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INTRODUCTION

PURPOSE

The pose of this program was to evaluate a candidate antimisting kerosene
(AMK) fuel relative to compatibility with an aircraft fuel system representative
of those in commercial use and to determine effects of the aircraft system and/
or components on the flammability characteristics of the fuel.

R R T

BACKGROUND

In recent years, the Federal Aviation Administration (FAA) has intensified

research to reduce fatalities caused by post-crash aircraft fires in otherwise

survivable acciderts. The most yromising approach to this problem at the present

time appears to be the use of fueli additives or modifiers which reduce the natu-

ral tendency of the fuel to form an explosive mist when released into the air

during the dynamic phase of an accident. One such additive currently bei

investigated is FM-9, developed by Imperial Chemical Industrial, Ltd. (IC'Ilg in :
conjunction with the Royal Aircraft Establishment (RAE). J

OBJECTIVE

The objective of this program was to conduct tests utilizing a C-141 aircraft
fuel system simulator to define system operationsl problems resulting from the
use of FM~9 modified fuel with FM-9 concentrations of 0.30, 0.35 and 0.40% by
weight. An additional objective was to determine the effects of system opera-
tion on the flammability characteristics of the modified fuels by conducting
air gun type flammability tests on one-gallon samples of fuel.

DESCRIPTION OF C-141 FUEL SYSTEM SIMULATOR

{ The C-141 fuel system simulator is a full-scale duplication of the left wing and
? center wing sections of the aircraft fuel system (Figure 1). The tanks were de-
signed and constructed to simulate the inside dimensions and configuration of

! the aircraft tanks. The simulator wing was fabricated in four sections with the £
: inboard section comprising the No. 2 inboard main and No. 2 inboard auxiliary

i aircraft tanks. The remaining three sections comprise the aircraft extended

| range, No. 1 outboard auxiliary and the No. 1 outboard main tanks. Aircraft
plumbing and components are utilized throughout the fuel system including the
No, 2 engine mounted fuel pump and interconnecting plumbing between the engine
pump and wing tanks. The simulator tanks and intermal plumbing and components
were fabricated and utilized for Category I testing of the C-141A fuel system.
The simulator has since been modified to the C-141B configuration which added |
aerial refueling capability. The tanks are rigidly mounted on supporting stands i
with the wing deflection simulating & normel 1.0g flight attitude.

s AR,

The engine fuel feed line, engine-driven pump and related components were mounted :
on a supporting structural frame similar to the aircraft iustallation (Figure 2). 1
The engine pump is driven by a hydraulic motor and pneumatically operated valves J
‘ are used in conjunction with programmed pneumatic controllers to establish the (
| engine pump speed, flow rate and discharge pressure in accordance with engine

» bt o e vé. o .
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FIGURE 1
C~141 FUEL SYSTEM SIMULATOR - WING FUEL TANKS
o
C-1l41 FUEL SYSTEM SIMULATOR - ENGINE PUMP INSTALLATION
é
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power requirements. The simulator engine fuel supply system consisted of the
tank-to-engine plumbing, engine driven fuel pump, fuel heater and fuel filter.
Those aircraft ccmponents located downstream of the engine pump discharge g

S

(i.e. fuel control, flowmeter, oil cooler, pressurizing and dump valve and
fuel nozzles) were not contained in the simulator setup.

TEST PROCEDURE AND RESULTS

GENERAL

The FM-9 antimisting kerosene (AMK) utilized in this progrem was prepared by
ICI Americas Inc., Wilmington, Delaware and transported to the Lockheed-Georgia
Company, Marietta, Georgia by Chemical Leaman Tank Lines, Inc., Dowington,
Pennsylvania. Three concentrations of FM-9 AMK were tested and were received
in separete shipments of approximately 3000 gallons each. ‘The three concen-
trations were ,30%, .35% and .40% FM-9. The concentration is defined as the
percentage by weight of FM~9 powder in the total mixture of FM-9 and Jet A fuel.
Data certifying the FM-9 AMK mixtures were provided by ICI Americas Inc., and
are tabulated below.

Shipment Shipment Weight Concentration Solids Flow Cup

Number Date (LBS,) (%) Content (%) (M1/30 sec.) (Clarity

11-18-78 20,600 0.30 31
1-19=79 19,210 0.40 31 %

0 Clear
«6 Clear
0 Clear

W N -
W N W

Note: *All FM-9 concentrations above 0.30% are diluted to a 0.30% equivalent
prior to analysis per U. K. procedure.

Base fuel used was commercial Jet A (ASTM-D-1655 specification),
aromatic content 16-20%.

'§ Additionally, ICI Americas Inc. indicated that the FM-9 AMK was produced using
| a carrier fluid consisting of Amine and Glycol.

i The AMK was off=loaded from the tramsporting trailer into two 1800 gallon £
! storage tanks. These tanks were interconnected by a manifold at the bottom

i and by a vent line at the top. The storage tanks were evacuated to approxi-

mately 2-3 psi negative pressure and the AMK off-load from the trailer was

accomplished by suction from the storage tanks. No pumps were used in order

to avoid any degradation of the AMK prior to testing.

! The following tests were conducted utilizing the C=141 fuel system simulator:
2) tank-to-engine supply system evaluation during simulated flight
3) tank refuel valve operational evaluation

Separate test setups were used for the following:

) §1§ tank quantity gaging system evaluation 3

e

2

?g ejector (jet pump) performance tests
fuel flammability tests




The above series of tests were conducted initially with neat Jet A fuel and were
then repeated with each of the three concentrations of FM-9 AMK,

TANK QUANTITY GAGING SYS ACCURACY

A series of tests were conducted to determine the effects of the FM~9 AMK on the
accuracy of the aircraft tank quantity gaging system. The AMK storage tanks were
pressurized sufficiently to trans”er the modified fuel into a weigh tank on plat-
form scales. The No. 2 inboard main simulator tank was then evacuated and the
AMK was transferred by suction frcm the weigh tank into the simulator tank.
Beginning with an empty simulator tank, fuel was transferred from the weigh tank
- until an indicated quantity of 1000 pounds was obtained. The weighed quantity

of fuel transferred was then recorded. This procedure was repeated in 1000 pound
increments until the inboard main tank contained the quantity of AMK required for
the simulated flight test. A baseline test was conducted with neat Jet A fuel
prior to the AMK evaluation. The .30, .35 and .40% FM-9 AMK fuels were then
evaluated.

