopes for Dafilled
Vulcamzates,” Joumal of Applied Physaes 35, 1, pp. 2735, Januany 1904,
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o] Table VI. Tensile Properties of Unreinforced Materials 3
S at Varying Temperatures. .
#
.
g | US 3094 (Viton) US 3015 (EPT)
' ; ; Test Rupture Rupture Stress Rupture Rupture Rupture Stress Rupture
. | Temperzture Stress Reduced to 73°F |  Strain Strese Reduced to 73°F |  Strain
E °F) {psi) (psi) (percent) {psi} (psi} {percent)
:# 165 492 420 a7 488 416 401
s 474 404 466 422 360 403
) Average 483 412 468 455 388 40z
[ ™
N 73 1588 | 1,568 598 1,807 1,807 685
I 1,535 1,535 690 1,807 1,307 687
L 1,508 1,508 732 1,692 1,692 608
Average 1,544 1,544 707 1,769 1,769 660
N 0 2,928 3,399 403 2,451 2,846 495
2,631 3,055 364 2,381 2,764 480
Average 2,780 3,227 384 2,416 2,805 488
20 3,51C 4,258 231 2,783 3,376 444
3,506 4,253 250 ] 2,605 3,160 423
1
Average 3,508 4,256 246 2,694 3,268 434
-45 3,686 4,744 86 2,824 3,634 330
3,455 4,447 109 2,647 3,407 319
Average 3,570 4536 98 2,736 3,520 324
o -65 3,782 5,113 24 2,950 3,088 289
D et 3,760 5,084 | 35 2,993 4,047 240
B Average 3,776 5,008 11 30 2,972 4,018 264
..V%?_V‘;.
e 28
R
A |
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Table VII, Tensile Properties of Reinforced Materials
. at Varying Temperatures.
US 941 (Viton/Nomex) US 680 AL {(Nitrile/MNylon)
Test Rupture Rupture Stress Rupture Rupture Rupture Strcss Rupture
Temperature Stress Reduced to 73°F Strain Stress Reduced to 73°F Strain
°F) {psi) (psi) (vercent) (psi) (psi) (percent)
165 3,253 2,770 18
3,333 2,240 18
3,500 2,990 15
Average 3,362 2,870 17
73 4,395 4,395 14
4,124 4,124 17
4,204 4,244 17
Average 4,254 4,254 16
0 5,263 6,110 -
6,053 7,020 1"
5,479 6,340 15
-

Average 5,598 6,490 13
-20 6.603 8,000 10
7,763 9,410 17
Aver2ye : 7,183 8,700 14
-45 10,134 13,020 "
9,698 12.460 14
10.563 13,570 14
Average 10,123 13,010 13

-65 11,781 15,900 7 €910 13,370 18

10,875 14,670 7 10,910 14,710 17

11,333 15,300 7 10.091 13,600 18

- USSR e ]
Average 11,329 [ 15,300 N 10,304 13,800 15
"3




1
'- Table VII. Tensile Properties of Teflon (TFE) at Varying
Temperatures (Calculated from Data in
" December 1964 Issue of the Journal of Teflon).
Rupture Stress
Temperature Rupture Stress Reduced to 73°F Rupture Strain

(°F) {psi) {psi) (percent)

165 2,870 2,450 367

73 3,600 3,600 282

0 4,230 4,900 230 -

-20 4,400 5,330 215

-45 4,620 5,940 198 )

-65 4,810 6,500 184
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The rupture stress is shown as a function of temperature in Figure 10, and the rupture strain is shown as-
- a fuaction of temperature in Figure 11. Figure 11 shows that both ethylene rropylene terpolymer (EPT) and Tetlon
retain well aver 100 percent elongation at 65° F, confirming the qualitative bending test previously discussed.
Unreinforced Viton loses elongation rapidly at jower temperatures, but there is still 30 percent elorgation at 65°F.
: These data conﬁrm the fact that Viton stiffens but does not embrittle at this tempsrature. The VltonlNomex
composite suffers a sharp droj in elongation below 45° F, but there still is almost half the elongation at 65° F the
material has at room temperature. The one point for the nitrile/nylon composlte confirms the fact that this
construction is much more flexible than the Vi.on/Nomex construction at -65° F.

The reduced rupture stress plotted against rupture strain in Figure 12 defines a Smith Failure Envelope
for each material. Any combination of stress and strain to the right of each curve results in a failure of the material.
Hence, failure will be averted if the component design limits the strain at a particular stress to the left of the curve.

