/" AD-A111 046

UNCLASSIFIED

SOUTHWEST RESEARCH INST SAN ANTONIO TX ENERSY SYSTEM=~ETC F/§ 21/4
IMPACT STUDY OF SYNTHETIC AND ALTERNATIVE FUEL USAGE IN ARMY AI==ETC{U)
JUL 81 C A MOSESs M L VALTIERRA N00140=80-C~2269
SWRI-MED134% NL







v e o
UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO| 3. RECIPIENT'S CATALOG NUMBER
I
Ny
MED134 A-A11) 046
4. TITLE (and Subtitle; 5. TYPE OF REPORT & PERIQD COVERED

IMPACT STUDY OF SYNTHETIC AND ALTERNATIVE FUEL| October 1980 - June 1981
USAGE IN ARMY AIRCRAFT PROPULSION SYSTEMS FINAL REPORT

6. PERFORMING ORG. REPORYT NUMBER

i - MED1I34

7. AUTHORY/s) 8. CONTRACT OR GRANT NUMBERY(s/

C.A. Moses, PhD

M.L. Valtierra N00140-80-C-2269

9. PERFORMING ORGANIZATION NAME AND ADDRESSES 10. PROGRAM ELEMENT PROJECT, TASK
Southwest Research Institute AREA & WORK UNIT NUMBE RS
Post Office Drawer 28510
San Antonio, Texas 78284

11. CONTROLLING OF FICE NAME AND ADDRESS 12. REPORT DATE
Naval Air Propulsion Center July 1981
1440 Parkway Avenue 13. NUMBER OF PAGES
Trenton, N.J, 08628 165
14. MONITORING AGENCY NAME & ADDRESS 15. SECURITY CLASS. (of this report)
vt different from Controdling Officed
U.S. Army Mobility Equipment Research and UNCLASSIFIED
bevelcopment Command 15a. DECLASSIFICATION/DOWNGRADING
Energy and Water Resources Laboratory SCHEDULE

Ft. Belvoir, Virginig 22060

16. DISTRIBUTION STATEMENT (of tinr Report)

Approved for public release; distribution unlimited,

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18 SUPPLEMENTARY NOTES
This project was performed for its Naval Air Propulsion Center with funds
provided by U,S. Army Mobility Research and Development Command

19 KEY WORODS «Conrotue on reverse side 1f necessary and tdentifv by hlock number) Fuel hy—drogen content
Aircraft fuels Engine fuel system performance Fuel aromatic content
Alternate fuels Aircraft fuel system durability Fuel thermal stability
Gas turbine engines Hot-section durability Fuel viscosity

Engine performance Elastomer Compatibility Fuel lubricity

20. ABSTRACT (Continue on re crse sude if necessary and identify by block number)

The U.S. Army is concerned about the quality of future aircraft fuels and
their compatibility with current engines and aircraft fuel systems. This
impact study of synthetic and alternate fuel usage on Army aircraft propulsion
and fuel systems addresses four technical areas:

-

1. the fuel scenario for Army aviation gas turbine fuels y

DD FORM 1473 EDITION OF 1 NOV 65 1S OBSOLETE

VIAN 73 UNCLASSIFIED ;
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entere.




P

SECURITY CLASSIFICATION OF THIS PAGE (When Data Enrt.red[

20. Abstract (Cont'd)
- 2} the effects of initial properties or the performance ana durability of
’ ngine and fuel system components
/13) _the identification of engines and fuel system components used in Army
“aircraft and their interface with the fuel | = s
/"4§ a review of qualification and certification procedures.
Ny
//
[ Y
]
i
UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entﬂ?dl

ettt e e e




FOREWORD

This work was conducted during the period October 1980 through
June 1981 under Contract No. NOO140-80-C-2269 to the U.S. Naval Air

Propulsion Center, Trenton, N.J., with monies MIPR'd from the U.S.

Army Mobility Equipment Reseach and Develoment Command, Energy and

Water Resources Laboratory, Fort Belvoir, Va. The USAMERADCOM

technical monitor was Mr. J. V. Mengenhauser and the NAPC technical

monitor was Mr. P. A, Karpovich.

114

)
"-L\ i b |
L) N oo
. e —————
H ' 1 . / -
!
(e Tates

| AR «
{ v.o Lk and,




II.

III.

Iv.

TABLE OF CONTENTS

INTRODUCTION. & & & o o ¢ o o o o s o o o o s o o o o o o o
FUELS FOR ARMY AVIATION GAS TURBINE ENGINES . . . . . . . . . .

A. JP~4. . . . . T
B. Jp-5, JP-8, Jet A C e e e e e e e e e e e e e e e

IMPACT OF FULL PROPERTIES ON ARMY AIRCRAFT SYSTEMS. . . . . . .

Hydrogen Content. . . . « « o &+ o« ¢ o o« o s o o o &« o & o s
Hydrocarbon Composition . . . . . « ¢« « « ¢ o ¢« o & o« &
Viscosity and Volatility. . « « . ¢ & ¢ ¢« o o & ¢ « & &
Lubricity o v v o v v 4 v o v e a s e e e e e e e e e e e
Thermal Stablllty st s e s e s e e e e e e s e e e e e e
Summary . . . . P

HEHO Ow

ARMY AIRCRAFT ENGINES AND FUEL SYSTEMS. . . . . . . . .

A. Army Aircraft . . . . e e e e e e e e e e
B. Army Aircraft Fuel Systems e e e e e e e e e e .

H=1 Fuel System . . + « « « ¢« « o o o s o o o o @

H-6 Fuel System .

H-47 Fuel System. . . . « « v o « o o s+ o o « &

H-54 Fuel System. « + « « + o + ¢ ¢ o « o « o« &

H-58 Fuel System. . . « « o « o+ o o« o o o o o & o o« &
H~60 Fuel SysStem. . o+ « « o & o ¢ o o« o o o o o« o o
H-64 Fuel SysStem. « + « + o o s+ o o o o« o o o o o s «
C~12 Fuel System. . . « + « & & o o o « o o o s o o o »
OV-1 Fuel SysStem. . . + + « o « o o o s o s o s o o o
U~21 Fuel System. . . + « o « o o o o o o o

UV-18 Fuel System . . . « o « ¢ & ¢ « & o o« &

HOWROSNNNWP,WN =
s s s e e e o s e s«

— —

C. Airframe Fuel System Components . . . « « « « + o o« &

Self-sealing Hoses. . . + « &+ v ¢« ¢ ¢ ¢ ¢ o o« o o o o &
Gate Valve, Motorized . e e e e

Check Valve, Poppet . . « « « « « « « &+

Check Valve, Swing/Flapper.

Closed~Circuit Receivers. . . . « . . . .

Electric Fuel Pumps . . . . e e e

Self-sealing Breakaway Valves .

Drain Valve, Poppet . . . . . . . . .

Vent Valve, Poppet. C e e e e e e e e e e

10. Fuel Tank Cover Gasket. . . . . . « ¢« v ¢« « « & .

11. Shutoff Valves. + v « + « ¢« v ¢« v o & o o o s o o« o o s
12, Fuel Cell Bladders. . . + « v ¢ v ¢ v ¢ ¢« o o o s o « &

VO~V S WRN —

w

12

12
23
32
36
38
40

41




1 o p—

Table of Contents {Cout'd.)

VI.

VII.

G.

QUALIFICATION PROCEDURES FOR ENGINE AND

A.
B.

SUMMARY

Potential Fuel Sensitive Areas - Engine Components.

NN -

T53 Fuel Control. . . . . . . . .
T55-L-11A Fuel Control. . . . . .
T63-700/-720 Fuel Control . . . .
T55-7C Fuel Pump. . . . . + « + &
T55-L-11A/-11D Fuel Pump. . . . .

Potential Fuel Sensitive Areas - Auxiliary Power Units.
Non-metallic Materials Used in Fuel-wetted Systems.

.

NOWnE W~

Buna N. . . « « ¢« « + + v ¢ o « @
Fluorosilicone. . . . . . . . . .
Teflon. « ¢« ¢ ¢ & ¢ o« 4 v o o « &
Nylon « « v ¢ ¢ ¢ ¢ ¢« o v o o o &
Silicone. . « « v ¢ o ¢« 4 W o . .
Epoxy, Fibers, Dyallyl phthalate,
Fluorocarbon. . . « « . & « « . .

SUMMATY . & &+ &« « o o o ¢ o o o o & o

Engine Qualification. . . . . . . . .
Fuel System Component Qualification .

RECOMMENDATIONS . . . . « . « . . « . . .

REFERENCES. . . . . « ¢« « « ¢« « v o « .+ W

APPENDICES

FUEL SYSTEM

s s e o s e @

Delrin, and Vespel.

¢« » e e s & e

Airframe Fuel-wetted System Components. . . . .
Engine Fuel-wetted System Components. . . . . .
Auxiliary Power Unit Fuel-wetted Components . . . .

Personnel Contacted From Airframe, Engine, Auxiliary

Power Unit, and Component Manufacturers . . . . . .

77

78

79
82

87

89

90

A-1

c-1




LIST OF ILLUSTRATIONS

FIGURE Page

1 EFFECT OF HYDROGEN CONTENT ON T63 COMBUSTOR LINER

TEMPERATURES. . . ¢ & & ¢ v ¢ ¢ v ¢ o o s o o 6 o o o o o o o o 14
2 EFFECT OF FUEL HYDROGEN CONTENT ON INNER LINER

TEMPERATURE RISE: J79-17A. . . « v & ¢ ¢ ¢ o« o o o v o o o o @ 15
3 LINER TEMPERATURE RISE CORRELATION. . . . + ¢ ¢ o &« « o o o & o 18
4 COMPARISON OF ANALYTICAL METHODOLOGIES TO PREDICT THE

EFFECTS OF FUEL HYDROGEN CONTENT ON COMBUSTOR LINER LIFE. . . . 20
5 PREDICTIONS OF THE EFFECT OF FUEL HYDROGEN CONTENT ON THE

COMBUSTOR LINER LIFE OF ARMY AIRCRAFT TURBINE ENGINES . . . . . 21
6 RELATIVE MISSION LIFE OF COMBUSTOR LINERS ON FUELS OF

REDUCED HYDROGEN CONTENT. . . &« & ¢ & ¢ « = o « = o o o o o s 24
7 EFFECTS OF AROMATIC TYPE AND SULFUR ON VOLUME SWELL

OF ELASTOMERS . . « . v v 4 v 4 4 o ¢ o & o o o o o o o o s o« 29

‘ 8 EFFECT OF AROMATICS ON VOLUME SWELL ON BUNA N ELASTOMERS. . . . 30

9 AH-1G FUEL SYSTEM SCHEMATIC . . .+ « ¢ v &+ ¢+ ¢ « o o o « o s o 45
10 OH6A FUEL SYSTEM SCHEMATIC. « + « « &+ ¢ o o o o o o o o o o o s 47
11 UH-60A FUEL SYSTEM SCHEMATIC. . . ¢ v & « &+ o o« o o o o o o o 51
12 UH-60A RANGE EXTENSION KIT FUEL SYSTEM SCHEMATIC. . . . . . . . 53
13 C-12 FUEL SYSTEM SCHEMATIC. . . v v v v 4 4 o o o « o o o o o« « 55
14 RU/U-21 FUEL SYSTEM SCHEMATIC . . &« v + « v « « o « v o« « o o &« 58
15 EXAMPLE OF VENT VALVE USED ON UH-60A. . . . . . « . ¢« + « « « & 65
16 FUELING/DEFUELING VALVE USED ON THE UH-60A FUEL SYSTEM. . . . . 66
17 EFFECT OF IMMERSION TIME IN PHYSICAL PROPERTIES OF HIGH AND

LOW ACRILONITRILE RUBBERS (BUNA N). . v &+ ¢« ¢ o o o o o & o o & 84

3




Table

10
11
12
13

14

LIST OF TABLES

JET FUEL SPECTFICATIONS., . . . .

SUMMARIZED DATA FOR GRADE JP-4 MILITARY AVIATION TURBINE

FUELS. . & v ¢ ¢« ¢ o o« o o o o v o o o @

SUMMARIZED DATA FOR GRADE JP-5 MILITARY AVIATION TURBINE

FUELS. . . ¢ ¢ « v v o o « o &

-

SUMMARIZED DATA FOR GRADE JET-A COMMERCIAL JET FUELS .

FUEL PROPERTY TRENDS RELATIVE TO CURRENT PETROLEUM JP-4.

COMPARISON OF HYDROGEN CONTENT EFFECTS ON PREDICTED LINER

LIFE FROM VARIOUS AIR FORCE STUDIES. . .

.

TYPICAL OVERHAUL LIFE OF ARMY AIRCRAFT TURBINE ENGINES .

ELASTOMER USAGE IN AIRCRAFT FUEL SYSTEMS .

.

SUMMARY OF VISCOSITY AND VOLATILITY DATA FOR JET FUELS .

VISCOSITY LIMITS FOR COLD-DAY IGNITION .

SUMMARY OF ARMY HELICOPTER COLD START TESTS.

SUMMARY OF AVERAGE JET FUEL JFTOF DATA, 1970-1980.

ARMY ATRCRAFT, ENGINES, AND APU'S.

TEMPERATURE CLASSIFICATION AND SOAK TESTS FOR FUEL SYSTEM

COMPONENT QUALIFICATION.

.

.

-

11

17

22

25

33

35

37

39

42

85




I. INTRODUCTION

Uncertainties about the future production and supply of jet fuels
has caused the U.S. Army, as well as other organizations responsible for
aviation fuel logistics and specificatfons, to develop contingency
solutions to the problems of obtaining adequate supplies of jet fuel. A
major problem is the assurance that future fuels will be compatible with

current engines and aircraft fuel systems.

Southwest Research Institute (SwRI), under contract to the U.S. Army
Mobility Research and Development Command (MERADCOM), has conducted an
impact study of synthetic and alternate fuel usage on Army aircraft

propulsion and fuel systems. The study addressed four technical areas:

1. The fuel scenario for Army aviation gas turbine fuels.

2. The effects that critical fuel properties have on the performance

and/or durability of engine and fuel-system components.

3. The identification of engines and fuel system components used in

Army aircraft and their interface with the fuel.

4. A review and compilation of qualification and certification

procedures for the above systems.

This study was conducted with the assistance of personnel from the
U.S. Army Aviation Research and Development Command (AVRADCOM) in St.
Louis, Missouri. Many of the contacts at the airframe companies were
supplied by them as well as most of the identification of the fuel system
components and potential areas of fuel sensitivity. Personnel at the
Corpus Christi Army Depot (CCAD) were helpful in identifying curreat

maintenance problems with engine and airframe fuel system components




thereby also suggesting potential problem areas. Much of the technical
information was developed during a recent SwRI study on the development
of an "Alternate Test Procedure to Qualify New Fuels.For Navy
Aircraft.” (1) That study concentrated on JP-5 type fuels with DFM as an
emergency fuel whereas this repurt primarily addresses the impact of JP-4
and JP-5 on Army aircraft. The projections of JP-4 properties, whether
derived from petroleum or shale oil, was obtained primarily from the Air
Force Aero Propulsion Laboratory which has the responsibility for that
fuel specification. The projections on JP-5 properties came from the

aforementioned SwRI study for the Navy.

-t -




II. FUELS FOR ARMY AVIATION GAS TURBINE ENGINES

The gas turbine engines used in Army aircraft were designed to
operate on JP-4 type fuels (MIL-T-5624) as the "primary fuel™ and JP-5
(also MIL-T-5624), JP-8 (MIL~T-83133), and Jet-A (ASTM DI1655) as
"alternative fuels.” (2) No "emergency fuels” are defined for Army

ailrcraft.

Table 1 summarizes the specifications for these fuels. Tables 2, 3,
and 4 summarize the average properties for JP-4, JP-5, and Jet-A for the
last eleven years as compiled by the Bartlesville Energy Technology
Center of the U.S. Department of Energy; JP-8 is not included because it
is not produced in the United States. (3)

The remaining discussion in this chapter will address the

anticipated changes in jet fuel properties on which the impact studies
will be based.

A. Jp-4

The JP-4 specification is not controlled by the Army - it 1is the
responsibility of the Air Force. Discussions were held with personnel of
the Fuels Branch of the Aero-Propulsion Laboratory at Wright Patterson
Air Force Base and the following conclusions were made about JP-4: (4)

JP-4 to JP~8 Conversion

JP-4 will continue to be the primary fuel in CONUS for reasons of
cost and availabiliry.

JP-8 is used exclusively in the United Kingdom.




Table 1. Jet Fuel Specifications
Fuel
Requirements Grade JP-4 Grade JP-5 Jet-A

Color, Saybolt 1/% 17 -
Total acid number, mg KOH/g, max B.015 3.015 0.1
Aromatics,vol percent, max 25.0 25.0 20
Olefins, vol percent max 5.0 5.0 -
Mercaptan sulfur, weight percent, max 2/ 0.001 0.001 0.002
Sulfur, total weight perceat, max 0.40 0.40 0.30
Distillation temperature, deg C,
° (D 2887 limits in parentheses)

Initial boiling pofnt 1/ Ry -

10 percent recovered, max temp 1/ 205(185) 204.4

20 percent recovered, max temp Ta5¢130) 2Y) -

50 percent recovered, max temp 190(185) 1/ report

90 percent recovered, max temp 245(250) I/ report

End point, max temp 270(320) 290(320) 300

Residue, vol percent, max (for D 86) t.5 1.5 1.5

Loss, vol percent, max (for D 86) 1.5 1.5 1.5
Explosiveness percent, max - 50 -
Flash poiant, deg C (deg F), min - 60(140) 38(100)
Density, kg/l, min (°API, max) at 15°C 0.751(57.0) 0.788(48.0) 0.7753(51.0)
Density, kg/l, max (°APIl, min) at 15°C 0.802 (45.0) 0.845(36.0) 0.8398(37.0)
Vapor pressure, 37.8°C (100°F) kPa (psi), min 14(2.0) ~ -
Vapor pressure, 37.8°C (100°F) kPa (psi), max 21 (3.0) ~ -
Freezing point, deg C (deg F), max -58(=-72) =46(~51) -40(-40)
Viscosity, at -20°C, max centistokes - 8.5 12/ 8.0
Heating value, Aniline-gravity product, 5,250 4,500

min, or Net heat of combustion,

MJ/kg (Btu/1lb) min 42.8(18,400) 42.6(18,300) 42.8(18,400)
Hydrogen content, wt percent, min or 13.6 13.5

Smoke point, mm, min 20.0 19.0 25(20 with 3% Naph.)
Copper strip corrosion, 2 hr at 100°C

1212°F) max 1b 1b No. 1
Thermal stabflicy:

Change in pressure drop, mm of Hg., max 25 25 25

Preheater deposit code, less than 3 3 3
Existent gum, mg/100 ml, max 7.0 7.0 7
Particulate matter, mg/liter, max 1.0 1.0 -
Filtration time, minutes, max 15 - -
Water reaction

Interface rating, max 1b 1b 13
Water separation fndex, modified, min _1_0_/ 85 -
Fuel system icing inhibitor, vol

percent min 0.10 0.10 -
Fuel icing {nhibitor, vol

percent max 0.15% 0.15 -
Fuel electrical conductivity, pS/m,

allowable range 200~600 _1_3/ -
*Pootnotes not {ncluded here
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The decision to convert to JP~8 in NATO Europe has been delayed
pending a study on cost and availability but could be made at any

time.

JP-4 Fuel Properties

There are currently no refinery pressures to change the JP-4
specification to increase the availability of JP-4 derived from
petroleun.

Relaxing the freeze-point limit could increase the availability of
JP-4 1f the demand were greater than the supply but only at the
expense of other kerosene-based jet fuel. (5)

P-4 from Shale 0il

The properties of JP-4 derived from ghale oll are process dependent.

In general they contain more normal parraffins which makes it

difficult to meet the freeze point limit.

The levels of hydroprocessing necessary to remove the nitrogen and
hydrocracking to increase the JP~4 yield is sufficient to produce a
fuel with 5 to 10% aromatics and a hydrogen content well in excess
of the specification limit of 13.6%.

JP-4 fuels over the next twenty years or so are therefore not likely
to be significantly different from the JP-4 fuels used today with the

following exceptions:

The aromatic content might be lower for shale-oil derived fuel.

12




° Lubricity improvers may be used to restore the natural lubricity

removed by the hydroprocessing.

B. JP-5, JP-8, Jet-A

Currently these kerosene jet fuels differ from JP-4 primarily in a
higher viscosity and a higher flash point (lower volatility or vapor
pressure) with JP-5 having the highest flash point and generally a higher
viscosity. They also tend to have higher aromatic contents but are
within the JP-4 specification. Unlike JP-4, there are pressures to
change the JP-5 fuel specification to improve availability in some
producing regions. The scenarios and projections for changes in JP-5
were addressed in depth in a recent report conducted by Southwest
Research Institute for the Naval Air Propulsion Center (NAPC). (1) The
commercial Jet-A fuel specification is essentially the same as JP-8
except that JP-8 allows 257 aromatics rather than 20 but requires a lower
frecze point. The pressures to change the Jet-A specification are less
than that for JP-5 so only JP-5 will be discussed here as a worst case

for "alternate fuels.” The NAPC study considered the following potential
property changes in JP~5 as important to aircraft performance and

durability:

° Increased aromatics
® Decreased hydrogen content
e Decreased lubricity

Other property changes such as viscosity and thermal stabhility were

addressed primarily for emergency fuels.
The higher aromatics expected in petroleum-derived JP-5 give the

fuel a lower hydrogen content. When JP-5 1s produced from shale oil,

less hydroprocessing is done so the product would not have the same high

13




hydrogen content expected in JP~4 from shale oil. The average molecular
weight of the aromatics found in JP~5 (and JP-8/Jet~A) is higher than
that of JP~4. The higher molecular weight aromatics are thought to have
less solvent action on elastomers and therefore are tolerable 1in higher

concentrations.