The weighed quantity versus the indicated quantity for each fuel is shown in
Figures 3, 4, 5 and 6. These data show that there is no appreciable variation
or error trend introduced by the modified fuels as compared to the neat Jet 4
fuel. Thus, it is concluded that the AMK fuels would be compatible with the
capacitance type gaging system.

SIMULATED AIRCRAFT FLIGHT

Following the tank quantity indicating system evaluation, the simulated aircraft
flight test was conducted utilizing the fuel in the inboard main tank. The
duration of these tasts (i.e., simulated flight time) was govermed by the quantity
of fuel available in this tank (approximately 13,000 1bs). The No. 2 engine Tuel
supply system was used in conjunction with the inboard main tank. The test was
therefore representative of the normal operating condition wherein the inboard

l main tank feeds the inboard engine.

The tank pressure was controlled in accordance with the climb schedule for a
240,000 pound aircraft from test site ambient to 40,000 feet altitude (Figure 7).
The engine fuel pump RPM, fuel flow rate and discharge pressure were controlled
in accordance with the aircraft engine normal rated power requirements (Figure 8).

Parameters monitored during the test included vent plenum pressure, inboard main
tank pressure, tank fuel temperature, tank boost pump discharge pressure, engine
boost pump inlet pressure, engine boost pump discharge pressure, engine gear
pump inlet pressure and engine gear pump discharge pressure. Engine pump RPM,
fuel flow rate and discharge pressure were established and controlled per
Figure 8. Instrumentation data point locations are presented in the Appendix,
Figure A-4.

Bourdon tube gages were used to indicate system pressures. Readings were taken
at one minute intervals during the first half-hour of operation covering the
transient regime between takeoff power at test site altitude and cruise power
at 40,000 feet altitude.
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The outboard tank boost pump was turned on and takeoff engine power conditions
were established. The test was then initiated by simultaneously actuating the
programmed pneumatic controllers and a test timer. After one-half hour of
operation and having attained a tank pressure altitude of 40,000 feet and
stabilized engine cruise power conditions, {uel samples were taken frcm the
tank, tank surge box, tank boost pump discharge and engine pump discharge for
subsequent flammability testing. In crder to obtain the tank and tank surge
box samples, it was necessary to restore the tank pressure to test site ambient.
After obtaining the sample, the tank pressure equivalent to 40,000 feet alii-
tude was re-established and the cruise condition was maintained for one addi~
tional hour. The fuel sampling routine was then repeated. System operation
at the 40,000 feet cruise condition was continued with fuel samples taken at
one hour intervals. A normal descent was made at the end of the test prior
to fuel depletion with fuel samples taken at the end of the run.

Tank boost pump discharge pressure, engine boost pump inlet pressure and engine
boost (first stage) pump discharge pressure recorded for neat Jet A and each of
the modified fuels are presented in Figures 9, 10 and 11,

It can be seen from Figure 9 that the tank boost pump discharge pressures with
the AMK fuels are generally lower throughout the flight envelope than with the
neat Jet A, and become progressively lower with increased FM-9 concentration.

At the takeoff condition, tank boost pump discharge pressure reductions were

in the order of 7% with the .30% FM-9 AMK; 16% with the .35% FM-9 AMK; and 25%
with the .40% FM-9 AMK. The differential between neat Jet A and the AMK fuels
increased with altitude such that at 40,000 feet the tank pump discharge pressure
reduction with the .30% FM~9 AMK was approximately 24%, and for the .35% and .40%
FM-9 AMK was approximately 33%. The variation between the .35% and .40% FM-0 AMK
fuels unexpectedly diminished with increasing altitude, such that the pump dis-
charge pressures for these fuels were essentially the same at 40,000 feet
(Figures 9 and 10).

The engine boost pump inlet pressures (Figure 10) show the same general trend
as above; however, the effects of pressure drop through the tank-to-engine
plumbing and the positive static fuel head at the engine pump inlet are reflec=~
ted in these data. The tank-to-engine plumbing run is approximately thirty
feet of 1% inch tubing. The head differential between the tank boost pump
discharge and the engine pump inlet is approximately five feet (additional
static heed due to tank fuel level mot included). The engine boost pump inlet
pressure variation between Jet A and the AMK fuels is also seen at the engine
boost pump discharge (Figure 11). The pressure rise across the engine boost
centrifugal element does not appear to be adversely affected by th2 modified
fuels.

As noted in the description of the engine fuel system filter, the filter bypass
valve opens when the pressure differential across the 10 micron element exceeds
12 psi. The filter pressure differential for Jet A and the modified fuels is
presented in Figure 12, It is apparent that the filter element was bypussed
throughout the takeoff-cruise flow regime with all three of the modified fuels.
It is noted that new filter elements were installed prior to each AMK test.
Examination of the AMK test filter elements after removal from the system
showed no accumulation of gel or foreign matter on the filtering media to
indicate element blockage ?;igure 13); however, some thickened gel was found
on the top end of the metal media retainer. It is therefore assumed that the
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FIGURE 13
ENGINE FUEL FILTER ELEMENT REMOVED

AFTER .40% FM-9 AMK TEST (TYPICAL OF FILTERS USED
IN .30 AND .35% FM-9 AMK TESTS)
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AMK fuel passing through the filter housing was flowing through the spring-
loaded bypass valve, since the required engine flow and engine pump discharge
pressure were maintained throughout the flight profile for each of the modi-
fied fuels,