AT R T S g kit ek IS ik L R

.

The conclusion drawn from these data is that Yiton and “/itcn/Nomex have limited flexibility at 65°F,
but that these materials are not totally brittle so they could be useful in the proper configuration. Teflon, nitrile
rubber, and EPT have greater {lexibility than Viton at ©5°F.

31
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SECTION IV

SELECTION OF MATERJALS

1. SELECTED METALS

The eight metals (two steels, two stainiess steels, twe aluminums, and two titaniums) have all exhibited
complete compatibility with Shelldyne H.

The metal selected for the fuel tank is 4130 alloy steet (which contains 0.95 percent Cr, 0.20 percent
Mo, 0.30 percent C, and 0.50 percent Mo), in the normalized condition. This steel is superior in its fabricability since
it is quite easy to roll, draw, and weld, The comparatively low cost of 4130 steel was an additional factor in its
selection. The criteriz of fabricability and cost are Jlc-~ly related, and it is in this arez that 4130 offers a significant
advantage over materials such as stainless steel and titanium, which are more expensive, or over an aluminuim alloy
which is more criticai with respect to welding. Reduction of mechanical properties as a result of exposure to
repeated moderate thermal <est environments is not anticipated because of the use of 4130 steel in the normalized
condition.

Other components of the fuel system simulator will be fabricated from steel, stainless steei, and

aluminum. The standard pipe and tube fiitings will be of steel and black iron {equivalent to steel in compatibility)

. because of the cost advantage, while special components such as the flowmeter, the quick-connect fittings, and the
filters will be of stainiess steel and alumir-:.n.

A. Selected Bladder Materials

The primary bladder material selected is US 941, the Viton/Nomex construction. Althougl both
Viton and Viton/Nomex have been shown to be compatible with Shelldyne H, the composite material has a much
higher tensile strength and was shown to be the superior marerial from the standpoint of compatibility with hot
pressurant gases. The rates of fuel permeability through both materials was shown to be acceptably low, and both
have excellent high-temperature properties. Viton does not degiade up to 6w0° F, From €80 0 730° F, Viton has
been used successfully for 30 to 40 hours, and it may be used for short periods of time up to 800° F.

The low temperature properties of Viton/Nomex (US 941) appear acceptable as it does not
embrittle at 65° F. Based upon the excellent compatibility and high-temperature attributes, and upon encouraging
low temperature measurements, this construction was the primary choice for a bladder material.

As secondary ardidaies for o bladder material, the nitrile/nylon construction {US 566 RL) and
Teflon were selected. The nitriic/nylon elastomer, while retaining low permeability rates and high tensile sirength,

its selection as a backup material. Its low te.nperature suitability is at the expense of fuel reustance and of

with hot pressurant gases. This material, however, exhibited superioi low temperature flexibility which accoun's for
F high-temperature resistance (the polymer tends te revert above 350° ),
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Teflon, the otner backup bladder materiai, has complete fuel compatibil'ty as a virtue along with
low temperature suitability. Teflon also has cutstanding high-temperature usefulness, but it must be used in much
thinner sections than elastomers for sufficient flexibility. This disadvantage would limit its usefulness with very hot

. pressurizing gases and would also present nroblems in tear resistance and teusile strengih.

B. Other Nonmetals Selected

Based upon its compatibilit; with Shelldyne H, Viton has been selected as the primary O-ring and
seal material. Although Viton becomes stiff at 65° F, it does not embrittle, and has been used successfully for
sealing. As an alternate, nitrile rubber O-rings and seals will be used. The moderate swelling will be of advantage in
sealing, and its good low tempeiature properties could prove invaluable.

Boti nylon and Teflon have demonstrated excellent compatibility with Shelldyne H, so both these
materials will be used. Teflon will find applicability as the lining in tlexible tubing and as trim in selected fuel systen

components. Nylon, of ccurse is the fabric reinforcemant for the compasite bladder materia >

Silicone rubber will not be used where it might be wet with fuel, a direct result of the limited-tiine
fuel immersion tests. EPT, being incompatible with Shelldyne H, will not be used.