Extra processing used to increase the hydrogen content or remove
sulfur during refining act to reduce the natural lubricity of the fuel.
Lubricity improving additives are available but the Navy does not like to
use them as they reduce the water separometer number, i.e., the ability
to separate water from the fuel on-board ship. The development of a

lubricity specification is being considered for JP-5.

Summarz

The projected trends in the properties of fuels which the Army might
use relative to that of current JP~4 is summarized in Table 5. JP-8 and
Jet-A were not included but are expected to follow the trends of JP-5
only to a lesser degree. These properties will be the basis of the fuel
impact studies addressed in the remainder of this report.

14
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III. IMPACT OF FUEL PROPERTIES ON ARMY AIRCRAFT SYSTEMS

The impact areas assoclated with the critical fuel properties

identified in the previous discussion are given below:

Fuel Property Area of Impact
Hydrogen content Hot section durability
Hydrocarbon composition Elastomer compatibility
Viscosity/volatility Cold day ignition limits
Lubricity Pump and fuel contxol durability
Thermal stability Flow divider valve/fuel nozzle
degradation

The following discussion addresses each of these impact areas
describing the problem and using existing data to indicate the severity
of the impact to Army equipment.

A. HYDROGEN CONTENT

Hydrogen content has been shown in a number of research and engine
combustor studies to be the fuel property most directly related to the
burning quality, i.e., soot production, of the fuel. (6-15) Fuels with
lower hydrogen content therefore burn with a more luminous flame, and
this higher flame radiation increases the heat load to the combustor
liner resulting in higher liner temperatures. One of the primary failure
modes of hot section parts is low-cycle thermal fatigue (LCF). Each time
the metal parts are cycled through their temperature extremes, thermal
stresses are bullt up and relaxed. The combustor liner is designed to
withstand a certain number of such cycles before fatigue cracks are
initiated and begin to propagate. As the maximum liner temperatures
increase, for example by increased flame radiation, this cycle life is

decreased. LCF i3 almost always the life-limiting faflure mode according

16




to the engine manufacturers unless there are unusal design problems; LCF

is the only one that is significantly affected by fuel properties.

No test data were found which quantitatively relate changes in fuel
properties, or even liner temperature, to liner durability. Recent Air
Force engine combustor studies at General Electric and Allison have
included the effects of fuel properties on liner temperatures; from the
liner temperature data, life analyses have been made using computer
models. The engines included in these programs were the J79-17A (high
smoke) (9), J79-17C (low smoke) (10), F101 (11), and TF4l (16) plus the
TF34 and J85 which have not been reported at the time of this writing.
No extensive engine or combustor testing has been done on any Army
engines except for some T63 combustor work done by the Army Fuels and
Lubricants Research Laboratory (AFLRL). (13)

Figure 1 shows the effect of hydrogen content on T63 liner
temperatures at four different positions on the combustor. The data was
taken at the full-power condition which is the case for highest flame
radiation. The temperatures get progessively higher towards the
combustor exit; however, the greatest sensitivity to hydrogen content is

found at the primary zone where flame luminosity is the greatest.

Figure 2 shows an example of liner temperature data taken from the
Air Force J79-17A study. These temperatures are all taken at the primary
zone. The fuels represent variations on JP-4 and JP-8 type fuels and a
diesel fuel. The variation at constant hydrogen content are basically
whether or not polycyclic aromatics (naphthalenes) are present in the
fuel. There is quite a bit of data scatter at the idle condition due to
vaporization and mixing characteristics but very little at takeoff and
dash which are the important conditions for flame radfation and LCF. The
average temperatures show much less sensitivity than the peak
temperatures, but some of the thermocouples are evidently in regions not

affected by flame radiation (high convective cooling).

17
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Table 6 summarizes the results on life analysis from the four Air
Force engine studies. 1In the analyses the life-limiting region was
determined, and then the temperature changes in that region were used to
predict 1life reduction. The TF41 does not exhibit a life-ratio
dependency because the life-limiting region is in the transition duct
between the burner can and the turbine inlet nozzles; this section is
subject to hot-streaking and burnout, a problem not related to hydrogen

content.

Blazowski has developed a non-dimensional temperature parameter that
is quite effective in normalizing the differences between a number of

combustor designs.(12) The parameter, defined below, assumes

Tiiner (test fuel) _ Ty .0 (ref. fuel)

Tyiner (ref. fuel) _ Ty (inlet air)

that as fuels of different hydrogen content a° used, the basic flame
structure and combustor flow patterns remain constant and that any

changes in liner temperature are due to changes Iin radiant heat traunsfer.

Figure 3 shows the effectiveness of this parameter for five
different combustors. All of these combustors are of the older, rich
primary zone type. A few newer lean-burning clean combustors, not shown,
have been found to have significantly less sensitivity presumably because
they are designed to produce relatively little soot. All of the Army's
engines except for the T700 have rich primary zones and, for lack of any
other data, the correlation line A shown in Figure 3 is recommended.
General Electric estimates that line B shown in Figure 3 can be used for

the T700 until such time as test data is available.
As part of the recent Navy ATP study, General Electric personnel

developed a simplified methodology for predicting the effects of fuel

hydrogen content on life ratio that can be used for combustors where only

20




TABLE

6. Comparison of Hydrogen Content Effects on Predicted
Liner Life from Various Air Force Studies

Hydrogen J-79~-17A J79-17C F101 TF41
Content (ref. 9 ) (ref.10) (ref. 11) (ref. 16)
(H) AT* LR** AT LR AT LR AT LR~
14.5 (current JP 4) 0 1.00 0 1.00 0 1.00 0 1.00
14.0 (current JP8) 11 0.78 8 0.93 12 0.72 0 1.00
13.0 (ERBS, DF2) 33 0.52 16 0.83 36 0.52 0 1.00
12.0 55 0.35 24 0.74 60 0.47 0 1.00

* AT = Temperature change in life limiting region =

*% TR =

Life ratio =

Life (H

ife (1

S

o

5)
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limited liner-temperature data are avallable. (1) It makes use of
assumed liner-temperature effects of hydrogen, e.g., the Blazowski
parameter of Figure 3, combined with material stress/cycle-life data,
combustor overhaul times, and mission profiles, i.e., thermal cycles per
hour, to predict new temperatures, stress levels, and finally the reduced
cycle life. Seven General Electric combustors were analyzed with this
methodology including the T700 which the Navy plans on using. Figure 4
shows the predictions for the T700. Also shown are comparisons of the
results from simplified methodology and the extensive computer analyses
for the J79~17A and J79-17C engines; this comparison is quite good
considering the stage of development of the new methodology and provides

credibility to the results.

Figure 5 presents the results of the application of this methodology
to predict the effect of reductions in hydrogen content on the life of
Army turbine engines. One major difference is that a hydrogen content of
14.5% was used as the baseline rather than 14.0% reflecting the higher
hydrogen content of a typical JP-4 over that of JP-5. The correlation
line "A" of Figure 3 was used for all of the engines except the T700 for
reasons mentioned above. Table 7 lists the overhaul times for the
combustors to which an arbitrary factor of three was used to estimate the
thermal cycle life. This is obviously an oversimplification since it
assumes all aircraft have the same number of thermal cycles (idle - full
power - idle) per mission hour. This could be improved by using
realistic mission profiles and mission mixes for the different

applications. For this reason the results shown in Figure 5 should be

considered perhaps as a first approximation. Nevertheless, the
significance of reduced-hydrogen-content on low-cycle fatigue life is

obvious.

Another way of considering the results shown in Figure 5 is in terms
of what a mission hour on a reduced hydrogen content fuel is equivalent

to on a 14.5% hydrogen fuel, i.e., if the life of an engine is halved by
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Table 7. Typical Overhaul Life of Army Aircraft Turbine Engines

Combustor Liner Curve Assumed Cycle
Engine Life to Repair on Fig. 3 Life*
T53-13 3600 hours A 10800
T55-11 800 " A 2400
T63 1500 A 4500
T73 4500 A 13500
T74 3500 " A 10500
T700 5000 " B 15000

*Agsumed to be 3 times the overhaul 1life

26
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a 13%Z hydrogen fuel then each mission hour on that fuel must be
equivalent to two mission hours on a 14.5% hydrogen fuel in terms of LCF
life. Figure 6 shows this for the six engines. According to this
methodology, one mission hour of a T73 engine on a 13% hydrogen fuel will
cause the same LCF distress as 7.7 mission hours on a 14.5% hydrogen
fuel; the LCF life of the T700 is much less sensitive and one mission
hour on 13,0%Z hydrogen fuel only causes the same LCF distress as 2.6

missfon hours on 14.5Z hydrogen fuel.

More accurate mission models will improve these predictions and
could be used with current maintenance schedules and costs to predict the
impact of changing fuel specifications. The methodology also shows the
impact on LCF life flying a mission on an alternative fuel of low

hydrogen content.

B. HYDROCARBON COMPOSITION

Composition has been distinguished from hydrogen content in this
study because of the known effects that aromatics have on some kinds of
elastomers. Table 8 summarizes the different types of elastomers found
in aircraft fuel systems - some with unique applications, some wich
multiple applications. There are of course many other kinds of

elastomers which are totally unsuitable for fuel usage.

Jet fuels are typically made up of three hydrocarbon types:
paraffins, cycloparaffins (naphthenes), and aromatics; all other types
are in small concentrations. Future fuels may also contain significant
amounts of unsaturated or partially saturated double-ring compounds,
e.g., decalin and tetralin, as a result of naphthalene hydrotreatment.
Certain contaminants are also important in materials compatibility such

as free sulfur, mercaptan sulfur, polysulfides, and peroxides.
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Table 8. Elastomer Usage in Aircraft Fuel Systems

Application

O-rings and seals

Diaphrams

Hose Lining

Fuel cell inner liners
Bladder repair adhesives
Fuel tank sealants

Groove injection sealants
Fuel tank coatings

Fuel cell foams

Electrical sheet materials

Structural adhesives

29

Elastomer Types Used

Buna-N, Viton, Fluorosilicone, Polysulfide

Neoprene, Fairprene (Buna-N or Nylon),
Fluorosilicone, Impregnated nomex

Buna-N, Teflon

Buna-N, Urethane
(details not available)
Polysulfide
Polysulfide

Buna-N

Polyurethane, Polyether
Polyethylene, Nylon

Various epoxies




The fuel sensitivities of the elastomers listed in Table 8 can range
from "none” to “"significant.” Such gsensitivities are usually due to a
particular fuel component, e.g., aromatics, or a contaminant, e.g.,
sulfur or peroxides. Another general characteristic 1s that each generic
type of elastomer can have a range of formulations depending on the
desirable physical and chemical properties of the elastomer. Buna N
formulations with low acrilonitrile concentrations have excellent low
temperature charac-teristics but are very sensitive to aromatic
hydrocarbon; high acrilonitrile rubbers can be made compatible with 50%
aromatic fuels but lose flexibility below -10°F.

There are a number of properties used to describe fuel

compatibility; the most common are:

Volume swell

Tensile strength
Elongation

Modulus of elasticity

Hardness

Other are used for special applications such as permeability for bladders

and peel strength for adhesives.

The data base on the fuel sensitivity of elastomers is surprisingly
small. The most highly referenced source of information on the fuel
resistance of elastomers among people in the O~ring and seal business,
whether it is the rubber supplier, the fabricator, or the user, is the
Parker O-Ring Handbook. (17) It provides compatibility ratings for
fifteen common elastomers and over 800 fluids. Unfortunately {t is just
that - a compatibility rating and not quantitative data on sensitivities.
Furthermore, this is about all that 1s available from the industry. They
can tell you an elastomer is compatible with a 70/30 blend of iso-octane

and toluene because that is a standard test fluid, or JP-5 because they
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tried it once. They can tell you it passes a particular qualification
test, but, in general they have only qualitative information on the

effects of changing fuel properties.

Reports on two falrly comprehensive studies on the gensitivities of
elastomeric materials to aromatics plus one study on potential problems
with peroxides were discussed extensively in the NAPC ATP report. (1)
One was conducted by the Army Mobility Equipment Research and Development
Command (MERADCOM) for the Naval Air Propulsion Center. (18) Eleven test
fuels consisting of JP-5 from various crude sources, JP-5 with various
additives, and DFM were used to study the fuel sensitivities of four

common O-ring elastomers:

Low-acrilonitrile rubber (Buna N)
High-acrilontrile rubber (Buna N)

Fluorocarbon (Viton)

Fluorosilicone

In addition, five sealant materials, one foam, and a tank coating were

evaluated.

The second study was conducted by the University of Dayton Research

Institute for the Air Force Materials Laboratory. (19) The fuels were

variations of JP-4 at four different aromatic levels (10-45%) and two
sulfur levels (0.1 and 1.0%2); two different aromatic blending stocks were
used, toluene and xylene. Also a JP-4 and a JP-8 made from shale oil
were included for comparison. The elastomers tested represented all of

the non-metallic materials found in aircraft fuel systems.

The study on potential peroxide problems was stimulated by a failure
of a diaphragm in the fuel control of a Navy A~7E aircraft that was
traced to a large concentration (16-32 ppm) of peroxides in the fuel.
Elastomer compatibility tests were conducted at the Naval Air Development
Center (NADC). (20)

y ﬂ




The essence of the Air Force study (19) is shown in Figure 7 which
summarizes the effects of fuels composition on the volume swell in O-ring
elastomers. The "Buna N" is a high-acrilonitrile type, the type with the
greater fuel resistance. Even so it is obvious that aromatics have a
significant effect on Buna N elastomers but relatively minimal on the
others. Buna N is also affected by sulfur and to some extent by aromatic
type with the lower-molecular-weight toluene causing more swell for the
same concentration. The shale-oll JP-4 acted no differently than the
petroleum JP-4, while the shale-oil JP-8 was much less detrimental than a
JP-4 of equivalent aromatic content. The most significant difference
between the JP-8 and the rest of the fuels was that the average carbon
number of the aromatics was 11.0, whereas for the JP-4's it ranged from
8.5 to 8.8. This is consistant with the relative effect shown for xylene

and toluene which have carbon numbers of 8 and 7 respectively.

The effects of different aromatics is further demonstrated in
Figure 8. Here the data for the high-acrylonitrile rubber from the Navy
study 1is superimposed on the Air Force data for the similar rubber.
Notice that about half of the JP-5 data points correlate very well with
the JP-4 data, while the other are less detrimental like the shale-oil
JP-8 was in Figure 7. Not as much detail is available on the composition
of the Navy fuels, but four of the fuels that fall on the line were
blended with xylenes to vary the aromatic content. The other two are
iso-octane/toluene blends. Of the points below the line, one is a DFM,
which would have higher molecular weight aromatics, and another is a
blend of DFM and JP-5. Two others are derived from shale oil differing
only in that one has an anti-corrosion additive so they would have carbon

numbers similar to the JP-8 in the Air Force study.

The tentative conclusion is that lower molecular weight alkyl-
benzenes (single-ring aromatics) cause more swell than those of higher
molecular weight. This conclusion is supported by Air Force experience

that changing from JP-4 to JP~8 sometimes results in leaking fuel system
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components; for example, channel sealants which had swollen 16% with JP-4
and taken some compression set, shrunk back to a 13% swell with JP-8 and
leaks developed. (Z21) Mr. Nadler from the Navy Air Development Center
(NADC) supported this conclusion but said he’d never seen a definitive
data base. (22) The people at Polysar, the major supplier of Buna N, are
also not aware of any data that either supports or disputes this

conclusion. (23)

The significance of this conclusion is this: currently all the
alternative fuels (JP-5, JP-8, and Jet A) are limited in aromatic content
equal to or less than that allowed in the JP-4 specification. There is
pressure to raise the 1limit of the JP-5 specification, but this may be
possible without creating an incompatibility with fuel systems because of
the greater tolerance of the higher molecular weight aromatics.
Furthermore, the Navy would not alter the specification unless it were

compatible with their equipment.

It was also shown that the shale o1l derived fuels did not degrade
the elastomers any more than the petroleum derived fuels. One problem
that did occur in the Air Force conversion program from JP-4 to JP-8 in
the United Kingdom was leaks due to reduced swelling, i.e., shrinkage, of
some channel sealants in wet-wing tanks and some O-rings; these were
easily remedied at forward-level maintenance by injecting more sealant

and tightening down on the O-ring retainers.

Since there is no pressure to change the aromatic limit in JP-4 and
shale~-oil derived JP-4's are expected to be within the current
specification limit, the Army should have no difficulty with materials
compatibility with these fuels do to high aromatic concentrations that
minor maintenance can't handle. JP-4 derived from shale oil may be
significantly lower in aromatics than petroleum JP-4. Whether this would
cause intolerable shrinkage of elastomers is not known. The major

potential problem would be with dynamic seals and unconfined sealants
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which require a certain amount of swell to establish the seal. There 1is
no data available on the effects of alternately using fuels of very high
and very low aromatic content. If this is a problem, the Alr Force will
also experience difficulties and introduce a minimum aromatic level into

the fuel specification.

Thus there is a potential problem for increased impact on elastomers
especially Buna N. Static seals should not cause problems that connot be
handled by minor maintenance e.g. tightening a fitting. Dynamic seals
could be significantly affected as increased swell could lead to
sticking, extrusion, and/or fretting; reduced swell from low aromatics
could cause leakage. Diaphragms are another potential problem area for
which little data exists on degradation. These areas will be identified
in the discussion of fuel-system components. While it is believed the
impact will be small if not negligible, the data base to support this is

insufficient at this time.

C. VISCOSITY AND VOLATILITY

y
3

There is no reason to consider that the viscosity and boiling-point
distribution of JP-4 derived from shale oil will be any different than
JP-4 derived from petroleum, so the greatest impact will come from the
use of the alternative fuels JP-5, JP-8, and Jet A. Table 9 summarizes
average viscosity vapor pressure and flash point data for JP-4, JP-5, and
Jet A for the last eleven years. (3) Of these JP-5 has the highest flash
point and generally slightly higher viscosities and can therefore be

considered as a worst case.

Viscosity and vapor pressure, which is related to flash point, are
the two fuel properties which control the ignition capability of the
engine, i.e., minimum cold day temperature and maximum altitude. Since

i

most of the Army alrcraft are helicopters, the folvlowing discussion will
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Table 9. Summary of Viscosity and Volatility Data for Jet Fuels

Viscosity1 Reid Vapor Pressure? 10%Distillation Point3
Year JP=4 JP-5 Jet-A Jp-4 JP~5 Jet-A JP~-4 JP-5 Jet-A
1970 2,80 10.2 9.45 2.6 - 0.3 212 383 371
1971 2.94 10.2 9.45 2.6 - 0.2 211 380 371
1972 3.0t 10.1 9.38 2.5 - 0.2 215 388 372
1973 2.83 10.5 9.12 2.5 - 0.1 216 387 369
1974 2.68 10.5 9.21 2.5 - - 214 389 369
1975 2.20 9.0 9.22 2.5 - 0.2 211 388 370
1976 2.40 10.2 9.32 2.6 - 0.2 215 390 371
1977 2.40 9.7 9.4 2.6 - 0.2 211 385 370
1978 - 7.1 9.2 2.6 - - 209 390 374
1979 - 10.4 8.8 2.5 - - 208 387 375
1980 - - 8.78 2.6 - - 211 381 375

1. Viscosity @ -30°F, cSt
2. Reid Vapor Pressure, 1lb

3. Temperature for 10% recovered, °F
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be concerned with cold start rather than altitude relight. The problem
of ignition is getting sufficient fuel vaporized and mixed with the air
to propagate a flame kernel and sustain combustion. Viscosity controls
the drop size distribution of the fuel spray, characterized by the Sauter
mean diameter (SMD); vapor pressure determines the rate at which the fuel

drops evaporate.

The two problems to consider are the impact of the alternative fuels
as they currently exist and how they might change. The NAPC ATP study
projected possible increases in the viscosity of JP-5 of 1.5 ¢St at -30°F
if the end point were allowed to increase by 25°F. This viscosity
increase of about 97 was related to increases in the SMD of fuel sprays
of about 1.5% for pressure atomizers and 0.5%7 for air-blast atomizers.
Reviewing the data from the Air Force studies (9, 10, 12, 16) resulted in
the conclusion that this magnitude of change in viscosity would not have

a significant effect on the cold-day ignition characteristics of JP-5.

The major concern therefore is the difference in light-off
characteristics, i.e., minimum cold start temperature, of the various
engines between current JP-4 and JP-5/JP-8/Jet-A. All of the engines
were qualified to start on JP-4 at -54°C (-65°F). The current engine
specification (MIL-E-8593A) requires starting capability on JP-5 at that
temperature corresponding to a fuel viscosity of 12 centistokes. For a
typical JP-5 this would be around -39°C (-38°F). Table 10 lists the
maxirmum viscosity limits for starting as provided by the engine
manufacturers. The T53, T55, and T63 engines have not been able to start
at 12 cSt. The THh3 was not developed to operate on JP-5 fuel; the TS53
and T55 engines demonstrated a 12c¢St start during development but
production models were deficient. Also shown in Table 10 are typical

temperatures for JP-5 to have the viscosity limit indicated.
Engine starting limits have been found to be significantly different

than aircraft starting limits however. The difference are caused by the

cranking power of the batteries and the stiffness of gearboxes etc. at
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Table 10. Viscosity Limits for Cold-day Ignition

Engine Viscosity Limit Typical Temperature**
T53* 6 cSt -259C (-13°F)
TS5 8 -32% (-25°F)
[¢] g
To3 8 -32°¢ (-25 F)
T73 12 -39%C (-38°F)
T74 15 -43% (-45°F)
T700 12-15 -39 to -42°C (-38 to -45°F)

* Atomizer version; older vaporizer ver-ions were higher.