During the AMK tests, visual observations of the fuel level in the inboard main
tank surge box were made, Indications were that the fuel transfer ejector was
not transferring fuel from the tank into the surge box at a sufficient rate to
cause an increase in surge box fuel level above tank fuel level. In the case
of neat Jet A fuel, the surge box was maintained full during the cruise condi-
tion; however, with all three AMK fuels the surge box level decreased directly
with tank fuel level,

FUEL LEVEL CONTROL VALVE OPERATION

Tests were conducted to determine the effects of FM-9 modified fuels on operation
of the C-141 tank fuel level control valve, and the effect of valve operation on
the flammability characteristics of the fuels., The inboard main C-~141 fuel sys-
tem simulator tank was evacuated such that fuel could be transferred by suction
from the AMK storage tanks into the simulator tank without degrading the fuel.
The fuel was then transferred into the inboard auxiliary tank through the auxil-

"iary tank fuel level control valve (FLCV) using the main tank boost pump. Dur-

ing the transfer operation, the FLCV was cycled from the open to closed position
several times to check operation and closing time. The transfer rate was deter—
mined by recording incremental tank quantity gage readings versus time., The
transfer pump discharge pressure and FICV inlet pressure were recorded. Fuel
samples were also taken at the FICV inlet and from the auxiliary tank fuel which
had passed through the valve for flammability testing. Results of these tests
are tabulated below. :

Transfer
Pump FICV
Discharge Inlet Transfer FICV Closing
Pressure Pressure Rate Time
Fuel ‘PSIG} {PSIG) SGPM! SSeconds]
Neat Jet A 11.0 3.4 54. 10,
«30% FM=9 AMK 10,7 2.0 42, 5T
«35% TM=9 AMK 11.4 2.3 36. 70,
«40% FM~9 AMK 11.2 2.0 364 136,

Operational tests of the fuel level control valve while transferring fuel re-
sulted in a considerably longer closing time with the modified fuels than Jet 4.
This is attributed to the small orifices through which the fuel must pass in
order to fill and pressurize the actuator chambers. After the initial valve
closure (times shown above), repeated actuations resulted in generally faster
closing rates but still considerably slower than neat Jet A,

Reduced transfer rates were also encountered with the modified fuels, One objec-
tive of this test was to evaluate the effects of this valve on AMK degradation,
such as during a normal ground refueling operation. It should be noted, however,
that the main tank boost pump used for the transfer test did not provide adequate
flow capacity to simulate normal ground refueling rates (in most cases above 50
GPM, depending on refueling pressure and tank combinations). During the .40%
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/ -9 AMK fuel trensfer/FLCV test, the fuel collected in the inboard auxiliary

tank was pumped back into the inboard mein tank through its FLCV, The auxiliary

tank pump, having & higher capacity, produced a return trensfer rate of 90 GPM,

\ A sample of this fuel was retained for subsequent flammability testing (having
pessed through two pumps and two fuel level control valves),

EJECIOR FERFORMANCE TESTS

The ejector performance test setup consisted of a fuel supply tank containing a
centrifugal boost pump (Hydro-Aire P/N 60-371B) which provided the ejector pri-
. mary flow, a second tank containing the test ejectors, an ejector discharge fuel
| collection tank, and associated valves and plumbing, A schematic diagram of this
setup is presented in Figure 14.

Three ejectors with nozzle sizes of 0,07, 0.15 and 0.25 inch were tested with

neat Jet A and the .30, .35 and ,40% FM-9 AMK. Particulars relative to the ejec-
tor designs are tabulated below.

Nozzle Throat Suction Port Discharge Port

Lockheed Manufacturer's Diameter Diameter Diameter Diameter
Part Number _Part Number = (Inches) (Inches) (Inches) (Inches)
4”4(”21-103 J.C. Carter Co. 0007 0. 23 0. 72 0. 58
_ 60312
3P90012-101 Allen Aircraft 0.15 0.55 1,24 1.24
Products, Inc,
816E101
| 3P90011-103 Allen Aircraft 0.25 1.04 2.37 1.88
| Products, Inc, :
t 1224E500-1

The J. C. Carter Company 60312 ejector assembly is a cluster arrangement of five
| ejectors, each having a nozzle diameter of 0.07 inch and a throat diameter of
0.23 inch, There is one primary flow port and one discharge port common to all
five ejectors and five individual secondary suction ports. The Allen Aircraft
Products ejectors are individual units with one primary flow port, one secondary
| flow port and one discharge flow port. These ejectors are shown in Figure 15.
|

The AMK storage tanks were pressurized sufficiently to transfer the AMK fuel in-
to the ejector test setup so as to avoid any pre-test degrading of the fuel. The
ejector test tank was filled to a pre-determined level to provide the desired
ejector discharge head. Primary flow was provided by the boost pump in the
supply tank. The nozzle supply pressure was regulated by a valve at the nozzle

‘ inlet. By-pass flow from the supply tank into the test tank maintained a con~

' stant test tank level and thus a constant ejector discharge head, Ejector per-

: formance data were obtained at discharge heads of 25, 32,5 and 40 inches and

rrimary nozzle pressures of 15, 25 and 30 peig,

Performance data for the three ejectors at each of the discharge heads are pre-
sented in Figures 16 through 24, In each case, the reduced performance of the
three ejectors with AMK fuels relative to neat Jet A can be seen. A consider—
able reduction in the secondary/primary flow retio occurred with the «35% FM=9

18




g

ool

T R ~
~ (35 BT
DT AT AT e
un HSthh HOLOET

MOLI PONVHOSIC (23]