36
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APPENDIX A

IMMERSION TEST RESULTS FOR METALS
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Table A.1. Immersion Test Results for 4130 Steel.

o T
B o

. s E
! Storage 0.2 Percont |
E Temperature Tensile Strength Yield S Modulus ;
: CF) DaysinT. ° (psi x 10°3) (psi x 10°3) (psi x 106
% .
f 70° 40 708 - 244
; 725 -~ 228
P
159 68.7 453 29.7
£8.4 421 308
) Average 70.1 437 280
70 40 720 - 2838
72.1 - 25.1
159 703 337 %03
68.4 426 263
Average 70.7 412 276
. 160 40 73.7 - 320
] 76.6 - 30.1
69 700 429 246
68.6 41.7 256
96 69.6 445 28.1
70.8 419 276
159 . 6ta s 278
6722 413 4
Averaye 705 424 | 280
e - i - g

AControl samples not immersed in Shalldyne H.




Table A.2. Immersion Test Results for 4130 Steel (Cadmium Plated).

0.2 Parcant
Tenvparsture { Tensile Strength Yieid Strength Modulus
Days in Tost (pei x 163} lpsi 2 10°3) {psi x 10°6;
26 69.4 - 303
72.1 - 29.7
145 65.2 624 28.1
68.0 400 R
T

Avsrage 68.9 412 30.9
26 822 - 255
i 630 - 255
145 857 47 38.1

| 672 ~ -

i

Average H 548 417 30.1
28 57.0 - 315
628 - 319
_ 58 8.2 45.0 319
‘ §5.1 B 218
; 17 625 08 | 3|34

54.6 392 ; -

1

M §7.0 415 ; -

6.3 411 r -
i Avarage 652 494 220

i

2Contro! samples not immersed in Shelidvie M.
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Table A.3. Immersion Test Results for 321 Stainless Steel.

Storage 0.2 Percent
Temperature Tensile Strength Yield Strangth Modulus
°F) Days in Test {psi % 16°3) {osi x 10°3) (psi x 108
70 40 88.4 - -
88.4 - -
159 776 31.2 253
768 28.8 25.3
Aver~ge 8§28 30.0 253
70 40 86.6 - -
86.8 - -
159 74.2 27.8 -
79.8 27.9 235
Average 819 279 235
180 40 310 - 26.3
89.1 - 311
65 - 29.1 27.7
80.0 27.6 284
96 753 278 22.8
746 28.1 225
15¢ 78.4 30.0 224
769 29.4 -
Average 795 28.7 259

3Control amples not immersed in Shelldyne K.
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Table A.4.

Immersion Test Results for 14-8 Stainless Steel.

Storage 0.2 Percent
Temperature Tensile Strength Yield Strength Moduius
°F) Days in Test {psi x 10°3) (psi x 10-3) {psi x 106

70? 47 1324 - 36.6
123.5 - 332
166 126.7 53.3 320
126.3 53.3 375
Average 127.2 53.3 34.8
70 47 1371 - 39.6
135.0 — 386
166 129.7 55.2 40.0
125.0 53.3 40.0
Average 131.7 54.3 396

160 47 139.3 - 41.1
134.6 - 36.2
76 133.7 520 36.7
128.7 53.2 319

138 129.8 54.8 -
133.7 54.7 29.3
166 127.7 55.0 33.3
129.0 56.0 36.0
l Average 132.1 54.3 34.9

3Contro. samples not immersed in Shelldyne H.




MR AT RS m

N

e A LR N

Table A.5. Immersion Test Results for 7075 Aluminum.

Storage 0.2 Percent
Temperature Tensile Strength Yieid Strength Moduius
(°F) Days in Test (psi x 10°3) (psi x 103} (psi x 10°6)

70° 37 73.0 - -
82.7 - -
64 73.0 55.4 -

154 789 65.1 18.6

758 59.7 16.7

Average 76.7 60.1 17.7
70 37 82.7 - -
82.1 - -

154 75.7 64.3 19.7

779 67.6 244

Average 796 66.0 221
160 37 844 - -
85.1 - -

64 749 €4.5 10.3

76.5 64.9 13.8

21 70.0 61.3 16.0

76.1 63.3 17.8

154 74.5 61.3 124

74.2 61.1 13.7

Average 77.0 62.7 14.0

3Contro! samiples not immersed in Shelidyne H.




Table A.6. Immersion Test Results for 6061 Aluminum.

Storage 0.2 Percent
Temperature Tensile Strength Yield Strength Modulus
°F) Days in Test (psi x 10-3) (psi x 10-3) (psi x 10°6)

70 48 47.7 - ~
50.4 - -

75 40.3 35.1 128

455 40.6 213

165 433 394 17.0

430 38.8 17.9

Average 45.0 38.5 17.3
70 46 418 - -
45.2 - -

168 424 394 16.7

421 38.2 19.7

Average 429 388 18.2
160 46 37.7 - -
36.8 - -

75 439 38.8 133

44.4 400 14.4

137 42.7 394 18.2

426 364 17.4

165 426 400 20.6

43.0 40.6 218

Average 417 349.7 176

3Control samples not immersed in Shelldyne H.