**  Typical temperature for JP-5 corresponding to the viscosity limit.
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low temperatures. Table 11 summarizes the results from recent Army tests
on the cold weather starting capabilities of JP-8 versus JP-4., Minimum
alrcraft starting temperatures for JP-5 would probably be a little higher
than for the JP-8.

The OH-58C, AH-1S, and UH-1H tests were conducted with a 100°F flash
polnt JP-8, right on the specification minimum, i.e., a best case.
JP-8's with higher flash points would not fare as well and would have
higher minimum starting temperatures. There are no data available for
the different engines that map the effects on ignition of volatility and
viscosity independently. There are current plans at the Army Fuels and
Lubricants Research Laboratory to map the ignition requirements for the

T63; tests on the T700 are being contemplated.

In summary, the impact on alternate and synthetic fuels on ignition
will continue to be that which is being experienced today. Combustor rig
tests are encouraged to develop correlation equations from which quanti-

tative impact statements can be made on the different engines.

D. LUBRICITY

Lubricity is a qualitative description about the relative abilities
of two fluids having the same viscosity to resist friction and wear. As
mentioned earlier, there 1s an increasing trend to use hydroprocessing of
some level in the refining of petroleum to finished fuels. The syncrudes
will require moderate to severe hydroprocessing to produce significant
ylelds of quality jet fuel. This processing acts to reduce the natural
lubricity of the fuel. There have been problems, both commercial and
military, related to low lubricity fuels, but none have been reported in
the Army. There is no specification on lubricity and the problem is
generally cured by the anti-corrosion additives added to the fuel. Too

much of the additive causes problems with the WISM test so the Navy is
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Alrcraft

UH~-11
AH-18
OH-18
CH-47C

CH-47D

Table 11.

Engine

T53-13B
T53-703
T63-700/720
T55-11D

T55-712

Summary of Army Helicopter Cold Start Tests

Minimum Starting Temperature, °C (°F)

Battery Start

JP-4
-12 (10)
-17 (0)
-7 (20)

-40 (-40)

*

No test

JP-8
-12 (10)
-17 (0)
-7(20)
-40 (-40)
*

-34 (30)*
-45 (-50)

*Two engines started at different temperatures
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APU Start
g4 -8
-34 (-30) -23 (-10)
-34 (30) -23 (-10)
-34 (-30) -12 (10)

(APU wouldn't start)

No test =34 (-30)*
=45 (~50)




reluctant to use any more than necessary. Also, much of the additive may
be depleted by activity with storage tanks, pipelines, etc., so that it

18 questionable how much remains when it reaches the engine.

The Army should not have any unique problems not experienced by the
Navy or Alr Force who are responsible for the fuel specifications. The
development of a lubricity specification is being consldered, and 1if the

problem becomes significant 1t will be taken care of.

E. THERMAL STABILITY

Thermal stability is a measure of the tendency for a fuel to develop
deposits under high temperature conditions. Thermal stability problens
are generally long-term problems that affect overhaul time rather than
performance. The most serious areas for deposits to occur are in the
flow-divider valves and fuel nozzles. These are algo the areas where the
fuel experiences the highest temperatures. Deposits in the fuel nozzle
can change the flow rates as well as distort the flow pattern. 1In
annular and can-annular combustors changes in the fuel flow rate in one
nozzle compared to others will alter the exhaust-temperature pattern
factor leading to high-cycle thermal fatigue problems with the turbine
section. Distorted flow patterns can also affect pattern factors and can
cause hot spots on the liner. Deposits in flow-divider valves generally
cause hysteresis in the valve operation creating non-uniform flow rates
among atomizers. Table 12 shows the average JFTOT data for the past
eleven years for JP-4, JP-5, and Jet A. (3) Very little argument can be
made that JP-4 i3 any more thermally stable thun JP-5 or Jet A based on

these data.

Although some of the shale oil fuels that have been produced have
had poor thermal stability, it is believed by the Air Force that JP~4

from shale o1l will be satisfactory and not cause problems.




Table 12.

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

Avg

* Pressure Drop, in. Hg.

Summary of Average Jet Fuel JFTOT Data,* 1970-1980

JP-4

0.17

0.12

0.15
0.26
0.30
0.50

0.20

0.22
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JP-5
0.01

0.08

0.20
0.16
0.16
0.40

0.30

0.21

Jet A

0.18

0.35

0.33

0.26

0.29

0.30

0.40

0.28




F. SUMMARY

In summary, it is believed that the only significant impact from
synthetic and alternate fuels will come in the areas of LCF life of the
combustor liner as hydrogen content is reduced; this is likely to happen
if the JP-5 fuel specification 1s relaxed to improve availability.
Cold~day ignition problems with the alternate fuels, JP-5, JP-8, and Jet-
A, should be no worse than they are currently with JP-5 being the worst
case. There are potential problems with elastomer compatibility if the
JP~-5 specification 1s relaxed to allow higher aromatics, but this is
doubt ful since the JP-5 type aromatics have low solvent activity due to
their high molecular weight; also the Navy would not relax the
specifications if their airframe fuel systems, which are similar to the

Army's, were not compatible.
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IV. ARMY AIRCRAFT ENGINES AND FUEL SYSTEMS

The potential differences in fuel properties relative to current
JP-4 properties have been identified, and the impact that these
properties can have on the performance and durability of engines and fuel
system components have been discussed. The purpose of this chapter is to
identify the engines and fuel system components used in Army aircraft,
discuss the interface between the components and the fuel, and identify
specific potential problems. 1In general this discussion will address
materials compatibility since this is the most significant area of impact

with most components.

Materials compatibility can be reduced to elastomer compatibility {if
one makes the assumption that the synthetic and alternate fuel will meet
the same restrictions on corrosfon that JP-4 does. This is a reasonable
assumption since there is no desire to allow corrosiveness in a fuel
whereas there 1s pressure to increase the aromatic content of JP-5. The
sensitivities of elastomers to fuel properties, namely aromatic content,
were discussed earlier in this report. It is sufficient here to say that
higher aromatic concentrations cause Buna N to swell considerably; while
this is generally not a problem in static seals it can be a problem in
dynamic applications and perhaps flexing dfaphragms. Quite often the
compatibility depends on the specific application and whether or not the
distress is acceptable or within design limits.

A. Army Aircraft

The U.S. Army has a variety of jet engine aircraft. Table 13 lists
the afrcraft considered in this program. This 1list identifies the
ajrframes, engines, auxiliary power units, and their manufacturers. Most
of the U.S. Army's aircraft are helicopters that are powered by five

different types of engines. Some of the larger helicopters have airborne 1
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auxiliary power units, These units usually provide starting capability,
electric power, and, in some cases, hydraulic power. All of the fixed-
wing aircraft are powered with either T53 or T74 turboprop engines. The
effects of reduced fuel hydrogen content on low-cycle thermal fatigue
life was discussed earlier in the report as were the ilmpact of viscosity
and volatility on cold day ignition. These are the major areas of

impact of potential fuel variation on engine performance and durability.

B. Army Aircraft Fuel Systems

There are two basic types of fuel systems used in Army aircraft:

. Pressurized versus suction

° Crashworthy versus non-crashworthy

The first refers to the method of fuel delivery from the fuel cells to
the engine. The second is a design criteria for components to improve
helicopter crash safety. Other complexities depend upon the aircraft
mission requirements, the number of engines used, fuel crossfeed
capabilities, fueling/defueling capabilities, and other airframe design

requirements.

An extensive survey was conducted with the assistance of AVRADCOM

personnel to identify the fuel system components. The detailed component

lists are provided as appendices to this report as follows:

Appendix Contents
A Airframe Fuel System Components
B Engine Fuel System Components
c APU Fuel System Components
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1. H-1 Fuel System

The Army has a variety of different models of the H-1 helicopter, as

noted below:

Alrcraft Engine Popular

Type Used Name

UH-1B T53-L-11D Huey/Iroquois
UH-1C T53-1L-11D Huey/Iroquois
UH-1D T53~L-11D Huey/Iroquois
UH-1H T53-1-138 Huey/Iroquois
UH-1Q T53-1-138 Huey/Iroquois
UH-1M T53-1-13B Huey/Iroquois
EH-1H T53-L-13B Huey/Iroquois
AH-1G T53-L-13B Cobra

TH-1G T53-1L-13B Cobra

AH-18 T53-1L-703 Cobra

AH-1Q T53-1L-13B Cobra

The Huey and Cobra aircraft have similar fuel systems. Figure 9
illustrates the fuel system schematic for the AH-1G. Fuel is contained
in two interconnected fuel cells. An electrically-driven, centrifugal
boost pump is provided inside each cell. Fuel 1s directed to a common
manifold valve (containing two check valves and two thermal relief
valves) and then to the main fuel shutoff valve. From these, the fuel is
directed through a fuel filter to the engine fuel pump/fuel control
system. The fuel tanks are vented together. Capacitance-type, fuel-
level sensors are used for total fuel quantity and low fuel indication.
Sump drain valves are provided at low points in each fuel cell. Aircraft
fueling is performed at the left fuel-cell filler cap. The incoming fuel
will f11l both tanks through a crossover pipe. A swing/flapper type

check valve i1s used in the right tank.
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The fuel system used in the UH-1 (no figure provided) is somewhat
different., The fuel 1s contained in five fuel cells interconnected to
act as a single tank. Three cells are located across the fuselage below
the engine deck with a filler cap on the right cell. Two forward cells
(located under the cabin floor and gravity fed from the aft cells) are
provided with a fuel boost pump. The right pump is electrically operated
and the left pump is driven by bleed air from the engine compressor. An
ejector pump is also used in the left and right fuel cells. Fuel under
pressure is delivered from the boost pumps through separate lines to a
check valve manifold located on the front of the engine firewall. The
fuel then passes through two check valves in a single outlet manifold to
an electrically controlled main fuel shutoff valve. As in the AH-1G fuel
system, the fuel then goes to a fuel filter and to the engine. The fuel
shutoff valve and each check valve in the manifold have internal bypass
valves to relleve thermal expansion of trapped fuel when the system {is
inoperative. Sump drain valves are provided. The left-hand, center, and
right-hand fuel cells are interconnected together and vented to the

atmosphere.

2. H-6 Fuel System

The H-6 aircraft is a small, single-engine, observation helicopter

designated as the OH-6A.

Figure 10 shows a schematic representation of the fuel system. This
crashworthy helicopter has self-sealing hoses and several breakaway
fittings. Fuel may be introduced into the aircraft by gravity or through
a closed-circuit fuel receiver assembly. Two interconnected self-sealing
bladders are used. Fuel {s directed from a submerged centrifugal boost
pump to a submerged fuel shutoff valve to a fuel outlet valve. The fuel
then passes through the other half of the fuel outlet valve (in-line fuel

valve) through a self-sealing hose to the engine. Vent valves are
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located forward and aft of the fuel cells and are interconnected to an
emergency shutoff overboard vent system. The fuel shutoff valve
(mentioned earlier) is actuated from the cockpit by a control cable. The
level of the fuel is sensed by a float-lever—electrical system rather
than the usual capacitance types. This is the simpliest fuel system used

in any of the Army's fixed- or rotary-wing aircraft.

3. H-47 Fuel System

The following models of the H-47 cargo helicopter are used by the
Army:

Alircraft Engine Popular
Type Used Name
CH-47A T55-L-7C Chinook
CH-47B T55-L-7C Chinook
CH-47C T55-L-11/11A Chinook

JASA/11D/712
CH-47D T55-L-712 Chinook

This twin-engine aircraft has basically the same type of fuel system for
all of the models noted above (no figure provided). The aircraft uses a
total of six bladder-type fuel cells that are fueled by six independent
gravity filler caps. The CH-47D model is being modified to have a
closed-circuit fuel receiver for single polnt fueling. The six fuel
tanks are distributed throughout the aircraft, with two auxiliary tanks
forward, two main tanks, and two more auxiliary tanks aft. The fuel
system has complete crossfeed capabilities for supply fuel to efther or
both engines from any fuel tank. FEach fuel tank has a submerged boost
pump with a check valve to ensure proper fuel flow direction. Each of
the main fuel tanks has a thermal-relief check valve and other
appropriate check valves along with three fuel-level measuring probes.
Pregsure switches are also provided at the discharge of each of the boost

pumps. FEach tank has two drain valves located at low points in the fuel
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cells. Other drain valves are located throughout the system plumbing. A
fuel control panel (located in the cockpit) provides fuel quantity
indication for the fuel tanks and pump control for normal engine fueling
and crossfeed control. The main fuel system also has a connection for a

ferry fuel tank which can be carried inside the helicopter.
A separate fuel boost pump, a manual shutoff valve, and a solenoid-
operated shutoff valve are also provided for fuel supply to the auxiliary

power unit.

4. H-54 Fuel System

The fuel system of the twin-engined UH-54 utility helicopter (no
figure provided) has forward, aft, and auxiliary fuel tanks. Two boost
pumps are used in each of the forward and the aft fuel tanks. The
auxiliary fuel tank has two fuel transfer pumps capable of transferring
fuel to the forward or aft tanks. A crossfeed valve 18 provided along
with appropriate engine fuel shutoff valves and an auxiliary-power—unit
fuel shutoff valve. The aircraft is fueled through three closed-circuit
fuel receivers (one per tank). Appropriate drain valves are also

provided at low points in the tanks.

5. H-58 Fuel System

Two models of the H-58 helicopter are used:

Alrcraft Engine Popular Fuel

Type Used Name System
OH-58A T63-A-700 Kiowa Noncrashworthy
OH-58C T63-A~-720 Kiowa Crashworthy

This small single-engine observation helicopter has a single L-shaped

fuel cell located beneath and in back of the pilot's seat. Only the
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lower half of the fuel cell is constructed of self-sealing material on
the non—crashworthy OH-58A aircraft. 1In the crashworthy OH-58C aircraft,
the entire fuel cell is self-sealing, with self-sealing hoses and

breakaway fittings.

The fuel system (no figure provided) uses gravity fueling to fill
the fuel cell. A submerged boost pump 1s used to supply the fuel through
a breakaway valve to a shutoff valve. A pressure sensor is provided to
indicate fuel pressure. The fuel is then directed through a filter to
the engine. A tank vent is provided along with a sump drain-defuel
valve, Capacitance-type fuel-level sensors monitor the fuel quantity. A
fuel low-level switch is also used to indicate that twenty minutes of

fuel remains in the tank.

6.  H-60 Fuel System

The UH-60A is the Army's newest utility helicopter. Two T700-GE-700
jet engines are used for propulsion along with an airborne T62 auxiliary
power unit, Figure 11 illustrates the fuel system schematic for the
UH-60A helicopter. This crashworthy fuel system utilizes two sgelf-
sealing fuel cells that are supported by fiberglass liners. A 3-~inch
layer of purple (fire-explosion suppression) foam is used adjacent to the
outside of the fuel cell liners. Foam is not used inside the fuel cells.
The foam (made by the Foam Division of Scott Paper Company) is used to
prevent explosions by acting as a void filler around the outside of the

fuel cells.

As noted in Figure 11, the aircraft can be fueled by gravity and
pressurized closed-circult fueling methods. A suction-type fuel systenm
i1s used in flight. The fuel system serving engine 1 and the left fuel
cell {s {dentical to the other half of the fuel system serving engine 2

and the right fuel cell. An electric pump (located outside of the fuel
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bladder) primes all of the fuel lines providing fuel up to the engine
boost pump and the APU pump. Once the engine is started, the engine-
operated boost pump provides the necessary suction to draw the fuel from
the fuel tank. Complete crossfeed capabilities are provided to supply
fuel to either engine from either tank. Fifteen breakaway self-sealing
valves are used throughout the fuel system while six check valves are
used to control the direction of the fuel flow. The fuel level in each
tank is monitored by a capacitance probe. High-level float control
valves are provided to shut the fuel off during fueling operationmns.

Appropriate vent and fuel tank drain valves are used.

The UH-60A also has the capability of accepting a range extension
kit, Figure 12 shows the fuel system schematic for the auxiliary fuel
system and its conmnection to the main fuel tanks. Two self-sealing
auxiliary fuel tanks are used with breakaway, self-~sealing couplings. A
positive~displacement vane pump is used with each auxiliary fuel tanks to
lift and transfer the fuel through a check valve. A motor-operated
transfer valve is used to allow the fuel to flow to the main fuel tanks.
An emergency motor-operated dump valve is also provided. Both of the
fuel tanks are filled by gravity. Empty tank sensors and appropriate

vent valves are provided for each tank.

7. H~64 Fuel System

The YAH~64 1s the Army's newest preproduction attack helicopter
called the Apache. This aircraft is also powered by two T700~GE-700

engines and has an airborne GTP36~55H auxiliary power unit.

The crashworthy fuel system (no figure provided) has forward and aft
self-sealing fuel cells. Fuel may be introduced by gravity or pressure
fueling. An atr-driven boost pump ts uvsed tn direct the fuel to the

engine. Fuel {s transferred from the forward cell to the aft cell by
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means of an external alr-driven trangsfer pump. An external aluminum fuel
tank {s also available for mounting on the alrcraft pylon. Breakaway
valves are used throughout the fuel system along with fuel vent valves, a

fuel transfer valve, and engine fuel shutoff valves.

8. C-12 Fuel System

The C-12 aircraft is one of the four fixed-wing aircraft used by the
Army. These commerclally-purchased aircraft are powered by two PT6 PWA

turboprop engines (T74 is the military designation for the same engine).

Figure 13 illustrates one half of the fuel system used in the C-12
aircraft. Each wing has four nonselfsealing bladders interconnected to
each other and to a wet wing tank. Fuel from these tanks is gravity fed
to a feeder tank (called a nacelle tank). Fuel from the feeder tank 1is
pumped to the engine by a jet—type transfer pump. A crossfeed valve is
used to interconnect to the other engine and the other half of the fuel
system. Check valves and suction relief valves are used throughout the
system along with drain valves and vent float valves. Most of the fuel
system components used in the C-12 aircraft are the same as the ones used

in the U-21 fixed-wing aircraft.

9. 0QV-1 Fuel System

There i{s a total of about 200 OV-1 fixed-wing alrcraft in the Army
inventory. The twin-engine aircraft is powered by two Lycoming T53

engines of the models noted below:

Aircraft Engines
0oV-1B T53-1L-7A
ov-1C T53-L-7A/15
av-1D T53-L-701A
RV-1D T53-L-701A
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The OV-1 aircraft is qualified to operate on JP-4, JP~5, JP-8, Avgas,
unleaded gas, and leaded fuels. A maximum operation time of 50 hours is
allowed for operation using leaded fuel; extended operation with leaded

fuels can cause damage to the turbine blades.

The OV-1 fuel system (no figure provided) has one self-sealing,
350-gallon, main fuel tank and two 150-gallon aluminum drop tanks. Vane
pumps are used to transfer fuel from the drop tanks to the main fuel
tank. The aircraft is generally fueled/defueled through the single-point
nozzle (pressure fueling), but gravity fueling capability is also
provided.

During a typical pressure-fueling operation, the fuel is directed
through the pressure-fueling adapter to the main fuel tank and through a
pilot float valve to a solenoid-operated shutoff valve (both of which are
located inside the tank). The pilot valve has dual floats. As the fuel
rises in the tank the pilot float valve senses the fuel level. Once the
fuel reaches the maximum level, the pilot float valve shuts off, creating
a pressure difference which actuates the solenoid shutoff valve and stops

the fueling operation.

Fuel is directed to the engines by two submerged dual—-impeller boost
pumps (one forward and one aft in the main fuel tank). An ejector pump
is also used as a backup for the forward boost pump. Several check
valves (swing—~ and ball-type) are used to maintain the correct fuel flow
direction. Three motorized gate valves are used in this system: 1)
between the pressure-refueling and the main fuel tank, 2) between the
left engine and the main fuel tank, and 3) between the right engine and
main fuel tank. The gate valves for the right and left engines are

actuated every time the engine is started.

The main fuel tank has an access port with a cover assembly, This

oval access port uses a large Neoprene gasket to seal the port to the
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cover. The gasket is exposed to fuel vapors and some fuel sloshing which

aggravates the Neoprene material causing it to swell.

10. U-21 Fuel System

The Army has about 150 U-21 fixed-wing aircraft powered by two Pratt
and Whitney T74~CP-700/702 turboprop engines. The different Army

aircraft types and engine models are noted below:

Aircraft Eggine
U-21A/D/F/G/H T74~CP700
RU-21A/D/H/E T74~CP700
RU-21B/C T74~CP702

Figure 14 illustrates the fuel system used for the RU/U-21 aircraft.
A total of 370 gallons of usable fuel is stored in several nonself~
sealing fuel cells. Each wing has four interconnected fuel cells. The
fuel from these cells is directed to a feed tank by gravity and pumped by
a transfer pump to another fuel cell (nacelle tank). Fuel from the
nacelle tank is pumped by a boost pump to the engine. A complete
duplicate system is used for the other wing—to-engine fuel system.
Crossfeed capabilities are provided to transfer fuel to either engine.
Since the fuel system uses a large number of fuel cells and has crossfeed

capability, a large number of check valves are used.

11. UV-18 Fuel System

The Army has less than five of the UV-18A fixed-wing aircraft, each

powered by two T74 engines. No additional information was obtained.

c. Alrframe Fuel System Components

Mogt of the fuel systems described above are composed of the same

types of components. The following discussion addresses the design,
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function, and materials generally used in these components. In most
cases the designs and materials are similar even though the manufacturers

may be different.