MOTd XSVWIY =
FYLECTIS W T7/0H @

SNVEL NOTLSETI0N Tg SNYE LSTL MOLOTILT VL KT3ANS TPNd

L—J— g
YOLOTLE mu IS00

r\)\:x-.\\la\ll\.l\l\l\.j,\'\(

* s B e e \)\/\/.\/\;\4\4

) i *
FOMVIOEIA | |
- ¥OLOZ LT a

TYVTIHOOES ® vﬁ,.:,...ﬁ.mm,.m #0Td MO
Ao FUYVaRDTIC SCVJIRYD NI Ed




~w-

BJECTOR TEST TANK

FIGURE 15

EJECTOR TEST APPARATUS

J. C. CARIZK
P/N €0312

ALL:E ATRCRAFT
P/N E16E101

ALLEN AIRCRAFT
P/N 12241500-1

T

FRENG



AR BRI N . o - o T TRy g —es

FYNSSTYI TTZZON °SA MOTd XUVANODAS ANV XNMVWIMJA
aQvdH TOUVHOSIA HONI G2 “2T1€09 Z\m GIINYD 0 °f ‘VIVA JONVWHOLIMMI HOLOAL T
9L JT¥UNOIAL
DISd = FUNSSEYd FTTZZON
2€ Of g2 92 #2 2 o2 gt 9T M g1 Ol 8 9 k| c 0
e e
i
: HHEHH 3 Rt cas
: : e T
{ b m M TIIT
Hi:H 1314 H i : H :
- > : c
813 8% fitt i i H -
XUVHTYd JNV 6-Wd %66 ° A BT i g
—_— ‘ 3 .. 2 P =
XUVWIHD YWV 6-Wd %0¢° d. i gLt . W
1 L3 4 e - 1 T 't H ! L
11 gesifses HAH 1 i 1) 2_ m = MII-
i R ; - H : '
i ; b (R8L: sassd ppRatese: 33
B : ! iz : &
2 1o hit i b £ i =
11 1 T 2 SaRtery
337s i Al mﬂ:rxo I“l'ix. g3t - & S5 4 ] B
T A e D e 5
i 3300, H 3 (IS PR AR hER) IERER 4ThAd Rt i
+ . : 3t BN | et
44 B . .* vw_ﬁﬁx .Lr . 4] L .,wxu nw Ft td ¢ bt > m
: d x..w i it S EHERT R i .
151 JB8Rs 3884 H 18} LRE EEREA 2 3 Y L
i3 s 11 H HHH £ i s :
ki 3533 33388 83333 333 iR 3331 FERS3 ERARE ERESESECHS Hhaa: g B i % £
ZYVaNodds v IVIN 37 : : e T s
Eiapspnsapspapi il ikt ; SRR i i 9




2¢ 0 82 9

ZUWINOOES MWV 6~Wd ¥5¢°

XEVANOOES MWV 6-Wd %0¢°

XEVINODES V L [LVaAN

MINSSAR FIZZON °SA AOTI XUWINODIS ANV XYVWIHd
QVEH SOUVHOSIA HONT G°2¢ ‘21€09 /4 UEIMWO *0 °f ‘VIWd ZOMVWHOIEE] HOLOArd

DISd - FWNSSAHd FIZZON

ve

Ly EndIL

2c

0c 8iI

9l

e 2

ot

9

4

M
RO = ELVE MOTL
22




THNSSTM FIZZON °SA MOTd XHVINODES ANV XUVWINd
avVaH FOUVEOSIA HONI O ‘21£09 N/d WIINVO °0 °f ‘VIWI FONVWHOIHMA HOLOA

8l FWNOIL

9184 - TUNSSIEI FIZZON
2¢ of 8 92 b2 22 Oz 8L 9L b 2 OL 8 9 ¥ 2 0O

XUVANOOES MWV 6~ ¥6¢°

143

. 94 senne

' 4
\g o

T

3
-

T

1
3

It
1422

XMVHINd MWV 6-Wd ¥6¢° o : 2

T
T

Jo=s $230

—
e

e
e
.=
~
-

; sos

JEVATEd MV 6-Wd %0¢° 3
-tv-J T + ]“ ¥
Bt fiiit i ¢ 8
Bl E i i

R R T
XUVHIEd V J30 LVaN
EEEhiEiraniinig
XUVANODES YWV 6-Wd %0¢°

......

: &
&
~s o
e ¢
T
3
bs |

a
SRR

¥

:

T
Sreprery : : o + v
3 “ s 1 ° iyt
.5 3 - ot
(44 } L v o b4 he
i $3e34 $5532 sabed sass: 1} 413 : i g
a3 o4 Hittgay 1t e $221a2iseNaess jaizdaiiss
+ + 111t ove e 5 H . 33 ‘ § e
'3 H b ¢ 3 w« Tt 1L ’e o
298, 17 - '+ e

t + Ho x 2 sanss

: : : o S

+ + 3 101

: 2 [ HHOHS
It 1890 o 314 13 -- it : 32 ~ = £ .
- - 4 ¥
§ 32 3
XYVaNODJES V LAl L¥aN : i it
+ £ e > + 1
t 1t 20d: s a4
FHHTHIE LHTHIE STt M B t
— 44 w 11 £ + 04 3 e
i u 321 332s 1 H
+ * > 8 4
331 321 3 4 9
bo 4 11 ﬂ { L

A RRERNS I N d n B BN




JUNSSHAEd FTIZZON °SA MOTI XHVINOOES GNV XHWWINA
QvaE FHUVHOSIA HONI G2 1013918 N/d SIONA0Ed JJIVEDHIV NITIV ‘VIVD SONVWHOLMES HOLOH

61 EHnOLI

9Isd - FHANSSIHA FTZZON
¢ 0f 22 02 8L L b 2L oL 8 .. 2

ZUVONODES JNV 6-3id ¥5€° i g
i 2
i i :
1 ; . H s £
i E d
il c
ot i

0

WD - BLVE MOTA

73
rd
FERRs L3

[

e

oL

43

ct

o ——— 1 A T




£ AR

THOSSTU TTZZON *SA MOTI XHWINOOHS ANV XHVWINI
AVEH FOYVHOSIA HONI $°2€ ‘1013918 N/d SIONAOYd LIVHOUIV NITIV ‘VIVD FONVWHOIMSI HOIOE(E