Table A.7. Immersion Test Results for Titanium
{€ Aluminum-4 Vanadium).
Storage 0.2 Percent
Temperature Tensile Strength Yield Strength Modulus
°F) Days in Test (psi x 10-3) {psi x 10°3) (psi x 10°6)
708 61 166.8 - -
166.0 - -
180 167.7 156.0 us
17,0 158.3 310
Average 168.4 187.2 329
70 61 163.9 - -
1635 - -
180 169.3 154.0 317
167.0 153.3 30.0
Average 165.9 153.7 339
160 61 164.5 - -
164.5 - -
90 166.1 148.4 329
- 146.8 27.1
117 164.0 143.1 36.0
160.4 139.2 354
180 168.3 152.7 36.0
167.7 150.0 347
Average 185.1 146.7 337

dControl samples not immersed in Shelldyne H.




'able A.8. Immersion Test Results for Titanium (5 Aluminum-2.5 Tin).

e

Storage 0.2 Percent
Temperature Tensile Strength Yield Strength Modulus
CF) Days in Test (psi x 10°3) (psi x 10-3) ipsi x 10°6)
o
70 46 1385 - 231
1310 -~ 195
188 140.8 1194 41.1
1414 127.8 37¢
Average 1379 123.6 30.3
70 45 1378 - 22.2
1370 - 254
165 140.8 118.1 328
1359 1141 32.2
Average 1379 116.1 28.2
160 46 137.8 - 19.6
134.7 - 203
75 146.5 124.4 34.7
1339 111.8 29.7
137 140.3 118.1 30.0
138.6 116.0 30.2
165 146.3 122.0 311
140.8 116.8 29.2
Average 139.9 118.2 281

3Control samples not immersed in Shelldyne H.

AL L AR A o S R, R e




APPENDIX B

IMMERSION TEST RESULTS FOR NONMETALS
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DOCUMENT CONTROL DATA-R & D
(Bocurily cleasitioation of title, bedy of abetsaci and indesing snnewtien must ko snteesd when Kw sescall
1. ORIGINATING ACTIVITY ¢ ) s REPORT SACURITY CLAMIFICATION
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' A 7-month compatibility effort was conducted or materals petentially useful in ramjet fuel systems
using the dense hydrocarpon fuel RJ-5 (Shelldyne H). The results of this work were used to select materials for a
full-scale fuei system simulator to be tested in the remainder of this program.

The candidate materiais included eight metals and eight nonmetaliic materials. Immersion tests were
congucted on all materigls at both room temperature and at 1607 F, with the specimens evaluated by changes in
appeatance, volume, weghit, tensile properties, and hardness,

Additional compatibility tests were cunducted under a hugh shear environment typical of ramjet
tutbopumps and under vibrational and tlexing loads typical of aucraft cartiage and masiie light. For these tests, the
mualerials were kept in contact with Lot Shelldyne H.

Candidate bladder materuls were subjected to hot pressurant gases trom solsd-propeliant gas generators,
wittle 1 contact with fuel in a umulsted fuel cell. Low temperature mechasucal properties were deteruned for these
clastomers.

Nosie of the eght medals (twe steeh, two stariess steels, two glutunums, and two Ltarpen have
shown aay effect of contact with Shelidyac H. The fuel tank matenial seiccted was 4130 sicel, from conuderations
of compatthibity, case of fabocation, and cost. Steels, stasniess ateels, and alunununis wers selected tor other
compurenits of the simulator,

The bladder putenal chosen was a Viton/Nomex compostte, om cansiderations of fuel compaiidgity
and hot pressunzng gas compaubility s expected that this matenal will be suitable for fow temperatur
opcration, byt allemate materais and composites may be tested . the imulatin. Viton was selected as tine pumary
wal and O-rng matoral, with e also (o be tested. Nyion and Teflon, both compatible with Shelidyne B, will be
uwd, where applicabic, for components ol the nmulat

Nitride and aslicone rubbers were shown o absorb o sgatlcent amount 4 fuel, mwell and Jose tenule
strength as @ result of g rgon. A nitnde nylon cumsonte matersal ded absorb foe! and swel], but s tensiic
properties were not degraded. bthylene propyience terpolymer was mcompatible wih Shelidyne H.
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