During discussions with the Army maintenance people and the airframe
and component manufacturers, several actual and potential problems that
could be related to fuel sensitivities were identified; these are

mentioned and assessed in the following discussion.

1. Self-sealing Hoses

Virtually all of the Army helicopters and the 0V-1 fixed-wing
aircraft use self-sealing hoses in the fuel system. O0ld type (World War
ITI vintage) self-sealing hoses used a Buna N liner (adjacent to the
fuel)surrounded by a wire braid and a special butyl-rubber outer hose.

These hoses comformed to the following specifications:

MIL-H-83796 Hose assembly
MIL-H-83797 Hose material
MIL-H-83798 Fittings used

The special butyl rubber would act as the self-sealing member. (24)

Current Army self-sealing hoses are designed in accordance with
MIL-H-7061A, dated 6 June 1968, These hoses are usually supplied by
Aeroquip and/or Stratoflex Incorporated. The hose usually has a nylon or
wire brald on the outside conforming to MIL-C-83291 or MIL-C-83797. Two
hose designs are used: 1) an outer braid with a thick innerliner or, 2)
a medium thickness self-sealing outer rubber hose , a nylon or wire
braid, and a Buna N innerliner. Bulk self-sealing hose materials are

usually supplied by the B.F. Goodrich Company.
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Generally the airframe manufacturers, such as Bell, Boeing Vertol,
Hughes, and Sikorsky, have their own control specification drawings for
self-sealing hose testing. 1In addition, the airframe manufacturers and
the hose manufacturers believe that the MIL-H-7061A specification 1s out-
of-date for current aircraft fuel systems and should be updated. It has
been recommended that the Army ask the SAE G3 committee to update the
self-sealing hose specification. The Air Force 1s custodian for the
MIL-H-~7061A specification; however, the Air Force does not use any self-

sealing hoses. (25)

Only one isolated problem area was reported on a self-sealing hose:
that used on the YAH-64A preproduction helicopter. The problem was with
a 5/8-inch self-sealing hose used inside a fuel cell (submerged). The
hose operates in a suction-type fuel system and reportedly collapsed
internally, restricting the fuel flow and thereby preventing engine
starting. The reason the hose collapsed could not be verified; however
it 1s believed that a high aromatic fuel could have been the problem.
The thick innerliner hose material is said to be a combination of
acrylonitrile and SBR (styrene and butadiene) rubber. The hose
manufacturer has since discontinued the 5/8 inch hose and recommends a
3/4 inch hose or a modified hose having lower swell characteristics.
Although this is an isolated case, it is definitely a potential problem

area.

Most of the concern with Ji -5 type fuels has been with fuels having
high aromatic content, i.e., above 25%. Future shale~derived JP-4 fuel
will probably have a relatively low aromatic content, on the order of 5 -
10%7. Although no tests have been performed using very low aromatic
content fuels, B.F. Goodrich believes that under normal operation self-
sealing hoses will operate satisfactorily. The most crucial time for the
self-sealing hoses (as far as sealing) will be during the gunfire tests.

These tests are usually performed at Aberdeen Proving Grounds and
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Aeroquip. It is possible the self-sealing hoses would not seal under
gunfire tests with low aromatic fuels, particularly at low temperatures.
Controlled tests have been recommended to determine the effectiveness of
the self-sealing hose with low—aromatic fuels. (26) Such testing should
have been conducted in the qualification testing, however, per

MIL-H~-7061A.

2. Gate Valve, Motorized

The electrically-operated, motorized gate valve is used primarily as
an engine fuel shutoff valve. From one to four of these valves are used
on essentially all of the Army aircraft. The valve consists of a metal
blade (called the gate) connected to a geared-down electric motor. Most
gate valves have an external lever on the valve for manual operation.
The lever will also identify whether the valve is open or closed.
Sealing of the fuel is provided by two cylindrical seals, one on each

side of the blade.

It was suggested that excessive swelling of the seal material might
cause an increase 1n friction leading to extrusion and failure of the

seal.
These valves are manufactured by ITT/General Controls. The gate
seals are fabricated by Royal Seals from a thiokol-based material which

is said to be much more resistant to aromatics than Buna N. (27)

3. Check Valve, Poppet

Check valves of several designs are used extensively in all aircraft
fuel systems. Poppet-type check valves are the most popular and are
generally used in pressure relief applications. This type of valve
usually consists of a thin rubber disc attached to an inline, spring-

loaded plunger; only a light spring force 1s required. Buna N is quite




often used for the seal but it is a face seal and essentially static in
application. A problem could occur if the adhesive bond between the

rubber and metal were weakened by the fuel.

4. Check Valve, Swing/Flapper

Swing—~ or flapper-type check valves are usually used when a low
pressure drop 1s important. The swing check valve usually consists of a
disc that is hinged inside a cylindrical tubing connector. A rubber disc
is bonded onto the metal disc (flapper). The disc 1s usually spring
loaded (light spring force) closed. A few of the swing valves use a
captive (static) O-ring in the valve. Too much swell can cause the 0O-
ring to come out of the groove when the valve opens. The face seals are
very similar in action to those described above and no problems are

foreseen with the fuels included in this study.

5. Closed-Circuit Receivers

Several Army aircraft types have provisions for single-point or
pres-surized refueling. A standard closed-circuit fuel receiver (CCR) is
used. The CCR has a gpring-loaded poppet seal with a float mechanism and
a diaphragm. Both static and dynamic O~rings are used. Some concern was
expressed ahout sealing on the AH-1 and UH-1 helicopters. There have
been some field problems with the CCR on the OH~6A such that the receiver
does not always shut off the fuel resulting in the rupture of both
bladder tanks; consequently, gravity fueling is generally used on the

OH-6A.

6. Electric Fuel Pumps

All Army aircraft use electric fuel pumps either to deliver fuel

from the fuel cell to the engine or APU or to transfer fuel from one cell

66




to another. Most of the motors are dry and therefore require shaft seals
from the fuel; a few are wet motors. The shaft seals on all but one of
the pumps are either carbon-faced seals or silicone and as such should
have no fuel sensitivity. The one exception is the transfer pump on the
"range extender kit" used on the U-21; thig pump has Buna N shaft seals

and could be a problem area.

7. Self-sealing Breakaway Valves

Breakaway valves are designed to break in-half at a frangible
section upon impact. After breaking in half, both valve ends are
designed to contain the fuel. Some designs use spring-loaded swing/
flapper valves; others (on the AH-1 and UH-1) use a boot arrangement.

Neither is considered to be a potential problem area.

8. Drain Valve, Poppet

Drain valves are used at low points on the fuel cells. Two types

are used as noted bhelow:

Type Seal
Push axial Static O-ring
Push—-and-twl st Dynamic O-ring

A heavy spring is used to provide pressure against the O-ring for
sealing. The axial push-type will only allow fuel to drain while the
plunger 1s held in. The plunger can be actuated by a screwdriver or a
special fuel collector jar. The push-and-twist-type drain valve can be
locked open, allowing all of the fuel to drain. Depending upon the
gspeci fic drailn valve design, swelling could cause the O-ring to come out

of the groove when the valve is opened.
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9. Vent Valve, Poppet

Vent valves are used in virtually all airframe fuel systems.
Figure 15 shows a poppet-type vent valve used on the UH-60A helicopter.
This valve uses Buna N and Teflon geals as noted, but the Buna N seals
are either static seals or face seals. A compression spring is used to

keep the poppet closed.

10. Fuel Tank Cover Gasket

The 0V-1 fixed-wing aircraft has an oval cover assembly. The cover
uses a large oval neoprene gasket in this access port. This neoprene
gasket is exposed to fuel vapors and some fuel sloshing which causes the
gasket to swell. Neoprene is known to be sensitive to peroxide formation

and swelling when in contact with high aromatic fuels.

11, Shutoff Valves

A large number of the Army aircraft use a fueling/defueling valve
similar to the one used on the UH-60 helicopter (see Figure 16). This
valve is used between the closed-circuit fuel receiver and the fuel cell.
During fueling, its main purpose is to shut off the fuel flow. In
addition, during defueling, its main purpose is to shut off the fuel flow
whenever the tank 1s empty in order to prevent the boost pump from

operating without fuel.

The main reason for including this figure is to show the different
types of seals. This valve has three static O-rings, two dynamic
diaphragms and one dynamic O-ring seal. Double diaphragms are used in
the event one diaphragm fails. A compression spring is used to keep the
valve closed. Pressure taps are provided for the high and low-level

float valve connections. During fueling, the inlet fuel pressure raises
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the poppet valve (with the dynamic seal) allowing the fuel to flow. The
fuel flows in an annular area around the valve to the fuel tank. As the
tank fills, the high-level float valve closes, creating a pressure
difference which is transmitted to the fueling/defueling valve lowering
the poppet thereby shutting off the flow.

There are no current problems with valves of this type. Although,
it is possible that the diaphragm could be affected by high-aromatic
fuels particularly since considerable flexing occurs during fueling and
defueling operations, these diaphragms are generally made of DuPont
Fairprene which DuPont claims would have no difficulties with 30%
aromatic fuels. The floats on the remote float valves are usually made
of polyurethane foam or a nitrile rubber foam; in this application the

nitrile rubber compound is not fuel sensitive.

12. Fuel Cell Bladders

Fuel cell bladders have the largest contact area with the fuel of
any fuel system component. There are basically two types of bladder fuel

cells:

° Nonself-sealing

° Self-sealing

In addition, many of the army aircraft have crashworthy designs which
basically means that the fittings attached to the bladder are of a
breakaway design that seal off the fuel flow. This has nothing to do

with the rest of the bladder construction and the fuel interface.
Both the self-sealing and nonself-sealing designs have Buna N

liners. This liner may consist of Buna N rubber, Buna N coated square-

woven fabric, or Buna N coated cord fabric. The purpose of the liner is
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to contain the fuel and provide protection for nylon film barrier which
provides the mechanical strength. The difference is that the sgelf-
sealing bladders have two layers of of natural gum rubber sealant
separated and protected by nylon fabric exterior to the nyon film
barrier. These sealant layers are readily attacked by fuel regardless of
composition. The purpose of the sealant is to effect the immediate
closure of punctures in the fuel cell, thereby preventing the loss of
fuel. The natural gum rubber sealant layers remain dormant until
activated by exposure to fuel. The sealant acts to prevent leakage 1in
the following manner. A mechanical reaction results at time of damage
from the fact that rubber, both natural and synthetic, will "give"” under
the shock of impact, thereby limiting damage to a small hole in the fuel
cell. The fuel cell materials will allow the projectile or other object
to enter and leave the cell and then will closely approximate thelir
original positions. This mechanical reaction is almost instantaneous.
An accompanying chemical reaction occurs as soon as fuel vapors penetrate
the inner-liner material and reach the sealant. The sealant, upon
contact with the fuel vapors, will activate or swell to many times its
normal size. This effectively closes the rupture and prevents the fuel
from escaping. Typically, the self-sealing area of a fuel cell
construction comprises two natural-gum-rubber sealant layers and one or
two fabric layers. The fabric layers separate the two sealant layers and
add support, particularly on the occurrence of damage that exposes the
sealant to fuel. The exposed sealant 1s weakened by the fuel but the
cord fabric aids in the retention of 1ts shape and the alignment of the
wound edges. (28) All three manufacturers of fuel bladders regularly
test their bladders with the Type Il fluid (40% aromatics). The Type I
fluid (0% aromatics) is used in the qualification.

D. Potential Fuel Sensitive Areas - Engine Components

The main areas of concern are those having dynamic O-ring sel

applications. Increased elastomer swell could cause:

~4
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o} Extrusion
o Leakage
o Increased friction force

o Longer response times
Areas in the fuel controls and fuel pumps were studied in regard to
dynamic seal applications. The information from a few examples are

summarized below:

1. T53 Fuel Control

Information obtained from Corpus Christi Army Depot regarding
dynamic O-ring applications on the T53 fuel control was discussed with
the manufacturer, Chandler Evans. Most fuel controls have a large number
of linkages which are external to the fuel control providing small axial
or angular movement through various shafts to within the fuel-wetted fuel
control. 1In the case of the T53 fuel control, these shafts are sealed by
small O-rings. The other end of the shaft usually has a dual leather

plston to provide a pressure or a flow change within the fuel control.

The following is a listing of the dynamic O-ring applications
identified for the T53-L-13/-703 fuel control:

Axial Angular
Fuel Control Area Movement Movement
Throttle shaft No Yes
RPM servo piston Yes No
Governor servo piston Yes No
Pl multiplier assembly Yes No
(altitude compensator)
Change over piston assembly Yes No
(automatic to emergency)
Emergency metering valve No Yes
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All of the O-rings used in the T-53 fuel control are made of nitrile
rubber (Buna N). Chandler Evans agrees that the dynamic O-ring areas

noted above could be sensitive to high aromatic fuels.

2. T55-L-11A Fuel Control

The T55 fuel control is manufactured by Hamilton Standard. A study
of the fuel control indicated that dynamic O-rings are used in the

following areas:

Axial Angular
Fuel Control Area Movement Movement
Min. pressure housing Yes No
Temperature control Yes No
(actuating rod)
Windmill bypass valve Yes No
Compressor air No Yes
(bleed assembly)
Linkage housing group
Ny Throttle shaft No Yes
Nz Throttle shaft No Yes
Actuator shaft No Yes
(for inlet gulde vane)
Ratio servo cap Yes No
(with Teflon guide)
Most of the axial movements are on v - cf 1/4 inch or less.

Angular movement Is only about 5 degrees,for the compressor air control
while the Nj throttle shaft is 55 degrees, N throttle shaft is 100
degrees, and the actuator shaft is 45 degrees. All of the areas listed
above are potential problem areas if too much swelling occurs In the

O-rings.
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3. T63-700/-720 Fuel Control

The T63 uses a simple pneumatic-hydraulic fuel control made by
Bendix. There are several areas that have dynamic O-rings and diaphragms

as follows:

Axial Angular
Fuel Control Area Movement Movement
Torsion shaft No Yes
(O-ring)
Cut-off valve linkage No Yes
(0-ring)

Bypass valve ~ -
(diaphragn)

PG&PR area on housing - ~
(diaphragm)

4, T55~7C Fuel Pump

The fuel pump used on the T55 engine is made by Sundstrand. Dynamic

O-rings are used in the following area:

Axial Angular
Fuel Pump Area Movement Movement
Journal thrust bearing Yes No

(four areas)

The fuel pump also has a static diaphragm used in the N1 spline

drive shaft. The N, boost pump drive also has a static O-ring seal.
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S.  T55-L-11A/-11D Fuel Pump

The fuel pump used on the T55-L-11A/-11D engines is also made by
Sundstrand. CCAD personnel identified the following dynamic O-ring seal

areas:

Axial Angular
Fuel Pump Area Movement Movement
NI—N2 drive No Yes
(two areas) (very fast)
Journal thrust bearing Yes No
Spline shaft No Yes

(between F/P & F/C)

E. Potential Fuel Sensitive Areas - Auxiliary Power Units

It is anticipated that very few problems will arise in the Army's
airborne auxiliary power units in relation to elastomer compatability
with higher aromatic content fuels. The types of elastomers used in the

auxiliary power units may be summarized as follows:

Auxiliary Primary
Aircraft Power Unit Elastomers
H-47 T62T-2A1 Buna N
H-54 T62T~16A1 Buna N
H-60 T62T-40-1 Fluovosilicone
H-64 GTCP36-55H Fluorosilicone

The fuel systems for the APUs have very few fuel-wetted components,

and the fuel controls have very few parts since the engines operate at a

constant speed.




F. Non-metallic Materials Used In Fuel-wetted Systems

Based on the survey of fuel-wetted components (Appendix A, B,

and C), the following non-metallic materials have been identified:

Elastomers

Buna N Most Common
Fluorosilicone
Teflon

Nylon

Silicone

Epoxy

Glassfiber
Dyallyl Phthalate
Delrin

Vespel
Fluorocarbon

Neoprene Least Common

1. Buna N

The most commonly used elastomer used in the Army jet aircraft fuel
systems is a nitrile~type rubber designated Buna N. Nitrile, chemically,
is a copolymer of butadiene and acrylonitrile. Acrylonitrile content is
varied in commercial products from 18% to 48%. As the nitrile content
increases, resistance to hydrocarbon fuels increases but low temperature
flexibility decreases. Buna N has a temperature range of -65 to +250°F
(-54 to +121°C). (17) Generally Buna N works well in the current fuel

system.
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Trade Name Supplier
Chemigum Goodyear Tire & Rubber Co.

FR-N Firestone Synthetic Rubber & Laytex Co.
Paracril Uniroyal

Hycar Goodrich Chemical Co.

Krynac Polysar, Ltd.

Ny Syn Copolymer Rubber & Chemical Corporation

2. Fluorosilicone

Fluorosilicone combines the good high-and-low temperature properties
of silicone with basic fuel resistance. The primary uses of
fluorosilicones are in fuel systems at temperatures up to 350°F (177°C)
and in applications where the dry-heat resistance of silicone is
required. Fluorosilicones have excellent fuel restriction but are
subject to compression set. High strength fluorosilicones have been
recently developed, and certain of these exhibit much improved resistance
to compression set. (17) Fluorosilicone elastomers are used in the Army
ailrcraft fuel system for the UH-60, YAH-64, fuel pumps, fuel controls,

and some APUs.

Typical trade name is:

Trade Name Supplier
Silastic L.S. Dow Corning

3. Teflon

There is a family of (fluoroplastic) thermoplastic materials called
polytetrafluoroethylene (PTFE/TFE) and fluorinated ethylene propylene
(FEP) that are commonly referred to as Teflon (trademark for E.T. duPont
de Nemours Company). Teflon can be used successfully in hydrocarbon
fuels and has a usable temperature range of -275 to SO00°F (-171 to
260°C).
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Teflon is generally not used as a sealing material because of its
lack of resiliance but is very effective as a bushing in a poppet valve,
an electrical insulation in a capacitance probe, a diaphragm in a
pressure switch, or a ball in a fuel shutoff ball valve. No particular

problems are anticipated with Teflon regarding high or low aromatics.

4, Nylon

Rigid nylon is used in many areas where Teflon is used in fuel
system components. In addition, nylon 1s also used as spacers, guide
bushings in float switches, and centrifugal pump impellers. The material

has excellent fuel resistant.

Se Silicone

The silicones are a group of elastomeric materlals made from
silicone, oxygen, hydrogen, and carbon. As a group, the silicones have
poor tensile strength, tear res{stance, and abrasion resistance. Special
compounds have been made which have exceptional heat and compression set
resistance. High strength compounds have also been developed, but their
strength does not compare to conventional rubber. Silicones possess
excellent resistance to tempecature extremes. Flexibility below -175°F
(-114°C) has been demonstrated. The maximum temperature at which
silicones are recommended for continuous service in dry air {s 450°F
(232°C). Silicone's retention of properties at these high temperatures
1s uperior to other elastic materials. Silicone compounds are not
normally recommended for dynamic sealing applications due to relatively

low tear strength and high ccefficient of friction (17).

Tepical trade names are:
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_Trade Name __Supplicer

Silastic Dow Corning Group

No Trade Name General Electric

No Trade Name Union Carbide

No Trade Name Stauffer Chemical Company

6. Epoxy, Fibers, Diallyl phthalate, Delrin, and Vespel

There are a variety of plastic materials that are used within the
fuel-wetted systems. Epoxy is used Iin filters, capacitance gages and in
sealing applications. Diaphragms may be made of nylon, Teflon, or Mylar
materials with glass fibers incorporated for added strength. Boost and
transfer pump impellers are sometimes made of a thermoset plastic called
diallyl phthalate. One manufacturer uses Delrin as a poppet material on
a manual-type ferry pump. Vespel (a polyimide thermoset plastic) is used
as a vane material in an electric vane pump used on the ferry fuel system

for the RU/U-21 aircraft.

7. Fluorocarbon

Fluorocarbon elastomers are being used in some fuel-wetted areas
because of their very good resistance to hydrocarbon fuels. Their
working temperature range is considered to be =40 to 400°F (-40 to
204°C). Some sources indicate that fluorocarbon seals have been known to
seal at -65°F (54°C) in some static applications. (17) Most fuel system
designes are reluctant to use fluorocarbon because of its problems iwth

low temperature flexibility and compression set characteristics.

Typical trade names are:
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Trade Name Supplier

Neoprene E.I. duPont de Nemours Company
Butaclor Distugil
Petro-Texneoprene Petro-Tex Chem. Co.

G. Summary

In summary, it is believed that the only significant impact from
synthetic and alternate fuels will come in the area of LCF life of the
combustor liner as hydrogen content is reduced; this is likely to happen
if the JP-5 fuel specification is relaxed to improve availability. Cold
day ignition problems with the alternate fuels, JP-5, JP-8, and Jet-A,
should be no worse than they are currently with JP-5 being the worst
case. There are potential problems with elastomer compatibility if the
JP-5 specification is relaxed to allow higher aromatics, but this is
doubt ful since the JP-5 type aromatics have low solvent activity due to
their high molecular weight; also the Navy would not relax the

specification if their airframe fuel systems, which are similar to the

Army's, were not compatible.
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V. QUALIFICATION PROCEDURES FOR ENGINE AND FUEL SYSTEM COMPONENTS

In the previous chapter the engine and fuel-system components were
discussed relative to their interface with the fuel, i.e., materials
compatibility which was further reduced to elastomer compatibility. Buna
N was found in numerous applications most of which were static seals, but
a few included dynamic seals and disphragms where increased swelling

could cause problems in performance or durability.