02 FHNOIJ

DISd - TUNSSTUd TTZZON
2¢ 0f 8 92 V2 22 02 8L 9L VL 21 oL ® 9 14 2 0

458 H5d tieds 3383 RS, i fE i vt i HHARERRE
HE et % agetisats s et Sprrisiiale
XAVANODES JWV 63T ¥G<* Hiles i R i i . I
e 34 i i i R
u.tum; jEni L .m“,.m“ ¥ : £ i m.xﬂ : H } i
llu& >3 4 .Zﬂ.x i siee o0 you - m N
Hi it P ¥ gots sigsoo]
P ° yp3ae 3 1T .“. 1 LT “1““»“ ¥
ZUVRIEd JNV 6~Wd ¥6¢ HH - : ¢
2 ; 118288 1absd fafaaata: T i
t T T s 3
XUV 3NV 6-Hd %0 ° i L LR i v
£ # du— 1 1 -
I i i N
et m
} "_. a. { m
3 114341
3 . "
sds. w N
b2 .
i i i W
T i
‘. no .
1t 15 * P m
1 Sos o1 $od2s am 232 ¢
o932 pogss <o >
b e by 84 9
23488 J3: sg24d st 8
e 1 T o 331 u&lb
: >3 m E bae
. i 6
| i B iy I
i i t 11t i «J 1Y
tH - £ . oL
v - I ?
: » ' n- 23
Jififeit :
BRI 3 14 —.F
I i
1 Hil 1ld: 1
i it s A 2

@ 5 TN R O a2 AN

DR A SR e




+35% FM-9 AMK PRIMARY

i

3
:

13 L2t

23

$23

oo
2
* :
a
-
Ioos B
o
:
1331 F T
om2s 1% It : &
e j2234 3
jeass * *
B R 2 e =
S s e
T 2o pege =
e o :
E
v+ T
=
°: — o~
et
35
T =t
+ Poes
L
e e
5
=
:t
s
LS E =
— = e s =
g3%s
332 Joses
T T
373 S TR 5
B o
78 353 2R Bin2s TRRAs 4o : =
- : . vt o 8 000 s e
3G RN Y i
i = I; s syyse
:
el et
T s iR =
-
> ot
23 Th T
1 os pos e sgedy ba bied Bl o s S
3 s =3 =
o3 T =1
$3%: 8T8 > T T §
152 g B imsiiis B =
23, 3 - r4 - o 23
pe o o b bo § " oo 7 - bo b o b
05 B4 =
5233 == Byt aed
:
Bt 1 23t
S%es seact Stass il 1T Hohid
e
s>
- 1X »® o
- y 8 3
2
s 4
H
H i
]
: .E.
10 84 st

12
1"

© O ©® &~ VW N T M N
-
RdD = ELVHE MOTL

26

26 28 30 32

24

18 20 22

4 16
NOZZIE PRESSURE - PSIG

12

10

E 21

FIGU

EJECTOR PERFORMANCE DATA, ALIEN ATRCRAFT PRODUCTS P/N 816E101, 40 INCH DISCHARGE HEAD

PRIMARY AND SECONDARY FLOW VS. NOZZLE PRESSURE

& .



R e AR AN A e A R ARSI

THNSSAEJ TTZZON °SA ACTd XYWINOOES ANV X¥VWINI
AVEH IOUVHOSIA HONI G2 *L=-0063b22i N/d SIONAONd IJIVEDUIV NETIV ‘VIWI SONVWHOINE] HOLOICrd

22 JHNDIL
DIsd ~ TUNSSAH FTIZZON

€ Ot g2 92 #2 =2 02 QT 9T 4T - 2T OT @8 9 k|

=i 2 phis {183 1
b & } 115‘
el :
3 2313 i 11“4: s o
4 m ~w. irig:tl i .,M 3
: Sertitteieh
1 i ] i AR it
2 i . 1 (L li i
XEVATEd WV 6-Wd YOV° fegeelih ‘ TR .
[TSPSTTPUPTRUT EUYN VY WRRTYEORS foa0f 1430 ritdd faded thass i2 t s iRl :
=331 128 * T
XYVATEd JHV 6-Wd ¥GE° & i A
4  § §e ¢
b | o ¢
wgggm*h*om.m 3 i3t it
— 4 - 23
XUVATEd V I3 IVEN ; - e e
i TEE 131 R
: 1! Eae } e HH8] HE Ll
3 5331 HAET BRER [EH
ik bl H e A i
i ningag
. 3 33
i n
!
4 04 . il
et ﬂ
: :
R
o} i
i iy H
“—x. >4 +] I3
sthlid 8 feesd bts 3
ET RS
i 2
£
: ‘

ot

13 ‘ﬂﬂ

91

&

2

KD - WVE ML




SHNSSTHd FIZZON °*SA MOTI XHWINOJES ANV XHWHINL
QviH SOUVHDSIA HONI G°2¢ ‘1-00G3@bzzl N/d SIONA0Hd IJVHDUIV-NITIV ‘VIWI EONWWHOIEEd HSOLOArE

€2 MDA

OIsd - TUNSSAHd FTZZON :
2€ of 8 92 2 22 o2 8L 9 v 2 oo 8 9 ¥ 2 O

'

2 45

bassl

H
.

-

B
2ot

s

szooe

S
@®

oo

XHVATS WV 6-Rd $O§° BT .
tt:t.:?.t.dt.ﬂ:ﬂ-..—.qf&.d:ﬂﬁ . ..w.mr”n ] ii ” disassaisels tH } ol 3 sireth e b BT
S “ il it x ;

.
3
o
%
o
-

1T
o

23!

. =
XEVANOOHS JWV 6-HI %05 ° : kil = . [ Q
R ¢ | H 1 1 d s
s R H i HTH i HE R 8 ' ;
o : 3 + | : SR T £ = P )
et 1 [t i } it st i [t i m 3
£
pe 8 spdiaiegs | 1t H 1331 it - o 3
Hitl i i , R e 9t
i i i n T R A
1 e - HEL : H s Sahindal
B I T i g 1 i JiElin i e RO o)
- . =gy e e
< 1 3 ' . 1 ofecse
XHWINOOHS V JAr LVaN T r i 5
R |HRRE i f i it i BT
5§ s oaflos 43
.uhm o : fatanes ....- 11 A 1R > {ee 8
' 4 o 4 *

.....

v
2t

HHH

33

N

N

e
.




> : :
A
o 1t 1
¥ i i T TR HE
11t R S i iz
3 2221 ] rool
FEREs so3es 11 g 3 Eesh:
- - o4y
pritarhte s 4
3 Ty 253 s35t4 e
14 it : ;!
el 3
= = O\ O\ protois O\ P
+ o % L Hiis
. o s [ass 3335 : ot gesdl -
Rt £ LT oy a
e Y B
1 o 3
2 NN 2
oot ° o 3T .
285082 T p o 3
T = ThE T
5
Tels . ot e o (]
ooy Sesa] IS 258 c3o0d S gy <
- su3 B o S aanay - w
-
< —
1}: 3 THT o~ - |
joneg I o i
eed 333 ks -2 g T ¥ ‘
3 joasaa p o e
b3 e . - s 3 3 l
T e ;35315 <
3 : = i 2332 3 uf
e -
—— faben + 1
e sg: 3= $as g % a' N
t s e HEF 1 23Ty (L] -
3! $ f e
=
1 - g = - +4
21 B : = : = Ay
1 ros 6 sode bod ot 3 i |
e o 1
5 : 3 % E
2 3 > @ - e
: i F
- -
o2 Seogh e30s 11 poteses e a'
2733 bes! T j2e8 saa: =it
32 S3ea3 sued o ? =T e T E
.8 4
po s " -~ 3 ~ @ .
= - - Ros N'{' + : : -
: t = 2
e 3 T
s e
T . o ; g
EEsEs s N : =
Thet : 5153 0
= 3532 38385 S2ot 3¢ S2Ees Juens B 8 - ﬁ
T 134 sagus s3pu e SgRat 5! : e
= - 3 S e sa¢las = = J
S Eaags s ed o2 SR > 5t - . «
1253 132 5% - 22225 & =
oot sesda o B35 538t T [e el a
e Tt t E tH E
— - = 1
T el s3e et T i
S T
33 oes T :
23 i o~ ]
goos L 3 1 o894 s g -— .E
oe ~ o4
: ; i - : 3|
! 23 : : o a
$s3gsgeas 52 53 : 3 tH -
94 33089 8 naey 4+ —d -y .
i o2 SIS T ] : g
! 3 3! :
3 - i tatad
: s = o = O
T T Lt =
¥ a3y i: 3%
t % 3 32552 & ades
13 535T: 1o5; T T : T
® & pee: T 3o jage: 4 > I
;3 {825 feoe1 ooy ﬁ :
: 1 ST e gsl?: 0
T 22993 o o9 o:
32 N '
T
3 " L]
o £
} [53 12224 2230 28922323322 - ¥ a2 E :
! # i .
i : .
b4 sdseddag
HH ;
& 6 i i
33 HtHEL: ; N
4 23 327 823 e o2 i ;
113521 3238 o : :
e 13344 83 T 4 o
133 P%3 80208 29290 33344 421 v b ¢ o)
i
a N 8 ® 0 s N o o 0 < N |
N - - - b - 8
1
H
RdD - FIvd MOTd |
| Y
i
. ] |
|
5 |
‘ 3

e




AMK (ratio less than one), and all three ejectors were considered inoperative
with .40% FM=9 AMK. The secondary flow was effectively nil for all ejectors
with .40% FM=9 AMK at the 25 inch head; therefore, no teste were attempted at
the higher discharge heads.

FLAMMABILITY TESTS

The air gun method was used for flammability evaluation of the modified fuels,
One gallon of fuel, packaged in a frangible container, is propelled by the air
gun at speeds in the range of 120-140 MPH against a steel grid. The container
is arrested at the grid causing the fuel to be extruded through the grid and
sheared by its interaction with the still air to form a fuel-mist cloud. Open
flame ignition scurces were used to test flammability of the mist,

The air gun used in these tests was equipped with a barrel 20 feet long and 5.0
inches inside diameter. The arresting grid was 3 ft. x 2 ft. and was construct-
ed of 1/4 inch steel rod on two-inch centers. Six kerosene-fired torches, spaced
behind tlée grid, were used as the ignition source. This setup is shown in Figures
25 and 2 .

The one-gallon fuel sample was packaged inside two polyethylene bags, one inside
the other, which were contained inside a cardboard cylinder approximately 172

inches long. The test specimen was propelled through the gun barrel by the air
charge behind a styrofoam plug installed in the end of the cylinder (Figure 27).

The projectile velocity was determined by means of two photocells mounted at the
end of the gun barrel which were comnected to & timer., During pre-test calibra-
tions, it was determined that a reservoir pressure of 27 psig would produce con-
sistent velocities of 130 + 5 MPH, Typical tests in progress are shown in Figure
28, Results of the flammability tests were recorded by color motion pictures
made at 300 frames per second,

As previously noted, AMK flammability test samples were taken from various points
in the aircraft simulator system at different time intervals during the simulated
flight test. These were as follows:

Fuel Sample Simulated Flight Time At
Sample Iocation Which Sample Taken (Hrs,)
«30% 9 AMK Similator Tank 0.5, 1.5, 2.5 *
Tank Surge Box 0655 1e5y 205y 3¢5y 4.0
Tank Boost Pump Discharge 0.5y 1.5, 2.5, 3.5 ¥**
Engine Pump Discharge 0.5; 1.5, 2.5, 3.5 ** g
«35% MM4-9 AMK - Simulator Tank 0.5, 1.5, 2.5 *
Tank Surge Box 0455 1e5, 2.5, 3¢5, 4.2
Tank Boost Pump Discharge 0.5, 1.5, 2.5, 3.5, 4.2
Engine Pump Discharge 0.5, 1s5, 2.5, 3.5, 4.2 {
om FM'9 AMK Similator Tank 005’ 105' 205 * 1
Tank Surge Box 0.5, 1.5, 2.5, 3.5, 4.0 ‘
Tank Boost Pump Discharge 0:5, 15, 2.5, 3.5, 4.0 ;
Engine Pump Discharge 0.5, 1.5, 2.5, 3.5, 4.0

1
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FIGURE 26

AIR GUN FLAMVABILITY TEST SETUP




FIGURE 27

FLAMMABILITY TEST FUEL SAMPLE PACKAGING ARRANGEMENT
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FIGURE 28

TYPICAL FLAMMABILITY TEST
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Note: *Fuel level in tank was below sampling point after 2.5 hours,.