Although Buna N can be affected by aromatics depending on the
composition of the elastomer, it is the specific application that
determines the suitability, depending on temperatures, pressures, design,
etc. The military uses standard qualification procedures for all
engines, fuel system hardware, and elastomeric materials to ensure
compatibility with fuels with the application and utilization of the
components. For the discussion here the important military

specifications are:

MIL-E-8593A Engines, Alrcraft, Turboshaft and Turboprop
General Specification for (15 Oct 1975)
MIL-F-8615D Fuel System Components,
General Specification for (29 March 1976)

MIL-H-7061A Hose, Rubber: Aircraft, Self-Sealing, Aromatic Type
(6 June 1968)
MIL-T-5578C Tank, Fuel, Aircraft, Self-Sealing

(1 March 1974)
MIL-T-6396D Tanks, Fuel, 011, Water-Alcohol, Coolant, Fluid,

Afircraft, Nonself-sealing, Removable Internal
(30 August 1974)

MIL-P-5315B Packing, Preformed, Hydrocarbon Fuel Resistant
(2 December 1964)
MIL-R-6855 Rubber, Synthetic, Sheets, Strips, Molded For Extruded

Shapes (8 September 1977)




MIL-R-25988 Rubber, Fluorosilicone Elastomers, 0il- and
Fuel-Resistant, Sheets, Strips, Molded Parts,
and Extruded Parts (4 June 1975)
MIL-R-83248 Rubber, Fluorocarbon Elastomers, High Temperature,
Fluid and Compressor Set Resistant (15 January)
TT-S-735 Standard Test Fluids; Hydrocarbon
(11 March 1964)

These specifications along with other documents itemized in them control
the qualification/certification procedures for all the engines, fuel
system components, fuel cells, hoses, and elastomeric seals used in the

Army aircraft.

A. Engine Qualification

The qualification procedures for turboshaft and turboprop engines
stress a variety of operatlonal and environmental problem areas such as
the performance of hydraulic, lubrication, and control systems; endurance
of rotating and hot sections; and temperatures and vibrations. Most of
these areas have little or no interface with the fuel. The requirements
which are directly related are component tests for the fuel pump and fuel
control, the low- and high-temperature starting tests, and the alternate
and emergency fuel tests. Also, minimum performance requirements are
established for the engine fuel system in terms of fuel temperatures,
viscosities, and vapor/liquid ratios. Fuel contamination is also
addressed in the specification but is not really pertinant to this
discussion as that is a fuel handling problem totally independent of the

fuel properties with which this study is concerned.

For reference, the primary, alternate, and emergency fuels are

defined in section 3.7.3.2 of the engine specification as follows:
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Primary Fuel. “The engine shall function satisfactorily throughout
its envirommental conditions and operating envelope for all steady-state
and transient operation conditions when using fuel conforming to and
having any of the variations in characteristics permitted by MIL-T-5624
of the grades specified in the engine specification.”

Alternate Fuel. “"When required by the Using Service, the engine

shall also start and operate using the alternate fuels specified. The
operating limits, power outputs and power transients specified in the
engine specification shall not be adversely affected when using alternate
fuel. The effects on the engine performance characteristics, changes in
SFC, changes in starting and stopping time, and effects on the aircraft
missions when using alternate fuels shall be specified. There shall be
no effect on the established time between overhaul for the engine from
that specified in 3.2.4.2. Only those external adjustments permitted in
3.7.2.3.1;1 shall be allowed in order to meet this requirement. The
engine shall function satisfactorily with the alternate fuels specified
containing anti-icing additive conforming to MIL-I-27686 and added 1in a

concentration up to 0.15 percent by volume.”

Emergency Fuel. “"When required by the Using Service, the engine

shall also start and operate using the emergency fuels specified. The
engine shall function satisfactorily for a time period of at least 6
hours from sea level to 10 km altitude, at least throughout a range from
idle to 90 percent of maximum power, at no greater than 120 percent of
the gpecification rated or estimated specific fuel consumption when using
fuels conforming to MIL-G-5572, MIL-G-3056, and VV-G-1690. Only the
external control ad justments permitted in 3.7.2.3.1.1 will be allowed to
meet this requirement. 1If applicable, operating limitations, special
inspections or maintenance actions required as a result of using this

fuel shall be specified.”
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The main differences are that an "alternate fuel” shall not
adversely affect the operating limits, the power outputs, the power
transients, and the overhaul time; "emergency fuels” are allowed to cause
performance and power degradations within specified limits. Since the
Army does not specify emergency fuels for its aircraft turbine engines,

they will not be further addressed here.

Several requirements are placed on the fuel system to establish
minimum performance criteria under temperature and pressure extremes. At
low temperature this means the system must operate with fuels of higher
viscosity and lower vapor pressure than on a standard day; typical
problems would be engine starting and control. At high temperatures, the
system must be able to accomodate high vapor pressures and hence high
vapor/liquid ratios; problems in priming pumps and fuel control are

typical.

The fuel pump and fuel control systems have specific qualification
tests. Other engine fuel system components are addressed in more general
terms. ‘“Accelerated aging” and "high temperature” tests are specified
for fuel compatibility of all components containing non-metallic parts.
They are first dried and placed in an oven at 71°C (160°F) for 168 hours.
The components are then subjected to a 100-hour or 600-cycle test
(whichever is longer) during which the ambient temperature 1is cycled
between 71°C and the maximum temperature for the component. The fuel
used is the specified primary fuel doped with toluene to give an
aromatics content of at least 257, representing the most detrimental fuel

allowed by the fuel specification.

Other testing is done at low and room temperatures, but these are
for elastomer performance and fuel contamination respectively and do not

stress fuel compatibility.




For overall engine performance and compatibility, a 60-hour cycle
test run is made on each of the alternate fuels specified in the engine
specification. “The test is considered satisfactory when, in the
judgement of the Using Service, engine performance meets the requirements
specified...and the results of the hot section inspection do not reveal

abnormal hot section distress.”

B. Fuel System Component Qualification

The discussion here will focus only on the fuel compatibility
requirements of the pertinent specifications. To begin with, the
standard hydrocarbon test fluids used in the qualification tests are
defined in TT-S-735. Four test fluids for fuel systems are defined and
have the following composition:

Volume?

Ingredient
Material Type 1 Type 11 Type 111 Type VII
Iso-octaune 100 60 70 10
Benzene 0 5 0 0
Toluene 0 20 30 30
Xylene 0 15 0 0
Cyclohexane 0 0 0 59
Butyl disulfide 1

(terttiary) . o o o
Total Aromatics 0 40 30 30

Types 1 and III are the two test fluids most commonly required for
fuel resistance and aging qualification tests. They represent extremes
of aromatic content, O and 30%. (Note: the fuel specifications for JP-
4, JP-5, and JP-8 allow maximums of 257 aromatics while Jet-A allows ornly

20%.) Furthermore, the aromatics used, i.e., toluene, have a low
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molecular weight representing about the lowest weight aromatics of JP-4
type fuels and much lower than the aromatics found in JP-5. Recalling
from Figure 8 on page 30 that the lower weight aromatics have a higher
solvent activity and that the aromatics found in JP-5 have relatively low
solvent compared to JP-4, it is concluded that the Type III test fluid is
a congservative test fluid for fuel compatibility.

Type II fluild is required in the fuel resistance, aging, and gunfire
tests for the self-sealing hoses along with Type I fluid. Here an even
more extreme case of 0 and 40% aromatics are used. (The reasoning for

the use of the Type IT fluid was not determined in this study.)

The Type VII fluid is used primarily as a qualifying fluid for the
polysulfide sealants used in wet-wing fuel tanks, none of which are found

on Army aircraft.

Figure 17 shows the effects of aging time on six major properties of
O-rings; the materials are two nitrile rubbers of different fuel
resistance, and two aromatic levels are shown. The conclusion from this
data is that 1in every case with the exception of "hardness,” all of the
changes stabilized in less than two days regardless of aromatic content.
Table 14 reproduces the "Temperature Classifications” and "Soak Period/
Test Fluid” requirements from MIL~F-8615D, to general specification for
fuel system components. Alternating soak and dry periods are very
determental to elastomers. The first high temperature soak period is 96
hours or four days which according to the data of Figure 17 should be
sufficient to stabilize the degradation. The components are also
required to pass an endurance test simulating the operating consitions of
the component for its design operational 11ife between overhauls; at least
20% of this test must be at the high temperature and using the test fluid
in accordance with the classifications shown in Table 14. 1t is the

concerted opinion of design and test engineers from component
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Table 14. Temperature Classifications and Soak Tests for
Fuel System Component Qualification
Tewperature classification.
High Temperature °C Low Tesmperature
Class |- Fuel and Air °C
A 60°Cc | 75°C 75°C -57°C 124
3 25 25
B 9s5°C | 115°C | y75°C -57°C 4
*5 25 25
c 150°C { 180°C | 315°C ~57°C t4
45 7 *10
T - High operational fuel temperature

Ty - High fuel test temperature

Ta - High ambient temperature

TEST FLUIDS AND SOAK PERIODS

Test Period Phase 1 Phase 11 Phase III
Boak bry Soak Dry Soak

Anbient and = =

fluid test Te T, Te Ta -57° 24°C

teuperature

(Table 1)

Test Fluid

During Soak

Class A Type I11 Type 111 Type 1

Class B Type 111 Type 111 Type 1

Class C JP-5 JP-5 Type I

Period 96 hours 24 hours 18 hours 30 hours 18 hours

Duration minimum minimum minirmum

Test fluids to Type 111 Type 1 Type III Type 1 Type 1

be used for

tests immedi-

ately after

period i
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manufacturers that from their experience most elastomer degradation
occurs 1In less than 50 hours and that any fuel/elastomer

incompatibilities will show up In the test life of the qualification

tests.

In summary it is felt by component design and test engineers that the
components tests for fuel compatibility ace not accelerated tests and
hence that their components are, in fact, compatible with the 307 toluene

test fluid and therefore 30% aromatic fuels.
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VI. SUMMARY

There are no significant pressures to change the JP-4 fuel
specifications especlially in the areas of hydrogen content, aromatics,
and boiling point distribution. Futhermore the Air Force projects that
JP-4 derived from shale o1l should meet the current JP-4 fuel
gspecification, and the hydrogen content may be higher than the average
JP~-4 today; however, there may be a problem with aromatic contents that
are too low. The "alternative fuels”™ JP-5, JP-8, and Jet-A have the
obvious difference of reduced volatility and higher viscosity; JP-5 is
seen as generally a worst case because of its higher flash point
requirement and historically higher viscosity. There are pressures to
increase the aromatic limit on JP-5 to improve availability in some
marketing areas. End point increases also improve avallability if the
higher freeze point could be accepted; this could also lead to a higher
viscosity. ©No differences are seen in thermal stability. Lubricity

could be a problem that will have to be solved by additives.

If low aromatic concentrations prove to be a problem the Air Force,
which controls the JP—4 specification, will also experience difficulties
and will undoubtedly establish a minimum aromatic content in the
specification. The potentially higher aromatics in JP-5 are not seen as
a problem to Army systems. The higher molecular weight makes them less
detrimental to elastomers than the aromatics found in JP-4; futhermore,
the higher limit would have to be compatible with Navy aircraft which

have components and elastomer systems similar to Army systems.

Projections were made on the {mpact of reduced hydrogen content
fuels on the relative low-cycle-fatigue life of the combustors. The T700
combustor was seen as the least affected by reduced hydrogen content.

The results could be {mproved by using actual mission profiles.
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The higher viscosity and lower volatility of the alternative Iuels
will affect the cold start capabilities but the problems will not be any
different than is being experienced today. Combustor tests to determine
the sensitivities to volatility and viscosity of various combustors are
desirable; T63 tests are currently planned for FY82Z and T700 tests are

being considered.

With the exception of some recent field problems with the T700
engine, no current maintenance problems were found that were related to
fuel properties nor were any potential problems identified that could be
aggrevated by synthetic or alternative fuel usage other than those
ment{oned above. Some coking has been seen in the fuel nozzles of the
T700 engines recently. While no detalls were available for this study,
it is a problem that would be aggrevatoed by deteriorating fuel thermal
stability.

Qualificat{on procedures for engines and fuel system components
stress compatibility with a current fuel specification rather than the
sensitivity of a design to changing fuel properties. The test fuels are
designed to be worst cases however and are believed adequate for

currently identified problems.
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VII. RECOMMENDATIONS

This study addressed only fuels that met current specifications for
JP-4, JP-5, JP-8, and Jet A and potential modifications to those
specifications; these fuels are the ones currently authorized as
“primary” or alternate” fuels for Army aircraft gas turbine engines.
During combat or in other periods of extreme emergency, specification
fuels may not be available. It is therefore recommended that a similar
study be conducted to address the potential use of emergency
specification and of f-specification fuels; the scope of the study should
include the impact of such fuels on aircraft performance, durability, and
safety; it should also attempt to define allowable limits for critics’
properties and identify inspection and maintenance procedures to be taken
following the use of such fuels., Since very little sensitivity data was
found relating performance and durability to fuel properties,
experimental programs to develop such a data base will be necessary to
support the above recommendation. It is also recommended that a
methodology for qualifying future Army aviation fuels be developed to
reduce the level of full scale engine and airframe testing necessary to
ensure compatibility between new fuel specifications and aircraft

designed to operate the current fuel specifications.
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Water Alcohol Cells, NAVWEPS 03-10-513, 1 September 1966.
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AIRFRAME FUEL-WETTED SYSTEM COMPONENTS

99




Table
No.

A-10

A-11

A-12

A-13

APPENDIX A TABLES
Page

AH-1 Cobra Airframe .........ciiuiiirniiieitenetnnnnernannannoens A-4

UH-1 Huey ALrframe ......cotviieunnrinienerarnronnecacncnsannnss A-8

OH-6A Cayuse Airframe .........c.oieviinenoneencnearonnesnscsnns A-13
CH-47 Chinook Airframe Non-pressurized Fueling ................ A-16
CH-47 Chinook Airframe Pressure Fueling ................... ..., A-19
UH-54 Skycrane ALrframe .........c.ovuveniinrninnnnncenenannranns A-23
OH-58C Kiowa AITETame :+«:cvcveenonannntonaaensnsnarneesonanneas A-24
UH-60A Black Hawk AITframe -«.cceovuvmmnneieernunenennneenannons A-26
YAH-64 Apache Airframe - «:ceecevernrnononeennonneneeaeenn.. A-31
C-12 HUTON ALITFTAME v cvvvverenroommmennerosanoteonoeanenanans A-35
OV-1B/C Mohawk AITErame ««:e-cetrrercnrrenroisnoretnrnnanenones A-36
RU/U-21 UTE ALirframe .............c.ccuveeonunnennneennnaneennns A-40
UV-18 Twin Otter Airframe ................c.coiiiiiniennenennnnn A-44

100




BOX® 9ATITSUIS-TONJ TEBIIUSIOJ «

*(913E1S) UOIFOl Teas-dn)

* (dtuwreudp) N eung Burx-Q (s29-05L¢) dATEBA-OINY
(18ddod)
1-959-090-602 SATEBA UTRIQ I23IT4
* (otweudp) N eung 3utrIi-Q (z-0ovp-v) S9DTA3(] 013V MEBYS
*(o13e3s) N eung Butx-Q (5-296) aATeRA-OINY (3addod)
1enuep
§-599-090-60¢ ‘aarep ureag dung/1angag
(s1/811MD) sut881ty
‘N eung - joo0g
*auodTITSoxon(y sBura-p (W9S0963Y) drnboxay (s1oddod om3)
Aemexyeaxg
S1-109-£90-502 »‘9ATEA BUTIEAS-F[3S
*92103 Butads
Y3TT °0L-ZO9N °ON IdIed - £IS6Z
SW £q (91,7 .s) N eung s3uri-g
*9ATRA XYO9Yd 39ddod oMy 3xod anoj v (s09zvozy) SITUf) DTINBAPAH UOSUOY
(otweudlp) N eung Suti-Q (68¢-s1d) S[OIIU0] [BIS J[IIT) (s3addod om3)
A29YD
¢-119-090-50¢ [eng ‘aArep projruen
*{9ST 1S) N eung IauTladuu (¥920-01-229951) Xa1301el1ls
*(S€ZSV) N eung IauT[Iduul (¥9z00Z0¥L00T3V) drnboxay
1-899-090-60¢ 9sol Buriesas-3i9S
SINIWWOD (N/d *95W) YFANLIVANNYIN LNINOJIWOD

N/d GWVEdHIV

(¥ILdODITIH T1738) IWVHAHIV vydoDp [-HY "1-V 374V

¥

10l



+ (oT3eas) str3yserd aaereyaud TAT1BAD
10 291S Ssajurels w8eaydetq
saatap do132uBrRW-IOJOW pateas

« (o1ueuip) >yasetd o3ereylud 1A1TRAP
jo apeu asyyrodur dund 1e8n3Ta3u’a)

*(ot3e3s) N eung sButa-Q
* (913818) SUODTITS [e3s IIBYS

(1-891V¥91)

2Q019

1-£59-090-60Z

*1oj0u A1p YaTM dund [B3NITIIUSD (zaoyzz194) 19718015-1%97]
909-090-50¢ 31112913 ‘dumg 35004

* QU TIeUU] (15008) 9u031s91Td

*I9UT [19UU] (z92sS-404) Tekoatun

* IQUT [IIUU] (29£0008V4V) 183Ap0o09

IJA0SSOL)
1on4 Yuel-I93ul 9sSOH

+(otT3E3S) N ®BUnNg 8ura-g
- (oTweuAp) OTIQqEF UOTAU UO
sugdTTisoxoni} jo spEU wdexydetq

{£-0008¥L)

¢£-1¥69-090-602

|yo1Bas9y OTINBIPAH

JI3ATaD3Y ITNIAT) Pasol)

s (>1Tweufp) uoiTpA 3uri-Q
* (213R3S) UOITA BUTI-Q

{s-1lp-1z¢892)
{05269)

1-£5§9-090-602

S$10IU0) 183G JT2TD

a1 [neapAy IBII91S

(19ddod)
pastg ‘eAlep AW

SINTWWOD

(@, 1NOD) (431400 TT3H 1798) IWVHANIV V490D T-HV " 1-V 18VL

r-

(N/d *9dW)
N/d FWVdUIV

YAYALIVAONYR

JININOAWNOD

102




* (otweudp) N eung Surx-g (0Lt-v) SIDTAS( OXdY MeYS
*(d13EB3S) N ®BUNg Butx-Q (¥-096) aATBA-OINY
(3addod)
1-199-090-602 aATep utexq dumg
(21€8)
*N eung s8uta-Q POZTI010)] ‘SATEA
*ajed oy T[OYOTYl Jo apew Syed§ (asvL1491AY) sTox3uo) jelsusy L1l 330 nys Tenyg
*aqny
UMUTUNTE PS[B9S B punole SIpPII 3IBOTH
*snioj 30
aprsur 03 paxt3 Burysnq opIng uofAN
poieudaxdut 3sulew Yy3zIM BOTJIAUWY JO Ud231TIMS 330 InyS
N eung jJo apeu jeolJy adA3 snxo] (o9gspd) uotierodio) aIaA0Y IB0[d [9497 MO
*(o13®01S) 8uTI-Q T®OS I9M0)
* (otweudp) wdeayderp
pajeulaxdur uodTITS WiZ B SeY YO1IMS (v (915591) wexd
‘N eung (otr3eils) sieas
8urx-p y3tmM sded pus wnurumyy
"(£9/£5-91 Buturo) moq)
UCDTITS PpaleuTIon(J YITm palru (so1001) STweudg uedTyoTy UJ1TMS [BTIUSId]
-8sadur ot1aqejy uoadseg s1 wlexyderq -31Q 2anssald YIIM
S-09L-0v0-+02 ‘Arquassy I83114 jony
SINIWWOD (N/d *94W) YTANLOVANNYW LNANOdWOD

N/d FNVIIYIV

(QvINOD) (¥ILAODITIH T1d4) IWVHJUIV VHE0D T1-HY °1-V 314VL

103




(y¥oL)

£-Z¥S-290-¥0Z

BOIE OATITSUSS- [9NJ [BIIUS30] «

sjusuodwo) woisn)

YD1IMS 2INSSaI]

*SISWO0ISBIS ON

(9£9-91%)

1-099-290-60¢

S9OTAD(Q OJay MBYS

193depy

* (otweudp) N eung Surx-o
*(ot3e1s) N Bung 8utri-Q

* (otweudp) N BUNg pox uo rews Juri-Q
‘(ot101s) N BUng 92TS 93IBl Juri-Q

(982-005£-24)

(s£9-91%)

1-099-290-90¢

$9DTA(Q 019y MBYS

»ISTIT4 ¥DD “‘ded

*IsuT[ISUUL (»/£6295-404) [eAoatun
yuel T1and
€/1-259-090-602 Sut[eas-3185/Kyl1omMyser))
(500-0+0-002) 1my
‘uor3zal doi 1e sAl9Ig
+38e8 ad43 adsuearoede) (z£0-800%6¢) spuounutg
JI933TWSUBI] 3ITUf)
209-090-60¢ yuel ‘a8en teng
(11/811MD) sutgsty
(s11£961V) dinboaisy
I1-109-£90-50¢C Aemeypalg ‘dSAlEA YO9YD
SINIWWOD (N/d " 94W) YTINLOVANNYIW ININOJWOD
N/d IWVIHNIV
(a.1N0D) (MILJODITEH T194) AWVHJYIV VH40D [-HY ‘1-V 319Vl

104

il




et B

(vo9zvozy)