**During .30% FM-9 AMK test, tank fuel was depleted at 4,0 hours with tank
and engine pump beginning to cavitate due to fuel depletion., Surge box
sample was obtained after shutdown from residual fuel,

SR R

In addition to the above, flammability tests were conducted on neat Jet A, each
modified fuel "as received", and on samples taken at the fuel level control valve
inlet and discharge for each fuel during the transfer/FLCV operational test.

There was no significant AMK degradation (as compared to FM-9 AMK as received) of
the .30, .35 or .40% FM-9 AMK samples collected from the simulator tank, tank
surge box or tank boost pump discharge as evidenced by flame propagation during
the previously described air gun flammability test. There was some flare-up or
flaming around the ignition sources in some cases, but not to the peint or propa-
gating beyond the immediate area of the ignition source. All of the engine pump
discharge samples, however, were very flammable, appearing similar to neat Jet A
during the air gun tests. The FLCV test samples showed no significant degradation
as a result of passing through this valve., Further analysis and observations rela=-
tiveto the degree of AMK degradation and/or flammability can be made by viewing
the test motion picture film, a copy of which is on file with the FAA,

TANK BOOST PUMP DISASSEMBLY

Following completion of all AMK tests, the tank boost pump which was utilized in
the simulated flight tests was removed, disassembled and examined for evidence of
gel accumulation or other abnormalties resulting from the AMK tests. There was

no gel accumulation inside the impeller or motor housing and no other indication
of pump deterioration as a result of these tests, It should be noted however,
that the inboard main simulator tank was flushed following each AMK test by pump-
ing approximately 500 gallons of JP-5 fuel into the tank and pumping this quantity
out of the tank with the boost pump. The disassembled pump is shown in Figure 29,

SPECIFIC GRAVITY, VISCOSITY AND ORIFICE FLOW CUP DATA

Specific gravity, viscosity and orifice flow cup measurements were made on se=-
lected fuel samples during the previously described tests. Specific gravity was
determined using & laboratory hydrometer and viscosity data were obtained using

a Ubbelohde Viscometer. Measurements were made on samples of neat Jet A fuel and
on each of the three modified fuels in the "as received™ condition prior to any
testing. These data were as follows:

Viscosity

Fuel Specific Gravity (Centistokes)
Neat Jet A 0.807 @ 74 °F 1,98 @ T4°F |
+30% PM=9 AMK 0.800 @ 78 *F 2.89 @ 78 °F ’

«35% FM-9 AMK 0.807 @ 68 °F 3,66 @ 68 °F

«40% P9 AMK 0.808 @ 73 °F 3,81 @ 73 °F
i
{
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FIGURE 29

C-141 MAIN TANK BOOST PUMP ASSEMBLY




Orifice flow cup data were obtained on selected fuel samples. This type mee-

surement was developed by Imperial Chemical Industries, Ltd. as an indication ,
of the degree of degradation of antimisting kerosenes. The particular flow cup ]
utilized was manufactured by ICI and had & 0,026 inch orifice in the bottom of

the cup. The cup is filled to overflow and the fuel is then allowed to flow

through the orifice for a 30 second period. During the next 30 second period :
the fuel flowing through the orifice is collected in a graduated cylinder. The i
quantity collected (milliliters) for various samples is tabulated below.

P/N 1224B500-1

L ORIFICE FLOW CUP DATA (,026 IN, ORIFICE)

‘ Milli- Sample

’ : Fuel le liters Temp, °F

: Neat Jet 4 7.9 68
«30% FM-9 AMK as received 3.3 76
«35% FM-9 AMK as received 2.5 48
«40% FM-9 AMK as received 2.2 73
.30% FM-9 AMK, simulator tank at 2,5 Hr., cruise 2.9 64
.30% PM-9 AMK, simulator tank surge box at 3.5 Hr, cruise 5.6 68
.30% PM-9 AMK, simulator tank surge box at 4.0 Hr. cruise 6.2 68
«30% PM-9 AMK, tank boost pump discharge at 3.5 Hr. cruise 5.9 68
.30% FM-9 AMK, engine pump discharge at 3.5 Hr. cruise 6.5 68
«35% FM=9 AMK, simulator tank at 2,5 Hr. cruise 2.9 64
«35% PM-9 AMK, simulator tank surge box at 4.2 Hr. cruise 6.0 64
«35% PM-9 AMK, tank boost pump discharge at 4.2 Hr. cruise 5¢3 64
«35% FM-9 AMK, engine pump discharge at 4.2 Hr. cruise 7.0 64
.40% FM-9 AMK, simulator tank at 2.5 Hr. cruise 2,6 68
«40% FM=-9 AMK, simulator tank surge box at 4.0 Hr. cruise 4.2 68
.40% FM-9 AMK, tank boost pump discharge at 4.0 Hr, cruise 4.9 68
o FM-9 AMK, engine pump discharge at 4.0 Hr, cruise 7.0 68
«30% -9 AMK, ejector discharge, J. C. Carter B/N 60312 4.8 76
«30% P4~9 AMK, ejector discharge, Allen Aircraft 4.0 76




CONCLUSION

Fuel system simulator tests on the C-141 airoraft fuel system with FM=-9 modified
fuel revealed the need for further development activity to resolve certain prob-
lem areas encountered in this progrem,

(1) Ejector (jet pump) transfer systems - Other means of fuel scavenging and
transfer must be utilized unless performance can be improved by further AMK
fuel development. Unuseable fuel would be increased without improved scav-
enging techniques,

(2) Tank boost pump performance - Reduced boost discharge pressures with
the AMK indicate the need for pump performance/development tests and possi-
bly design improvements to ensure an adequate engine system supply pressure
throughout all flight operating regimes and environments.