(1-292-¢1d)
1-689-190- %02

gade SATITSUSS-IoN3 [BTIUIIO] &
pepniout are s3utrdnod Aemeyealq Tie 3ON «»

dio) satun dTINRIpPAH uosuoy

189S 921D

aAtep Ioyesag uoudrg

*N eung s3urx-o
"831e8 303y (EaSs [OYOTYL

(az991491 AV)

€~219-090-50¢

ST0X3U0) Teiaudn 111

(a1e8)
pa2z II010K

‘onTeA 33oInys 1an4

* (oTweudp) N eung Suri-Q

*(213e3S) N BUNg SUTI-Q

(1-0L%-V)
(s-9.96)

1~159-290-502

§93TA3(Q O3y MBYS

aATEA-OINY

(19ddod)
Tenuep
‘OATEA UTRl(

"(213e3S) N Bung SUTI-O (219.96) aaTeA~0INY (3addod)
1enuel
‘onTep utelrq dung
‘ (omweudp) N eung - 300g (11/811 MD) Sutdg Iy
-guod Ty TS0ION(3 SUTI-Q (c11$96 4v) dinboxay (s1addod t1ENp)
Juiteas
11-109-¢90-S0¢C £ x-3198 ‘dATERA YOOY)
‘(ssz dinboasy) N eung IsUTTI2UU] {9¢£0r665,0014Y) dinbouiay
(95T Xa1§03IBIIG) N BURG ISUTTISUUL {9££0-01-1,994) X3]3038131S
6-059-290-502 9soy Julyess-jIas
SINIWWOD (N/d "94W) ATANLIVANNYI LNINOWOD

N/d GNVIJYIV

» (431dODITEH T738) FWvAAMIV AINH T-HN  "Z-V 374Vl

105




-(d13e38) N Bung s3ULL-O
-33eYS U0 [E3S 90L) UOYIE)

g ————— e e e

syereyayd TATTRAP 10 2938 ssaTureRlsS St
w3eaydetp daT1p s1l1eudew-1030W pRTEAT

» (oTweUAP) 23eTRYIYd TATIEBAP

jo apeu 1a1edur dund jesnytiiu3d

- (213835) N BUNg JIE sguta-Q
- (o13e3S) JUOITTLS ST TESS 313eys
7030w Axp y3tm dund 1e3N3TIIUSD

‘xaqqnu 93TITU ‘1autTTI2UU]

‘(oT1RlS] N BUNg Juta-Q
* (oTweufp) uofAu I1o
suodrIIsSoioniy Jo dpEw wSeayderq

-uot3al dol 1e 3A33(S
-a3e3 adA1 sdoueitoede)

SINIWAOD

(0Lpz1 ¥ 1971891g-183]
(515£-09) 21TY-0IPAH
§-£09-090-502 JO10K
a1y ‘dwng 3s00g
-orisetqd
(z-891vyo1) 39019
(zaovyzZl 9Y) 1579915-aB3]
909-090-50¢ 1e21130913 ‘dung 35004
!
(P10££9142) 1824p00Y g “
[19) 1ong ‘3uriess
L-$€9-790-S0C -3195 AylIomyseid
(5-000¥¥2) yoa1easay OTINeIPAH
(5/101¥22) SuT33In
§-159-090-60¢ aroeadanay ¥DD/AITARIY
(66910-v00¢ 6%) UOTSTOdI4 SPUOWUTS
aougitoede)
€-¢89-090-v0Z ‘a8e9 AL3tiuend lony
(N/d 9dn) ATINLOVANNYIN LNINOJWOD
N/d AWVEAEIY

AC.HZOQVﬁmmkmouHJm: 1739) IWVHAIIV AINH T-HA *Z-y 3149vlL




wa3sAs [any AJeI[TXne Y3 uo pasn axe sijuduodwo) .,

*dTIqey ‘JaUTTISUU] {1z155-4904) Tedoatun
STT12D
¥/€-129-190-502 vy 12N AYaOMYysea)
* (dtuwreusp) wdeayderp (915891) wexy
pajeudaxdut uodTTTIS ,%Z UYDITIMS 4y
‘Terialew (d13e3S) BUTI-Q [EBSS I3A0)
‘Tetaajeu (911B3S)
sTeds Juri-0Q yitwm sded puds wnuiumiy
*JUSWA[S ISITTF
pojeard paijeudoxdur utssa Axodg (s01001) sotTweudq uedTudTR Y211MG
1BT3UdIDIFTA QINSSaId YITM
09,-0%0-v02 A1quassy 193114 19n4

* (dtweulp) N eung 3uta-Q
*(o13E38) N ®eURNg SuTI-Q

* (dotweudp) N eung 3ura-Q
‘(o13e38) N PUng SUTI-Q

(651-00S¢ Dd)

(0£-00S¢ Dd4)

$9D2TA3(Q OJay MeYSg

¥d3
A11aexy ‘deny 1917114

*0Z-21S6ZSW 3uta-Q

(NLZ 956 3V)

[-159-2¢90-S0¢

dinboaay Juriess
-319s “Burrdnop
329UUOdS I Y21INdH

*8utqunid o3 dund 35 s3d55uuo)
/ {o13e18) N ®BUNg BUuti-Q

‘OPpTISUT SAdWOISBTS ON (0013019) IFRIDITY UBTTY
*9PISUT SJISUWOISETd ON (1-900VST) SOTIISNPU] UTIMYIY
(dund xo0129(3)
$£9-190-50¢ dumg 3sp
SLNIWWOO (N/d *94NW) ATINLIOVANNYA LNINOdWOD
N/d dWvdddIV

(@INOD) (¥3LAODITIH T11d9) FWVYAYIV AINH T-HN "Z-V 319VL

107




ﬂ! R e - T —— \uuﬂlﬂlﬂﬂﬂllllllillllllll{“

waisds fony AIBI{IXne Jyi UO pdsn ale sjuauodwo] ,,

* (dtweulp) aqniy
wnuiuni{e pa[eds B punole SIpTI IBOT4

*snxol 3o
apIsul 031 pax1ijy Burysng apInd uorAN
*q1eo13 ut paileudoxdur ouiew YITM eOTISWY IO (ys11Ms 4
N ®BuUng jo apew 3eorj 3dA1 snioj (z-0L0¥2-4) uotjeaodio) 31943y pesx 12As1 Tenp)
J3oinys
) ¢19-790-v0C xx‘YOIIMS 2BOI]
- (d13®38) d13IseTd @a3ereyiud 1£11EAP
10 T9931S SSITuUTEIS ST wdeayde1q
i *3A1ap O139ulew-i03jow PRTEIS
- (otweudkp) @3ereyiyd TATTRAP
jo opew 1ayrodur dund Te8n3jTaiuad (991VPOT} S9TIISNPUT 9GOTYH
@
-{913B3S) N ®BUnNg 3Ie SBULI-Q 2
*(913e3S) SUODTITTIS ST Teds 13eyS
m -1030w A1p y3tm dund Te3nyTIUd) (z085z21 94) 1918915-J891
£-929-190-S0Z 21xX39914
xxdumg 1o3ysueaj
-§JTJBWOIE PISEBAIOUT I0F N0 39 PInoys (1-292-€1d) S70a3U0) BSOS BIDIID
“(160LT~d-TIN 10T 19347)
uorAu jo apeu (otweudp) [led
“aATBA 3USA [1eq papeoy 3utads y (yo9z¥IztY) 31U OTINBIPAH uosuoy
{ 29ddod)
1-689-190-+¥0Z «xdATBA 1QUSBA
3
SINTWWOD (N/d "94W) ATUNLIVANNYW LNINOWOD

! N/d AWVIIATY

(@, INOD) (YILJODITdH T134) IWVYAYIV AFAH T-HN "2~V J78VL




-

wa3sAs [oany AIBITIXNE Yyl UO Pasn e sjuauoduwo)

109

-1910wRTp K1 ‘sserd pojeudaxdut

uoryoL Y2ty: ‘[uw 11 wdeayderq (9r-1-2099¥) $1013U0) Pol1EpI[OSUO)

«xUD2IMG 2INnSS3ay
* (d>tweudp) N eung 3uri-o (yS-94Z1-v698) STOI3UO0D [BAS A[IITLD
(£8029-V) uosutA

(3addod)
£29-190-502 »x2ATBA Y23Y)
SLNIWWOD (N/d “94KW) ATINLIVANNVI LNINOJWOD
N/d IWNVIIYIV

(@.INOD) (¥3LdODITIH 1194) IWVYAHIV AZNH T-HA "¢V FT18VL

S




‘N eung s3uti-Q

TUoOT¥SL [®dS T1EY (8Z110VZAV) $70J3U0D [BIdUS) LLI
*N eung s3urx-o (renueu
‘uotjal Teas TTed (9v1as8) 1FBIDITY UBTTY ‘BATEBA TTBQ)
A1quassy
69Y8V69¢ 9ATEBA FFOINUS 194
*Ielsw 03 [e3law aAres jaddog
*(d13e3S) N ®BUung Bura-Q (1-00T10L) YdI1easay OTINeIpAH
SATEA FFOINYS 3UT]
0Z¥8V69¢ juap 19ng AdusSiswy

*3UODTTTSOIONTY IBAS

ouodTITSsoxon(y sBurI-Q (rzzise av) dinboaay
(10/201 MD) sut881y (3addod tenp)
Aemeyeaag ‘oArep
L9Y8V69¢ JUSA 119D 19ny
*QUODTITTISOIONTF 1SS
*auod11Tsoronyy s3ura-Q (Hbz1L6 1V) dnboaay
(10/801MD) sutr331p (2addod tenp)
Aemeyeoxg
891V8V69¢ QUIT-U] ‘aATBA TONn4
(2£10433S5295T) X3[301BI1S
*(s¢z av) N eung JoutrjIauul (zsTOrLbT800TaV) dinboasy
98V8V69¢ asoy Juiieas-3Ios
SINTWWOD (N/d "9di) YFUNLIVANNYH LNANOJWOD

(SYILJODITIH STHONH) AWVHIUIY

N/d JWVHARIV

dSNAVD VO-HO ~¢-V JT19Vl

110




re

*(o13e1S) ot3Iserd ajzereyiyd [A7TeAp
10 [933s sseqjuyels wleayderq
*9ATJIP OFl3uBew-1030m paTEIS
- (otweudp) or1iserd ajereyiyd TATTeAp

BPIIE SATITSUDS-[ONJ JEIIUIIO4 ,

jo apem 1ayladuwr dund [Ee3nyrizuay (re1-voo1) 2qo[9
{or-£01) My L
cYI8VE9E demy 1soog 21115313
‘N eung Jlaurfieuu] {8sL0008vrv) 183Kpo09
Butiess-319s
S9y8V69¢ ‘119D 19Ny
SBurtaniay
(1-001¥vL) 191899y JT[NEIpAH jutod aydurs
‘Alquassy JIATIIY
1L¥8V69¢ ITMWOIT]Y Pasoi)d
{(d25HMD) sutd3dy
Aemeyesrg
0.Ly8V69¢ ‘aaTep L1t1ARIg
(g-0015LL) Yoaeasay dtnedpdy
(49SH) sutrddy
« AYIIOMYSBID-SATEA
‘8utTeas Yitm WSTQOXJ Z8p8V69¢ urexg ysny
. S1SLZ9-99 a1q 3nid yaeds OV . 191310
2d4A3 soueiroeded e 30N SYZYV69S 1jeIdaty saydny -sue1}-£313UEBNY [aNy
SINITWNOD (N/d "94W) YTUINLIVIONYN JININOJHWOD
N/d dWVHLEIV

(a.IN0D) (SYTLJODITIH STHONH) FWVHJHUIV HSNAVD  V9-HO

Te-V F18VL

111




—‘---------------------------------------------------«

*(o12e€3S) N Bung ([rews) Buti-Q

BAJIER SATITSUIS- [dNF TBTIUSIOG ,

*(a13e35) N ®'ung (31q) Butri-Q (05-91v) S931A3(Q 013y MEBYS
«ded 37114 ¥ID
*(213e38) N ®Bung Buti-p (z-100S¢) S9OTA9(] OX3Y MeYS
*Assy de)
Ia[114 A1TARIYD
SINTWWOD (N/d " 9dW) YTANLIVINNVIN LNINOIWOD
N/d IWVIJYIV
(@, IN0OD) (SYFLJODITAH SHHONH) IWvH4HIV ISNAVD V9-HO "€£-V TVl

112




‘uoy3yal do3 e aAd91g

(8v1-,50T16¢)

(v00-£00-210)

BOJEB IATITSUSS-[ONG [BIIUSIOJ,

UOTSTI914 SPUOUMITS

au10qITy 11N9

tun
‘odA3 sduejtoeden TLySdbTT jue] ‘o0qoxd 1ong
(ot3e3s) N eung 1eas 3uti-Q
{oTweudp) y uol3TA OSIp UO [eas papuog (1-00%022) Yyoaeasay JT[nelpAy
(xodder3/3utims)
¥-29¥Sdvit SATEBA YI3YD
(Acd) sutd81y
* (o1weudp) auod1yIsoronty (eds Suri-Q (1-00S2LL) yoxeasay OTINeIpAH
(1addod)
SOVSdvll AATEBA UTR1(Q
*(o13831S) N BUNg [eEas 3uti-Q
* (oTweudp)
N eung JoT[aJ [BWISY] UI [B3S papuog {(1-00¥v1¢) YoIeasay OTINeapAH (13dde1j/3uims)
‘Buta-p ostweudg yiwm uoistd uolAN x JOTT9Y Teuwaayp
9SPSdvTl ‘oaTEA YI3Y)
‘N eung JautriIduul (zos 3av) dinboaay
99Y¥SdY 11 asoy JurTras-31ag
S.LNFWWOD (N/d "9d0) YFANLIVANNYI JNIANOIWOD
N/d FWV34HIV

(TOId3A 9NIF0E) ONITING AIZIUNSSTAA-NON FWVYEJHIV NOONIHT JLv-HD v~V FT8Vl

113




4

‘N Bung sdutai-Q
*10jotyy Ssieas a3ey

{a89ST99TAY)

2-10¥Sdv 1T

BOJB AATITSUSS~TANJ [BIIUIIO0J,

S1ol3juo) Teisusy LLI
» UBATI(]
I010N ‘SATEBA 93BY

‘oudadarey juodng wdexydetq

‘N BUNg STEB3S

‘1jeys U0 [BAS 9dBJ UOQIE)
*x01ow ‘3@ AIp yarm dund suep

(905151 DY)

Xa18018-IBR]
USATI(] JO3OW

0T0vdbIT ‘dung zomod AxeryrxXny
*N Bung 3urx-Q (0S-91¢%) S9I3TAS( OI3Y MBYS
den 1817114 LitARay
‘GZ] PTWESIBA STTTW [eIaUd) I0IBATIIIY
828 uodg 119Yys punodwod Sutizod
‘N BUNg STBaS
‘1030w D'V 33mM yiwu dund redngyrizue) (8002Z194) I218215-1897
I1TpdvIT x 2TI32917 ‘dumg 1soog
"OTIqeF JJUTTIOUUI (£95954D4) Tedo1tup
‘N eung IoutIauul (¥0,0008VrY) 1eakpooy
Burreas-3j19s
1-6SPSdPIT Axeriixny  ‘sy1a) 19n4
ITIqEF JIdUTTIBUU] (7959540d) TeLoxtup
"N Bung JISuTTIDUU] (S020008V(V) 1e34po0YH
gutiess-319g
1-8SvSdy11 uten ‘syyen ovii
SLNIWWOD (N/d "9dW) YTANLIVANNYI ININOdWOD
N/d FWVYIHIV

(a,I1N0D) (T0L¥FA ONIFOE9) ONITINS AFZIHNSSTYd-NON FWVIANIV NOONIHD OLP-HD “¥-V TTEVL

114




)

*(913®238) N BUNg JI0 QUODITLS gutx-~Q

‘y38uaIls I03 I9qIF SSBI3 PIdeIIdnIU] mmumwﬁmw
- (3uogng) wITj-H IO o -3 o0 (z-6211)
‘uoyyel 3O UYd31IMs
13°L 30 yo>1TMs paienide weayderg (1-6211) >1215013-2APAH
1-L0¥Sdv1t YIITMG 2INSSII4
(6p02¥SL) 107e]0INg
-guodTTISOIONTF BUTI-0 (1-005094) Youaeasay JT1neIPAH
(2addod)
1-LSPSdyvit SATEA IUBA
- (o11e3s) N 'ung S3ULI-Q
- (otweulp) N Bung [eTI3)EU OSTP 1addog ($0-0019EA) Sutasautfug I02TBA (1addod
paieiado pPIoud[os)
2-20vSdb 1l SATERA 1012918S 19Ny
S.LNIFWWOO (N/d "9dW) YTANLIVIONYIH ININOWOD
N/d FNVEIEIV

(a,IN0D) (T0LY3A ONIZ08) ONITINd (IZI¥NSSIYd-NON WV IV NOONIHD DL¥-HD  “v-V J18VL

115




-I2UT] OTIqey

“XoUT] STILITU

sey (19> jeloitun

sey 119> Iealpooy

(£9595-4D4)
{(y0L008VCY)

1-6S¥SdPTT

1eL0aTuf

I8alpooy

BurTeds-319s (Aretiixny)
S119) 1904

*IQUIT JTIqEF

-I9uIl 91II3TU

sey 190 1eAOa1Up

sey 1199 I1eapooy

(295954D04)
{saL008vY)

T-8StvSdP 1T

1eAoxtun

Ie3Apooy

Bur1eds-319S
(uten) S119) 19n4

9883 od41 oouejroede)
‘uorya) dol e 9A99IS

(8¥1-.5016¢)

(¥00-£00-Z10)

UOTSTI9Id SPUOUTS

2UIOQITy ITNYH

itun
[LySdy il juel ‘aqoxd iani

N eung Isutixauu {zosav) dtnboxay
99%SdH 11T asoy Buryeas-3ras

‘(313B1S) 9ATEA

uteap joddod uo N eung sJutx-Q (00SLLL) yoaessay DIINBIPAY
SATEA UTERIJ 21IBSUDPUO)
605SdrT1 1usA puy dung yue]

SINIWNOD (N/d "94W) YN LOVANNYR JNINOJWOD
N/d GWVIJEIV

(T0L¥3A ONIF0E) ONITINJFY TUNSSTUA HLIM IWVMSAIV HOONIHD G/D L¥-HD

‘S-v 18Vl

116




* (oTweudp) SATRBA JUIA
joddod 103 auodtyisoxonty Bura-g

BOJIE OATITSUSS-TONJ [BTIUIIO{,

*(o13e3s) asidepe ur N eung Butra-gQ (1-0o0¢v1L) UYdIB3$9Y OTINRIPAH
191depy
CIPSdYTT durtenyay sanssaiqd
" (o1Tweusp)
3ATEA Y29yd> 3oddod ur wojrp Suta-g
" (otweudp) Ixeqry
ssel8 poajeuloxdut uoyyel reos driq
*(do13e3s) duodTITSOIONTF Fura-Q (008.8¢) yoIeasay OS1IneIpAH
aATEA 33OINYS
1-60¥SdV11 duryonyay sanssaxyd
*(o13e35) QuodITTsoxonty 3addod Bura-g
*(oT3e3S) SUOdTTTISoxonyy sdutx-p (0081T1L) UY2Jeasay OJTINeIpPAH
aatep 3a9ddog 2
80vSdY1T ‘Butiity Aemeyeaig
‘N eung Suta-q (0S-91% SKH) S3D21IA3(Q 019y MEYS
dey xa1114 A3t1ARIn
(SZ1 pruesiap [elausd J03BATIOR)
878 uopg [1ays punodwod Jurijog
‘N 'Bung syesg
~10l0uW ‘'Y
39m yatm dund TeSnyraud) (d00zZ194) 1978215-1897]
IS Z: 1201 » OTX10917 ‘dung 3soog
SLNIWWOD (N/d “94W) TINLOVAINNYIW ININOAWOD
N/d IWvaddIvV

(Q,INOD) ('TOL¥IA ONIHO4) ONITANAY FUNSSTUd

HLIM JWVY44IV NOONIHD a/D Ly-HD "S-V FI4VL

117




(6z11) 51310019-81PAH

1-L0¥Sdvvl Uyo1IMG axnssald

{aATEA
+91iqe3 uorAu uo N eung ST I9%SED {00992L) yo>1eosay 3TNeIPAH adA3 2€013)
*ASSY
gLYSdAv1l 1013u0) 13491 1on4

- {21181F) suodoITIS0IONT3 guti-o

.mu«amcxou
s1iqed ucJxde] uo auodT1yTSoION1]
ST 9ATERA yI9Y2 gums U0 1€9S 2s1Q acochmv yoieasay uaasmwcxm (1a3suedl
1onjyal ¥2942)
c1ySdp il ATquassy piojtuel

- (5TWRUAP)
>1aqe3 uo{du U0 suodtitsoxoniy St
aATERA A2IYD gutms uo (e3s as1d
‘Auﬂumwmv suodT]TIS0I0NT3 gutx-0

- (213€38) teae
suodT{TS0IONTI 1oddod uo 3uti-0O (00611L) 421895dY 51 nEIPAH Suims YITH awos)
anjep 39ddod
y1vsdr il gur13td Lemeyeaad

e

-(213835) 9ALEBA 1addod Aemexeald
uo 1es9s auodT{1s0I0N1} guta-Q (1-008012) yo1E353Y 51 (nBIPAH
dung 10333(3

$1ySdyll 53uoAeRdS Pro3tueK

(N/d " 9dW) ATWNLIVANNYI INANOJWOD

N/d AWVAUIY

SINIWHOD

Am.hzouvaOPmm> 9N1708) R REIEER] TUNSSTYd HLIM AWV AULY JOONIHD G/D Lp-HD 'SV EREAN

118

PP,




——— 1hlllll-|lllll|‘I|:||||l||lll|J-.‘

pale SATLISUSS-[8N] TBTIUSIOJ4.

PRV S e

-(o13E38) UOIIDL dnydeq 3uti-Q

-(o13e38) N ®ung 3urI-0 (£-910S1Ad) SOTI3IBUAS
{300uu0dsIPp %¥>1nb)
16vSdvit s8utdno) -
-uojAu paritF sseld - guisnoy (ypssLy) suomuIS (3303nys dumd

- £1dus yuel)
103s1wiay]

*1923s 30 ST [1®d
- (o13®318) uoyAu Jo s? pY:E1N

- (213835) N eung s3ULI-O {101-10910064) auaBoaag
{uTRIp 23IBSUIPUOD)
Z-61pSdV Il SATRA 1BOTY
‘jun STes3s

-(o13e3s8) N eung s3uli-0 (sspssT/vsvesa) s71013u0) J9YBIITUM
« Po1e13dp
p6rSdy1l 10310 ‘BATEA 33vH

SINIWWOD (N/d "9dW) YTANLOVANNYR ININODIWOD
N/d IWVIIYIV

(@,.LN0D) (T0LY¥HA ONIZ09) ONITIN4TY TUNSSIAd HLIM TNVY4¥ IV NOONIHD a/d Ly-H)  US-V 718Vl




_—

CLAVEDYIV ANSHOMIS Ad aqydnLovd
-ANVIK OSTY ¢ MMVH MDVTd vG9-HN THL NO aIsn SINO JHL SV dWvS IHL WV
SINANOdWOD FHL 40 ALIMOCYN FHL "~ LJViDYIV OISHONIS WOdd FTVIIVAV ION

SYM SININOAWOD (3Lidm TInd AWNVILEIV PS-HN 40 ONI1STT (ITINILI

(N/d T0dW) YTYNLIVANNYR LNINOJWOD
N/d IWVHAHIY

SLNIWWOD

[ LIVIDATV ANSAONIS) FWVEAEIV INVYOANS ¥S-HR "9-Y BELANE

120




‘N eung Jsutjgsuuj (9950008V(Y) I1834pooy
*21Iqey IJurTIaUU] (sv6L%) 2U03SaITH
209-290-90¢ Ayaromysex) ‘yuel ranyg
‘uorAu parrty sserd - Bulsnoy (621-L5016€) UOTSTIdI Spuowuts (edue3roeded)
1ang MOT7
509-290-90¢ ‘ze33TWSUBLL A3TIUEN]
‘uorzal doy 3e 2A93IS (100-68016€) UOTSTO9Xd SpUOUUTS
-a38e3 adA3 eoueitdede) (adueitroeded)
$09-790-90¢ J913TUsSuell A313UBNY
‘(or1e3s) N eung Futi-o (1-0¢8-V) §85TA9(Q OI3Y MEYS
Tenuey
€09-290-90C ‘9ATBA JFOINYS
- (o1weudp) auodstrIsoronyy Furi-o
*5d£y 3addod (1-005082) yoaeasay OT[NBIPAH
(10/10T MD) sur33iy
(3addod)
1#09-290-90¢ SATBA YI3YD 19Ny
*(9ST 1S) N eung JIauritoul] (01-191) X273038I1S
Aemeyealg
019-2%0-90¢ ‘9soy Sutreas-319S
SLINIWWOO (N/d "94W) YFANLOVANNYI INIANOIIWOD
N/d IWVEIEIV

(YILODTTIH T1138) FWVHIYIV VMOIN J8S-HO "L-V H14VL

121



r— N

*agNy wnurunye 4
Pe1eaS B punole sapti 1BOTAH
‘uo{Au Jurysnq apIny

‘282073 Uur polrudaxdur jauew yiIm BOTI8WY JO
N eung jo apeuw 31eol3 ad43 snio] (z-0L0VL-d) uotjexodio) sxasay
yo31IMS
-290-90Z 180T T8A9T MmO
(LgTVPoT) S3TLISNPUL 2GOTH
*(913B3S) UODITIS TBdS 13eYS
*(o13®825) N ®eung sdura-o
*1030W *H-Q
A1p yitwm dund 1eSnytaua) (10 ZZ1-¥Y4) 15718915 -a897] ~
1-829-290-902 3TI1%97g ‘dund 350094
*(otweudp) N eung 3uti-g (91-296) dATEBA-OINY
(1addod)
1-0¥9-290-902 aATep uteaqg dung

*sieas (913B1S) N Bung Suta-Q
*{(oTweudp) uorfu uo

aupd1JTs0aony3 jo speu wdexyderg (6-000v¥L) UdIeasay Jd1[neapiy
(60/101 ¥22) sut88TH
a1oeidanay t1onyg
6-199-090-902 A3TARID/ITNDAT) PIsO1)
SINIWWOD (N/d "94W) YTUNLDVANNYI ININOJWOD
N/d WVH4Y¥IV

(G INOD) (M3LJO2ITAH 1144) FWVHJYIV VMOIN J85-HO .-V 414Vl

NUEDUUF SN R e



g

*(21383S) SuodTITTSOXON[F SBUTI~Q
*(d13E38)
uoqaed papuoq ST [€ds IATeA 33E)

(#11-000SA)

101-¥20£0-20£0L

BoIE 9ATITSUIS-[oNJ [BTIIUSIO «

1027BA

(aATeA
388 psierado ‘108)
3ATEA FFOINYS duiid

-8ursor> pue Sutuodo A13iuelsuc)

(zZ01-88005L7)

utTuuey-Iayxed

‘(a1aeds) N eung Tess 3utx-Q (39ddod)
*(otweudp) uoryal [eas Juri-Q ¥CT-L00£0-L0S0L »OATEA JUSA
.ﬁuw¢mpmu [eas N eung (9909083V) dinboxoay (zoddery)
(otwuedp) xsqqnu SaATeA Aemeyeaad
STTIITU YITM POISAOD UOISTJ €0T-Z00£0-L0S0L Burteas-3ias
‘UOTJAL ST 2A39Ts TTed
*(ot3e3Ss) N ®BUNg S3UTI-Q
*(o13®3s) Bursnoy N eung
pezTued[nA e 3suTede syeos [led (z1-/11-9018891) uaily (poa3ssoxd> 11Bq)
’ 1031097938
Z11-900€0-L1¢S9 189Ny ‘SATEA [BNUBK
- (o13®35) UOqIEDOION]F Buli-p
*(o13e3S) N ®BURg 3UTX-Q
‘(dTweudp) N eung laddery uo [eag (£5108) ua {1y (Butms \51)
Leme)BaIgquoN
T101-,0080-L0£S9 x “OATEBA XO3YD 3IBTU]
‘N Bung IsutlIauul (zosav) dinboasy
asoy Butrieas-3I9s
SLNIWNOD (N/d "94W) YFANLIVANNYH ININOdWOD
N/d IWVIDIV
(LAVEDYIV AASHONIS) TWVERIV NMVH ADVId V09-HN *8-Vv 974Vl

123




TN

n e —— . m—

‘uolAu parrry sseld - sursnoy

(010 -08SZL¥)

0I1-v0020-L0¢€0L

UOTSTID3314 SPUOHMITS

(adue3roeded)
28e9
Furuyem [3Aa7 MO

‘uor3al doi 1e aalarg
-28e8 adA1 sduejidede)

{(687-£5016¢)

80T-v00£0-L9%0L

UOTISIDDI4 SPUOUMTS

(aduelToeded)
I0SU3S TaA9T

‘N eung Suta-g
*N eung [req ‘uotdu 1xasug
‘Tess N eung ® sey ATquUasse I3uyeisy

(101-9000442)

101-Sv020-L080L

UTJTUUBH-I3YIEd

(4oays Fuims)
uTey ‘SATBA IDOTU] TNy

‘N epung 3uii-Q
*N BUNg TTBqQ ‘UOTAu 313SUl
‘{eas N eung papuoq Sey A[quasse I1aurelay

(101-£5004L2)

10T-¢¥0€0-L0¢0L

UTFTUUBY~INIB]

(yoay> Burms)
PeaJssoa) ‘aAlBA )Y23Yy)

*SJI9W01Se[3 OU - 1BIS A[peaN
‘eecy 3733Yiuds ST 3BOLA

(601-94004L2)

£01-21080-20£0L

UTJTUUBH-IdIrg

9ATBA Fioinys
30114 12427 Y31H

N oeung yaimm

p9120d d1aqel uorAu e sasn wudesydeig
"N eung 8uti-o

[eas N eung papuoq sey 3addog

{101-2500222)

1a1-920€0-20¢0L

Ul TUUBH-I3Y 1B

(13ddod)
aATEA [3nJ3g/TTy

‘SISWOISE[d OU - IEDS D[PIAN
‘weo0y aueyladn prdtd St 1BOYL

(687585-<Z¢T)

I01-S2080-.L0¢0L

utjTuuRH-I9YIEd

SATEA
330INyS [3A3] MO

SINIWNOD

(O INOD T LIYIONTY ANSHONIS)

(N/d "9)
N/d AWvHANIY

WNVAAY IV NMVH NOVTIE VO9-HN

HIUNLIVANNY

LNINOJINOD

8-V I74VL

124




-6 3sED 13098 WE punoduod 3uT330d
-(dT1E1S) UOITA T®3S

eale SATITSUIS -[9N3 TPTIUSIOL «

-10300 "D°d IOM YITM dumd suep (908995 W) ia13e15-38971
Z0T1-500£0-20£0L ndy io3 demg durxd
‘N BUng JSUTTJIDUUL (91pzy-9-147) 1e3{poo9 quel
[ond Ayiaomyselr)
Z01-£0080-L0S0L Sutr(eas-319S
(£0/101422) sutr38iM
A{quassy 19AT333Y
(10/TOTNDD) sut381Mm
A1Quassy a12zoN
-\ Etung pue sucdtilsoroniy syess {5£50%L2) utjtuuel-JIoyied (1addod)
-syeas N eung asn yaoq j1addod pue Burydoed (4dS 2 ¥20)
-[eas 2uOd1]IsOION(F SEY A1quoasse yoddog 101-110£0~-2050L aroeidedoy Buiianiay
-pues {1UAWUOITAUD JUBUTIWEIUOD
e ur) QUOOT[TsoION(3 Sutx-gQ
-uteap 03 ysnd ‘syed] (zz-41L6) JATRA-OINY (33ddod)
1enuen
€01-810£0-L0%0L +‘OATEA UTRIQ dung
SLNIWWOD (N/d "9dW) YTINLIVANNYR ININOJWOD
v N/d IWNYHIHIV
(d.INOD) (L4VHI¥IV ISYONIS) IWVHAYUIV AMVH V18 VO9-HN "8V T19VL
AR L

125

i R




*3TY UOTSud1Xxs d3ued juey AIBITIXNE aYl UO pPIsn adle

‘N e'ung Joutixauuf

(£252¥-9-142)

1010£-04004

axay po3si] sjusuodwo) «»

1eaLpoo9

«x MUBL AYylIOMYySBID

SurTeas-J1oSuoN

‘uorjyal do3 3B 8A097Q

(LvZ/9¥2-15016¢)

Z0T/0T-2010£-0L00L

UOTSTIaId SPUOUTS

{(9oue3roeded)

«x38e9 L113UEN) tong

(M1zZSAY) sut881pM
xx OATEA
Z0T1-1060¢-0L00L JOorTay sanssalyd
(Wy19089V) dinboaay
Z0T-7080£-0£00L
(ds19083v) dinboxay
*I9qqnX TTIITU
Y3IM paIdA0d ST uolstd wnuiuniy €01-£0T0%£-0L00L
<auodTTISOoIONTy sdura-p
‘N BUNg ST [BS punoy (d919083V) dinbouxay (ad£y aaddery)

:3UTMOTT0F 3y} 9ABY SIATBA [TV

Y01-£010£-0L00L

x» SOATEA Aeme)ealg

JurTeas-319g

*(21383S) N ®BUng Burx-Q
*(91318318) UOTJa]l 9JB STE3S
*(913®3S) UODTIITS Burx-p

Q2902991 AV)

£01-590¢0-L0£S9

$]0X3U0) [BIUSY LLI

POZTIOION

»» ‘9ATEBA JJOINUS

SINIWWOD

(N/d *94W)
N/d AWVHAYIY

YRINLIVINNYI

(A.INOD) (L4VHOYEIV ANSIONIS) FWVAAYIV JAMVH ADvId VO9-HA 8-V FTEVL

JNINOdWOD

126




<31y uorsudixa afues Huel AIeTIT

XnE 9yl UO Ppasn die dIsY paIstl squsuoduo) xx

- (apTyMey

08esTy)) SULAITS 3O TB3S dtn

*giowolseId N 'uny

-13eys U0 [Eas 3JeF uoqJae)
-dund 2dA1 auep (0979¢ ¥d) 1218015-1891

101-881£9-00219

51132913
oy ‘dumg a93suel]

- (oTweuAp) sseld pajeudaadur

Y23IIMG 2INSSIIJ

voigay Wotys ‘1@ 11 wdexydetg (9¢-T1-,0994) s{0l13u0) paIEPITOSUO)
SINTWNOD (N/d "924W) YAYNLIVAANYIH
N/d dWVdddIV

(a4 INOD) (L4VEDUIV XHSHONIS) TWVHJYIV AMVH ADV1E VO9-HN 8-V I18VL

LINANOAWOD

127




- (oTweukp) uo13dL 1®1S

(1621391TAY) $1013U0) [BL3UdY LLI

SYOZY9llC-L

-N eung s3uti-0 12430

-Juta-Q UOIIA

*9ATEA )YO3YD 1addod

‘yriqey uo(Lu uo N BUNE [BeTI318K
SAIBA PIIEBATIOE wdeaydetrq

{006£VL) yodeosay d1[NedpAH

£00ZY9T11Z-L

- {st2e3s) Buti-0 N Bung
-311qe}d uoldu uo N eung 1B1I91eW
SATEA POIBATIOE wdeayderq

(pog9sL) yodeasay 1NeIPAH

Z00Tv911Z-L

(8nid testapuriLd)
anjes
j3oinys 1iemadty

aATEA 10114 180d

330INYS [0I3U0D [3437]

- (o1wmeudp) JI9qqnt ATIITU YIIM
poianod St uozstd wnurumiy
-y eUNGg SBUTI-0

(ad43 1adder3)
anTep Aemeyealg

N eung [EB3s punoy (gss 183v) dinboiay
1e01dAL
1v0Zbo11Z-L

N eung JAUT[JI2UU] (¢-61250£3V) dinbolay

SINTWWOD

(N/d T94AW)
N/d dWVdTY

€2/TT-120Z¥911C- L

Y TYNLOV ANNVI

(S¥3LdOD1T3H SAHDNH) TWvd 41V JHIVAY to-HVA  "6-V H18VL

gutlyeas-313s ‘3SOH

INFNOIWOD

128




21IqEF ISUTTIdUU]

(zs8LE)

1001¥911C-L

au031SadTy

pud “uel 1ond

‘uorzal dol 1e 2A991S
-a8e8 odA1 adueatrdede)

(zL£-10016¢%)

1eoT1dAL
SLOZY9TIZ-L

UOTSTJ91d Spuouts

Josuas Litrauend [ong

- (oTweufp) uorjol ST es§

(£6Z19ZAV)

¥00Zv9T1C-L

s]ox3uo0) [eId3ud LLI

{satEA 1T8Q)
SATEA
Ja9jsuex] 3joinys

(DD8-00¥181)

£9002ZvL1T-L

$3TJ1SNPU] Pplo]

SATEA Y3
19n4 AJeriixny

+(213e18) N BuUng S3UTI-Q
-zoddey3 uo [ESS N BUNg POPIOK

(y010LLT)

£e0ZYoTTZ-L

Ut jruuey-xaxylied

119D 33V
faATEA YO9YD

*(213B3S) N BUng S3UTI-Q
*zoddery uo jeas N eung papIoW

{(£010£22)

2£0Zvo11C-L

urjruuel-I3yied

119D pmd
‘aATEA 234D

* (otweudp) uorjysl TS

(4V16219¥CAV)

650Zb911¢-L

ST013U0) TBIBUY LLI

(aATRA 11BQ)
3ATeA 33OINYS NdV

SLNIWHWOD

o

(N/d *9dW)

N/d IWNIIATY

(Q,IN0D ) (SHTLHODITaH STHONH) FWVHAHIV IHOVAY $9-HVA

Y ANLIVANNYIW

LININOJWOD

*6-V d74vl

129




“(dt1els) N rung 3004 (HT198084VX) dinboaay
{s1aoddod omy)
1100014922 Bur1dno)y Aemeiing
“(D13e35) N ®BUnNg 3008 (HZO1863V) dinboaay

’s1addod omy)

6900ZVL11-L dutydnoy Aemeyeaag

Tlews owos Inq ‘Oorjeils ([[ed>iseg
*quodryIsoxonyy adps apisino [edy
“UYn31ims polenide wdeaydeiq

*luswaAow

(1116) 31113219 -BIpAH

vL0Zv9T117-¢ UO11MS dINssadd

"8vzeSW 49d uoqaedsoaonty s8utra-p
‘[anj ul 30U IPIS JITE U0 sauea [adsay
‘reas uoqued yiwm dund (J1910108) 1e99

(y822) 92713 -~nud
Jolep a1y

s0Zrott1z-L ‘dung 1ajsuea]

"suaaditeq juodng jo wdeayderqg

‘1jeys
c1010W ‘°

‘N Bung sieag
I0§ [B3S 3Ie) UoOgJdE)
a A1p yrtm dund auey

(0189¢ W} 1318915 -awo
31132313 ‘nNdv

790Tv9112-. aej dung 3soog

“gpzesi iad uogqiaesoaonyy sSULL-)
“{anj ul 30U SpIs ATk U0 Souea jadsay
‘1eds uoquaed yiim dund (us30488) urvoy

AFQM,NW SAIDTAY -ty
UIATI(Q Iy

8L0ZYITIC-L ‘dung 3soog

*5TIQB} IBUTTIsuu] {ccg/s¢) JUDISIIT
200T¥9112-L 13V “yuel 1any
SINIWAOD (N/d "9dW) ATANLIVANNYI JINANOIWOD

N/d AWNVYAYIY

(10 INOD) (SYALODITHH STHONH) FWVHANIV THOVAY $9-HVA  “6-v J14VL

130




131

* (otweudp) N eung xaddery uo Buti-o (08L-LSY) 019y MEYS (ad43 Surms)
133114 219e[1013U0)
12002V LTT-L ‘9ATEBA YO9Y)

(1802v9112-2) 19y>1974 1uadaeag

TeI9W “yuel doiq

SINTWNOD (N/d ~9d4KW) HTINLIVANNVA ININOWOD
N/d dWVY4IIV

(@,IN0D) (SYALMODITIH STHONH) IWVHAYIV FHOVAV $9-HVA "6~V T14VL




132

*L4vHOdIVv HD4d4 Ad

AFUNIOVANNYIN OSTV ‘210 1z-n/0d THL NO QdSQ SANO HHL SV AWVS dHL TV
SINANOAWO) AHL 40 ALIT¥OLVW dHL C14VEDEIV HDATE Wodd JTAVIIVAY LON

SYM SLNINOJWOD (dLLAM-THAd VAN IV 210 HHL 40 ONILSIT Q3ZINALI

SLNAWWOD (N/d "DdW) YTUNLOVAONVI ININOJWOD
N/d INVEIHIY

(LAVHDUIV HDI39) HWVHJYIV NO¥MH CT-0 *0T-V 314Vl




+1573N0 JUSA 3IIE® Hued UTey

(1-6818%5-1111)

pal® 9ATITSUSS-ToNF [BIIUIIOC]

ﬁ:n«a.ﬁﬁmrl.wvthm

I9pUTIA] ‘@ATBA {I3YD

-1ajsueal yuel doip aATeA 33oinys

(15-85¢-61)

€-ZT11dOSPel

utTjTuueH-I9yied

(wr1s4£s
yuel doap jo 1aed)
pelenidy prousjos ‘3ATRA

N eung axe s3urx-g
‘9183 J0J TOqOIYlL JO 3B STESS

(d96ZT199TAY)

096819400SAD

sroxjuo) [easudy LLI

(Butteny
sanssaad 403)
SATEA
49189 pazTIoIoN

-juel utTeW SATBA 30TTd

(50658S-£2¢1)

utTjIuURH-I3xIRd

jo11d
61TdOSPET ‘ontep 1BOTA
35103 Suryoead YSTH
-Surtess wayqoad oN
* (otweukp) N eung Buti-O {9SLLYVY6988) yoImsunag
(19ddod)
AATBA I9Y)
*spredq pad1ojuTlal 1931sad10d
OM1 yiTM N RUNG JO JL8UTTXdUU] (z1-20S4V) dinboaay
FOSAISHS ssof Butriesas-319S
SINAWWOD (N/d "9d4W) HTHALIVAONVI ) ININOJWOD

N/d IWVHJHIV

{FOVASOUTY NVIIWNYD)  TWVHAI IV AMVHON D/491-A0

C11-V iYL

133




(S888ZSKW)

BOJE OATITSUIS-TaNJ [BTIUSIOJ .