(3) AMK filtration - The C-141 engine fuel filter pressure differentials were
in excess of the bypass pressure during all phases of the AMK tests, indi-
cating fuel flow around the filter instead of through it, Means of accom=-
plishing adequate AMK filtration must therefore be developed.

(4) Engine fuel pump operation - The required engine pump fuel flow and dis-
charge pressure was maintained throughout the simmlated flight envelope
(0-40,000 feet) for all three FM=-9 AMK concentrations tested, however the
tank boost pump was operating during each test., Future evaluations should
include suction feed tests with tank boost pumps off (simulating a failed
boost pump) to determine suction feed capability with modified fuels.

(5) Fuel level control valve operation - The fuel level control valve and other
components having small orifices or pressure sensing passages will require
further development, or changes to the AMK fuel to enhance dynamic response
of these components.

(6) Tank quantity gaging system - The accuracy of the capacitance type gaging
system was not significantly altered by the FM-9 AMK.,

With the exception of the engine mounted fuel pump, none of the C-141 fuel system
components caused any significant degradation of the .30, .35 or .40% FM-9 AMK as
evidenced by the air gun flammability tests described herein. All of the FM=9 AMK
fuels passed through the engine fuel pump, however, were very flammable, appearing
similar to neat Jet A during the air gun tests. Thus, results of this test indi-
cate that the FM~9 AMK effectively reduces the flammability of the wing tank fuel
which would be released into the surrounding air during the dynamic phase of an
accident, The AMK entering the engine is apparently degraded significantly by the
engine mounted fuel pump which should aid in restoring normal misting properties
to the fuel.
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APPENDIX

DESCRIPTION OF C-141 AIRCRAFT FUEL SYSTEM

The C-141 fuel system consists of ten fuel tanks, functional components and asso-
ciated plumbing. There are five tanks in each wing which include a No. 1 out-
board main (1230 gallons), a No. 1 outboard auxiliary (2510 gallons), an extended
range (4060 gallons), a No. 2 inboard auxiliary (1650 gallons), and a No. 2 in-
board main (2090 gallons). The aircraft tank arrangement is shown in Figure A-1.
The system plumbing consists of engine feed lines, crossfeed lines, a wing fuel
manifold connecting the tank fill valves with refueling adapters, a tank scavenge
ejector system and a tank vent system. There are two electrically driven centri-
fugal booster pumps in each tank for fuel transfer and engine feed. The pumps
are plug-in type, totally submerged, and are operated by 200 volt AC, 400 cycle,
3 phase power, In normal operations only one pump in each tank is used, with the
second pump serving as a backup unit. The main tank pumps, Pesco P/N 124470-021-
01, have a rated capacity of 23,700 PPH at 6 PSIG (22 PSIG at O flow), while the
extended range and auxiliary tank pumps, PESCO P/N 124471-031-01, have a rated
capacity of 40,000 PPH at 8 PSIG (40 PSIG at O flow). The extended range and
auxiliary tank pumps, having a higher discharge pressure, override the main tank
pumps until the extended range and auxiliary tank fuel is depleted. The main
tank pumps are enclosed in smaller compartments extending from the upper surface
to the lower surface called surge boxes. One-way flapper valves permit gravity
flow of tank fuel into the surge box, and ejectors (jet pumps) scavenge tank fuel
which is pumped into the surge box. This insures a constant supply of fuel to
the main tank pumps. The outboard main tank surge box capacity is approximately
37 gallons while the inboard main tank surge box capacity is approximately 120
gallons. Capacitance type fuel quantity probes are located in each tank for fuel
quantity indication. A schematic diagram of the wing tank plumbing arrangement
is presented in Figure A-2,

Each tank contains one refuel valve (Rogerson P/N 32900) located near the upper
surface which governs the level to which the tank may be filled., The valve is
opened by electrical actuation of either of two solenoids and may be closed by
de-energizing these solenoids. A schematic diagram of the refuel valve is pre-
sented in Figure A-3, The valve consists of a valve body, dual piston=operated
control mechanisms, dual floats and solenoids. This arrengement makes up a pri-
mary and secondary actuation circuit, each independent of the other. With the
primary solenoid emergized as shown in Pigure A-3, incoming fuel pressure un-
seats the inlet poppet and fuel flows into the tank. Fuel also flows through
the primary and secondary piston chamber passages and out of the chambers
through the open pilot outlet. When the solenoid is de-energized as shown by
the secondary pilot, pressure builds up in the two chambers causing the chamber
piston to seat the inlet poppet and thereby closing the valve.

Fuel flows from the wing tanks through the engine feed line in the pylon to the
engine fuel system. The engine system consists of a two-stage engine-driven
pump (Ceco Model 9466), fuel heater, filter, shutoff actuator, fuel control,
flowmeter, pressurizing and dump valve, fuel nozzles and related controls (Pigure
A-4). The first stage of the engine-driven pump is an impeller assembly which
boosts the pressure approximately 60 PSI, Fuel is then ported through the fuel
heater and filter and into the second stage of the pump. The filter element con-
tains a 10 micron disposable element, a differential pressure switch and a spring
loaded bypass valve. Should the pressure differential reach 8 PSI, the pressure
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switch actuates a warning light on the fuel management panel and at 12 PSI differ-
ential, the bypass valve opens and fuel flows around the filter element. Fuel
then flows to the inlet of the engine pump second stage which contains a self=-
relieving 40 mesh screen, 10 micron filter. This filter is bypassed at 60 PSI
differential allowing fuel to flow directly into the second stage. The second
stage is a positive displacement gear-type unit which discharges fuel into the
fuel control and remainder of the engine system.
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