3ATEA Y298YD

*sutdus 031 yuel [9NJ UTER

(10¥6ZT99TAVD)

(066Z19900SA9)

sTox3uo) odedsoxsy LLI

+@ATBA 938D POZTIOION

*SATRA TONJ juel
utew Aq paierado aAleAa 30714

0TeLTS-T2¢T

189SY ¥OATBA FFOINYS

*OTIqeJ JISUT[IdUU]

(Z1$9v-4Dd)

L-€0TdOSPET

TeLoxtun

(8utteas-3198)
o8erosng ‘yuel y1ang

*v620S ouaxdaxed st 39ysed ded 1sng
‘09 opead ‘1 sseID
‘5589-¥-TIW Iad 1aqqni dT38Yjuss

st ded uo Teas Iaqqna papINOW (osv9) I331Jae)
T-SZ1dOSPET 40D ‘ded g 1sadepy
*ad£3 aouezroedes ‘soqoid (0S-v00294) I CLV L
¢-v11dDSPel A313uend ‘sdeg y1ony
SLNIWWOD (N/d "94W) AIUNLOVANNVI LNINOdWOD
N/d GWVIIIV

{@,INOD) (3DVASOUIV NVWANYO)

AWVIAYIV IMVHOW D/4d1-A0

“11-V 974VL

134




*SIOWO0ISBIS ON

syuel doip unutumie Y3TM 3ITY UOTISU3IX® a8uel oYyl uo pasn axe sjusuodwo)d .,

(1-0ST0TdPET)

I9Yd31914~3uadaeg

wnuIunyy
»x “Yuel doxg

* (oTweudp) $$89-Y-TIW
xad 33eys uo N eung Suri-Q

(9-22590011)

SATEA-O0INY

(39ddod)
aATEA utelq dumg

‘pesn IaAae AIpaeH

(119Z256ZSW)

(1-9ST-T1A009ST)

1eISASG

dep 181114
Butteng A31A®IY

“I19319WeTIp 4T
(o1weudp) wdeaydetrp pozeudoxdut
UOTJS] UaAOM SSBTZ - OTyl TIW Y]

(9t-1-L099Y)

£-801dOSyeT

STOZ3U0)) Pa3IBepITOSUO)

Yd31IMS 3Inssaxd

*QUODTITIS STE9S 3IJBYS
*N eung s3uti-Q

rx030w Lxp yitm dund rednytaius) (VOL6TTHY) I918915-aBa7
(~es 7)
STTIdOSYeT 91112919 ‘dund 3soog
‘Telaw 118 - SISWOISETd ON (1053219) 3FRIDITY USTTV
dung x03239(3
SLNTWWO0D (N/d "9d4W) ATINLIVANNYW ININOAWOD

(a.1NOD)

N/d GWVEINIV

(40VdSOY¥IV NVIWWNYO)

FAVIIYIV IMVYHOW J/41-A0  "T11-V

374VL

135




syue3 doxp gnutumie YyiTs I uoTsUdIXd 3BuRl I uo pasn squauoduo) 4«

<350y waisAs 19Nd (1093V) dinboaay

<39y sed 1eAO ausxdoaN (8106¢€) uBWUNLY

sxnssald umipai
»x ‘9SOH 1ond

(6606¢ Jopun)
ATqQuossy
< 12A0D (3INSED

umndep /8I0ss31d
«x ‘OATEA FOTTSY

(8utteng £11A®A3)

,,101depy puy ded tond

-yuel doap 103 pIEOQIIA0 SIUIA {gsz0%) 1ayd1914-Iusdxeg
.deo ut 319%sed 3Bld (1520%) pw:uuon-ucomamm
-adA3 @oue3ToRdeEd 6zyzL (6L108) 1oyd31ad-Iusdres

420014 A3T3UEND T30

1518915-1837]

-ousadited 1uodng 30 wgeaydetq (v0559194)

‘gzowolseld N BUNd

- pojunou autl dund Suea §~c71dDSPET
S INTWWOD (N/d "9odW) AAANLI VANV
N/d AWVSINIV

(q.1NOD) (dDvdSOoydy NYWANED)  IWVIIATV yMVHOW D/81-A0  TTT-V g14vi

51132911
vy fdung £xe10Y

LNINOJWOO

136

vy




*N eung papiou IEoS
*{o13B3S) N PURg SBuUTX-Q

(00-862¢)

eaJe

JATITSUAS-TaN] [BTIUSIOJ

saxng

(aadde13/3uims)
SATEA YI3Y)

(zezses-1111)

utryruueq-gayIed

Muuaamam\m:MZmu
aateA Yday)

*(o131€18) STEas a3ed [oyoryy

*(o13e35) S3uta-p N eung (802189 TAY) STOI3U0) TBIBUSYH L1]
¥PIZTI0I0H ‘DATEA d31BY

‘(ot3elS) J vUng S3ulI-Q (6-00-$51¢€) sayng
N Bung PpsplonW P33BNIIY PrOUa QS
ad4£1 1addog ‘O9ATEA JIOAITYS

‘OATEA PI9JSSOID BUQ

*SOATEA POSFSSOXD OM] {Z09191AY) sToJ3u0) TeIUSY 111
pa3EN1dy pPIOUSTOS
S6068¢-09 ‘OATBA Podd Jajsuel]

- (otweudp) N epung Buri-go

(z-1921-v6988)

ST0J3U0) [BSS OTd2IT)

(13ddod)
*OATBA AO2YD

* JUSWIDII0JUTII
pPTERIQ SITM [093S SSITUTE1S

ay8uts yitm N eung JO ISUTTJIDUU] (0.100Z1-21010L) drnboaay
asoy Buriess-jiasuon
SINIWNOD (N/d “9dW) A TUOLIVANVIN ININOdW0D
N/d FWVALYIV

(1dvdDY1V HD34) IWVISMIV LN 1Z-n/08  Z1-V¥ J16VL

137

il




*Telou

03 [B3IoW ST JATBA JITIdL jaddod
*0LZL SWV SBuTl-0

*sded

pUd WNUTWNTE YITM YIOTI USSIOS

1991s SSaurtels jo apeu REER g £

{L¥850MZ0)

B9IR OATITISUIS-Tang [BIIUDIOG «

5ZEN-ATY
aATep FOITIY 2Inssald

yaty 121114 1304

‘u8Tsop mou
‘{29315 SsorurelsS [EIS wleayderq
-uB1sop p1o ‘(oTIEIS) STESS

{1-05-0008-4D)

STOXIUC) 1FBIDATY

Z-$5068¢£-09 yo3IMG aanssaad
-1030W DT.LII9[8 319M YITM dund 3soog (z1-2a1) 2uI0qaATY
21130314
‘dung 3soogd
- 1010w aurqiny £14eqord (1952-€£16) uotjeiodio) xipusg
I1973)TUSUBLL
mot1d 19nd
syoyzel doi 3e 3Ad3IS (9595 -65214) uoTs1d9dd SpuouwuTs
-53e3 odA3 eoueatdede) 1333 TUWSURIL

Aatauend 1ond

- (otweudp) uO3ITA Buta-o

(g5-1Lly-vZe1s)

$1011U0) TBIS 9T2AT) (31addod)
Foryad
A3azeg “aATEA YIYD

SINIWWOD

(N/d “9dW)
N/d WALV

YTINLOVANNYH ININOAWOD

Q. INOD (L4VIDUIV HO339) IWvHANIV 310 12-n/Nd “Z1-V 914Vl

138




31y uOTSUdIX? aSurl 2yl uo pasn IIE syuauodmo) s«

- ——

-wnutemie 11V
-gxsutl ON yoo9g

LxquelL L1394 wmuIwNTV
-
{51323 PuUR >1weudp) N eung 3uti-0
-159gsWy xod uoTIdl pue
(n eurg) S$589-S-TIW axe Sives 1T8¥ (1g-8-0%£L) SATEA-OINY
(aateA (1e4d)
»xIATEA 10302195 TENUBH

e

N eung 3uti-0

dumd 2199°M (¥9z0¢) u331STIYD
~u14iaad 30 gyoddod ¢ 3O S9TIdS [enuen
.smp13S pUB 3JBYS 193U (993§ SSATUTE3S oy dumg TN ALIDI

—————————
"N eung 1eds 3nld
Suta-p N vung SBY 1ess 313B4S
-supdTITISO0IONTS Suta-Q SATEBA yooyd qaddod
-1adsap 3o sauer yats dumd adA3-aueA
- y030m DTIINT2 A1p 4yitm dumd 1e8n3TAIUD

(1-00-2£11) s

51339219
vy fdund 1974 Axxad

*SOATEM ¥ moo<m<uuu mpunvoam-mcxo s13In)

urexg dums

+(o13838) N eung deo ul duta-0 AA-OAwnmv *auj tyogeq-I2TU30)

dey 1911d A31AR19

SINTWNOD (N/d "94W) YIUNLOVANNVA ININOJWOD

N/d FNVIIEIV

@, iN0D (14VHDdIV HOFag) FWVIIEIY gin 1z-n/N3d +Z1~v 314Vl

- e tealmaams

39

1




3Ty uoTsualxd a8uex syl uo pasn are sjusuodwo) ,,

140

*aATBA YD9YD

ay: 9s07d 03 dn SIITT IeOTd (ss0v£-9-142) 4o93g
Z/1-5£108¢-0S wx OATEA 1OTJ 1USA
1efoatun
‘N BuUng JSUTTJISUUL I1eaApooH
BurTeas-JrosuoN
ﬁ %3 STI9D 1on4g
1 S INTWWOD (N/d "9dW) YANLIVANNYI INANOJWOD
N/d INVHIHTY

4, INOD (LAVYDYIV HDF39) IWVdNdIV I1n 12-0/n¥  “Z1-V 314Vl




e S——————
T p—

141

- LAVEDMIY GNVTTIAVHIQ WOdd QIN1vig0 10N SVM

SININOAWOD QFLidM-T30d JWVHAEIV 81-AN IHL 40 ONILSIT GIZINGLI

(N/d "9dW) YTINLIVANNYIN ININOJWOD

SINIWWOD
N/d INVEIIIV

(1444 IV ANVTTIAVHEQ) INVHAY¥IV ¥3LI0 NIML 8T-An  "€T-V F7189VL




APPENDIX B

ENGINE FUEL-WETTED SYSTEM COMPONENTS

143

FRECEDING FAGE BLANK-MOT FI




Table
No.

B-2
B-3
B-4

B-5

B-7

APPENDIX B TABLES

Page
T53~L-13B/703/7A/15/701A Lycoming Engine ...................... B-4
T63-A-700/720 Detroit Diesel Allison Engine ................... B-6
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APPENDIX C

AUXILIARY POWER UNIT FUEL-WETTED SYSTEM COMPONENTS
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APPENDIX D

PERSONNEL CONTACTED FROM AIRFRAME, ENGINE,

AUXILIARY POWER UNIT, AND COMPONENT MANUFACTURERS
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Aeroquip Corporation, Aeroquip Aerospace Division; 300 South East Avenue;
Jackson, Michigan, 49203; Mr. Rick Walsh, Sales Energy Service
Coordinator; (517) 787-8121.

Airborne Manufacturing Company; 711 Taylor Street, Elyria, Ohio, 44035;
Mr. K.R. Kelly, V.P. Sales; (216) 323-4676.

Air-Maze International, Inc.; 25002 Miles Road; Cleveland, Chio, 44128;
Mr. George Slater; (216) 292-6800.

Allen Aircraft Products, Inc; P.O. Box 271-T; Ravenna, Ohio, 44266; Mr. E.P.
Vigluicci, Design Engineer; (216) 296-9621.

Arkwin Industries, Inc.; 686 Main; Westbury, New York, 11590; Mr. Bob
Newman; (516) 333-2640.

Auto-Valve, Inc.; 1707 Guenther Road; Dayton, Ohio, 45427; Mr. Ralph Drew;
(513> 759-0870.

Beech Aircraft Corporation; 9700 East Central; Wichita Kansas, 67201;
Mr. Irwin Johnson, Department 86, Executive Project Administrator;
(316) 681-7184.

Brunswick Corporationk Technetics Division; Box 3668; 1111 North Brookhurst;
Anaheim, California, 92803.

J.C. Carter Company, Division of ITT; 673 West 17th Street; Costa Mesa,
California, 92626; Mr. Dick Cornwell; (714) 548-3421.

Chandler-tEvans, Control Systems Division; West Hartford, Conneticut; L.A.
Difford, Section Supervisor, Pumps Engineering.

Christen Industries; 1048 Santa Anna Road; Hollister, California; (408)
637-7405.

Circle Seal Controls; 1111 North Brookhurst Street; Anaheim, California,
92801; Mr. Don Ogilive; (714) 774-6110.

Consolidated Controls Corporation; 15 Durant Avenue; Bethel, Conneticut, 06801;
Mr. Walter Uhl, Seniro Project Engineer, Pressure Switches; (203)
743-6271.

Custom Components, Inc.; 21111 Plummer Street; Chatsworth, California, 91311.

Derogene, Inc., 885 West 16th Street; Newport Beach, California, 92663;
Mr, Pat Patrick; (213) 998-9811.

Firestone; Magnolia, Arkansas; Mr. lLou Reddick, Product Engineer; (501)
234-3381.
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Globe Industries, Division of TRW; 2275 Stanley Avenue; Dayton, Ohio, 45404;
Mr. Jack Hohne; (513) 228-3171.

B.F. Goodrich Company; P.0. Box 182; Green Camp, Ohio, 43322; Mr. Oren
Linger, Technical Manager; (614) 383-31111.

Goodyear Aerospace Corporation; Rockmart, Goergia, 30153; Mr. G.A. Steffensen,
Manager Product Support Engineered Fabrics Division; (404) 684-7055.

Grumman Aerospace Corporation; P.0. Box 1137; Stuart, Flordia, 33494, Mr.
Clifford Fenwick, Project Engineer; (305) 287-5300, ext: 213.

Gull Airborne; 55 Engineers Road; Smithtown, New York, 11781; Mr. S. Sporn,
Director of Engineering; (516) 231-3737.

Hydro-Aire, Division of Crane Company; 30000 Winona Avenue; Burbank, California,
91510; (213) 842-6121.

Hydra-Electric, Inc.; 3151 Kenwood Street; Burhanic, California, 91503; Mr.
Frank Davis; (213) 843-6211.

Hydraulic Research and Manufacturing Company, Division of Textron, Inc.; APCO
Filter Division; 10445 Glenoaks Boulevard; Pacoima, California, 91331;
Mr. Jerry Steel; (213) 896-2411.

ITT General Controls Aerospace Products; 1200 South Flower; Burbank, California,
91502; Mr. 0.V. Roberts, Marketing Manager; (213) 842-6131.

Lear-Siegler; 241 S. Abbe Road; P10. Box 4014; Elyria, Chio, 44036; Mr. Tony
Klimczak; (216) 323-3211.

Lord Industries

Michigan Dynamics Division, Ambac Industries, Inc.; 32410 Ford Road; Garden
City, Michigan, 48135; Mr. Jim Hopkins - Mr. Jim Chaplin; (313)
522-4000.

Parker-Hannifin; Irvine, California, Mr. Jim Deklotz; (714) 833-3000.

PNU-Devices, Inc.; 72 Santa Felicia Drive; Goleta, California, 93117;
Ms. Carla Zimmerman; (805) 968-0272.

Revere Corporation of America; 845 North Colony Road; Wallingford, Conneticut;
Mr. Gary Buteau; (203) 269-7701.

Ronson Hydraulic Units Corporation; 530 Sugar Creek Road; Charlotte, North
Carolina, 28225; Mr. Walter Karasiewicz; (704) 596-3311.
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Shaw Aero Devices, Inc.; 1 Industrial Road; East Hampton, New York; Mr. Dave
Jones - Mr. Harry DeRosa; (516) 537-1404,

Simmonds Precision; Panton Road; Vergennes, 05491; Mr. Cecil Franklin;
(802) 877-2911.

Stellar Hydraulic Company; 11310 Sherman Way; Sun Valley, California, 91352.

Stratoflex. Inc.; 220 Roberts Cutt-off Road; Fort Worth, Texas, 76114; Mr.
Ken Parks, Standards Engineer; (817) 738-6543.

Symetrics, Inc.; 2524 Calcite Circle; Newbury Park, California, 91320; (805)
498-4586.

TRW Incorporated; 23555 Euclid Avenue; Cleveland, Ohio, 44117; (216) 383-2930.

Turbomach, Division of Solar Turbines International; 4400 Ruffin Road; San
Diego, California, 92123; Mr. Vern Wolcott; (714) 238-6976.

Uniroyal Corporation; 312 North Hill Street; Mishawaka, Indiana, 46544;
Mr. Charles McGregor, Quality Control Manager; (219) 256-8145.

Valcor Engineering Corporation; 4 Lawerence Road; Springfield, New Jersey,
07081; Mr. Larry Anderson; (201) 467-8400.

Whittaker Controls; 12838 Saticoy Street; North Hollywood, California, 91605;
(213) 765-8160.

Wiggins Connector Division, Transamerica DelLaval, Inc.; Los Angeles,
California; Mr. Cliff Cannon, Manager Sales and Engineering,

(213) 269-9181,

162




Defense Documentatlon Center 12 COPIES

Cameron Station
Alexandria, VA 22314

Commander

US Army Aviation Center & Ft. Rucker
Attn: ATZQ-D

Fort Rucker, AL 36362

HQ, Air Force Systems Command
Attn: AFSC/DLF (LTC Radloff)
Andrews Air Force Base, MD 20334

Commander

US Ailr Force Wright Aeronautical Lab
Attn: AFWAL/POSF (Mr. Churchill)
Wright-Patterson AFB, OH 45433

Commander

Naval Air Propulsion Center
Attn: PE-71 (Mr. Wagner)
P.0. Box 7176

Trenton, NJ 06828

Commander

David Taylor Naval Ship R&D Center
Code: 2705 (Earl Hershner)
Annapolis, MD 21042

Director

US Army Aviation R&D Command

Aviation Research & Tech Laboratories
Attn: DAVDL-AS (Mr. Wilstead)
NASA/Ames Res Center (Mail Stop 207-5)
Mof fit Field, CA 94035

Director

US Army Res & Tech lLabs (ARVRADCOM)
Propulsion Laboratory

Attn: DAVDL-PL-D (Mr. Acurio)
21000 Brookpark Road

Cleveland, OH 44135

Commander

US Army Aviation Board
Attn: ATZQ-0T-C

Fort Rucker, AL 36362

HQ, US Air Force
Attn: LEYSF (MAJ Lenz)
Washington, DC 20330

Commander

San Antonio Logistics Center
Attn: SAALC/SFQ (Mr. Makris)
Kelly Alr Force Base, TX 78241

Commander

David Taylor Naval Ship R&D Center
Code: 2705 (Bob Giannini)
Annapolis, MD 21402

Commander

Naval Materiel Command
Attn: MAT-08E (Dr. Roberts)
CP6, Room 606

Washington, DC 20360

Commander

US Army Res. & Tech. Labs (AVRADCOM)
Applied Technology Laboratory

Attn: DAVDL-ATL-ATP (Mr. Morrow)
Fort Eustis, VA 23604

HQ, US Army Troop Support & Aviation
Material Readiness Command

Attn: DRCPO-PDE (LTC Foster)

4300 Goodfellow Blvd.

St. Louis, MO 63120

MED134
Page 1 of 3




—

Commander

US Army General Material & Petroleum
Acciviey

Attn: STSGP (COL Hill)

New Cumberland Army Depot

New Cumbeland, P4 17070

Project Manager, Moblle Electric Power
Attn: DRCPM-MEP-T™M

7500 Backlick Road

Springfield, VA 22150

Commander

US Army Logistics Center
Attn: ATCL-MS (Mr. Marshall)
Fort Lee, VA 23801

hQ, Deparcment of the Army
Attn: DALO-AV

The Pentagon

Washington, DC 20310

HQ, Department of the Army
Attn: DAMA-ARZ (Dr. Church)
The Pentagon

Washington, DG 20310

HQ, US Army Aviation Research &
Deve lopment Command

Attn: DRDAV~-GT(Mr. R. Lewis)

4300 Goodfellow Blvd.

St. Louls, MO 63120

HQ, US Armvy Aviation Research &
Development Command

Attn: DRDAV-N (Mr. Borgman)

4300 Goodfe!low Blvd.

St. Louis, MO 63120

Comumander

Naval Materiel Command
Attn: MAT-0OBE (Mr. Ziem)
CP6, RooHm hD6

Washington, NDC 20360

Project Manager, Abrams Tank System
Attn: DRCPM-GCM-S
Warren, MI 48090

Commander

US Army Quartermaster School
Attn: ASTM-CD (Col Volpe)
Fort Lee, VA 23801

Commander

US Army Transporation School
Attn: ATSP-CD-MS

Fort Fustis, VA 23604

HQ, Department of the Army
Attn: DAMA-CSS-P (Dr. Bryant)
The Pentagon

Washington, DC 20310

Commander

US Army Materiel Development &
Readiness Command

Attn: DRCLDC (Mr. Bender)

5001 Eisenhower Avenue

Alexandria, VA 22333

HQ, US Army Aviation Research &
Development Command

Attn: DRDAV-D (Mr. Crawford)

4300 Goodfellow Blvd.

St. Louls, MO 63120

HQ, US Army Aviation Research &
Development Command

Attn: DRDAV-E (Mr. Long)

4300 Goodfellow Blvd.

St. Louis, MO 63120

Commander

Naval Research Laboratory
Attn: Code 6180 (Dr. Hazlett)
Washington, DC 20375

MEDL 34
Page 2 of 3

B




National Aeronautics and Space Admin.
Lewis Research Center

Mail Stop 5420 (Attn: Mr. Grobman)
Cleveland, OH 44135

Department of Energy

Alternative Fuels Utilization Program

Attn: Mr. E.E. Ecklund

1000 Independance Avenue, SW

Washington, DC 20585

MED134
Page 3 of 3 n

4







