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TABLE 2. BATCH FUEL CHARACTER! I , ENVIRONMENTAL TESTS 

Jet Al AMK (FIM-9"'030) 2 
re (FAA Sample) 

Specific gravi 01298 0.8089 0.8104 
Viscusi @ 60°F istokes) 0445 2.14 3.51 

Freeze Point C) 02386 -44 

Reid Pressure @ 100°F ( 1 b) 0.7 0.3 

l~ater 01744 31 15 

@ 32°F 7 0. 33 0. 

( Bt Hr - ft) 

~ F ) 319 

83.0 
e ns 8 

Aromatics 16.2 
roc a Fractions ( 

urates raffins and Na lenes) 83.83 

efins 0.2 

i cs 16.0 
Ori ce FAA 2.4. 2.5 

r io 6 

FAA 

1 A u ICI to p b1 

2 ng measurements on as rec ved 

3 

y 

t 
i 

percent ns and 
ion 

is 
contained 
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2.3.1 Worst Case Flight le Identification 

case low temperature exposure of fuel in an ai ane was 
analysis of actual commercial polar routes. Polar routes were 

because they present the most severe thermal exposures for city rs 
of inte ( 9). It was stipulated by the FAA at least one 
the cities of candidate routes be 1ocated in the United States. In 

, t date routes were winnowed down to two for 
nation. These were: Helsinki-Seattle (10 hour ight) and 

(13 hour ight), with route coordinates given in e 3. 

3. COMMERCIAL POLAR ROUTES CONSIDERED 
FUEL HEAT TRANSF ANALYSIS 

Cummula-
tive Air 

38N 75 w 39,000 0 481.8 
Wind) 56.45N 89.45W 39,000 1150 

13 Hours 68.15N 124.05W 39,000 2300 
67.04N 173.34W 39,000 3400 
67.04N 34W 39,000 4600 
53.42N 155. ,000 5844 481.8 
35.46N 140.23E 

lsinki-Seattle 19N 24.37E 35,000 0 2 
Head Wind) 66.48N 54.60W 35, 850 484.2 

10 hours 73.10N 43.50W 35,000 484.2 84 
71.56N 29W 35, 2550 2 
59.17N 111.02W 35, 3400 484.2 

.27N 122.18W 2 

variables (latitude, longitude, altitude, airspeed) were input to 
1 computer program. This program, designed nd the day on whi 

most severe low temperature exposure occurs for a given airplane route in 
rn hemisphere, was used to study both the above routes. 

this analysis is 10 years of meterological data (1966-1975) containing 
each of seven altitudes at each of 7 points in 

northern hemi ; these data were acquired from the Nation a 1 Center 
c Research, Boulder, Colorado. Data each of the twice i 

is scanned by interpolating position, altitude, and Mach number along 
ight. The output from TEC 153 is a time averaged route 

and a data le containing ti re va ation 
based on a ranking of t minimum time averaged temperature 

). Plots of the 15 worst cases the two study routes are 
4 and 5, the solid curve in each figure being worst 

vali ty of this approach has recently been confirmed by comparison 
actual in- ight skin temperature data with calculations performed the 

and route. (Reference 12) genera1, the difference between the 
and actual route temperature was less than 3°C. 

9 
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The t eoff point in eact1 city pair was based on the 1 ower ure t 
ether airport. New York and Helsinki were chosen on the basis of 1ov<est 
monthly mean ground tellljJeratures (table 4). ' 

TABLE 4. MEAN MINIMUM GROUND TEMPERATURE AT F 
POINTS FOR WORST CASE FLIGHTS 

Jan Feb Mar 

Helsinki 17°F 14°F 1 F 21°F 
(-8.3°C) (-l0.0°C) (-7 2°C) (-6.1 

New York 270F 
(12.8°C) 

280F 
(-2.2°C) 

320F 
(o.o0 c) 

zgoF 
( -l. 67°C) 

2.3.2 Time Varying Skin Temperature Calculation 

For purposes of heat transfer ca 1cul at ions, ambient temperatures a1ong the 
routes were converted to recovery temperatures using the usual relationsh 

( 1 ) 

where, 

TR recovery temperature 
Tw ambient temperature 
y Cp/Cv (1.4 air) 
R = recovery factor (~ 0.9) 
fvL free stream Mach number (~ 0.84) 

Plots of the ambient and recovery temperatures fort most severe day ~for 
each route are shown in figures 6 and 7. Both routes experience essentiall 
the same minimum temperature for about three hours. However, the bulk 
temperature will be lower in the Helsinki-Seattle flight than the New 
York-Tokyo flight because: the initial fuel temperature is 8.3°C lower, tile 
rni nimum temperature experienced during the f1 i ght occurs I ater in the tl i Slht 
pr·ofi l e; and the time-averaged temperature is lower. Therefore, the 
Helsinki-Seattle route was identified as the worst case and selected for 
simulation. 

In-tank temperature variation and skin temperature for the Helsinki- Seattle 
polar route were next calculated with a one dimensional combined conduction 
convection tt1ermal analysis program. (Reference 13) Nominal el properties 
of Jet A were assumed for the analysis. The initial (takeoff) bulk fue 
telilperature for the analysis was assumed to be equal to the average rninimum 
Helsinki February ground temperature (-10. QOC). Plots temperature versus 
fJel tank t1eight predicted frorn this program are given in figure and LJ 

Free convection heat transfer and mixing are responsible for the un form 
temperature region at the top of tr1e tank while the steep thermal gradient at 
tt1e bottom is typical of the conduction heat transfer process which dominates 
this region. The average heat transfer coefficient at the tank top varies 
with the tank Rayleigh number from approximately 20 BtujOF-ft2 to zero as 

11 



, AVG NE~ YGRK MIN MONTHLY 
CROUND TEMPERATURE =-1.67 DEG C 
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the el cools down. Figure 9 shows predicted skin tempe 
temperature versus time du the worst fli minimum p 
bulk fuel t ure,- • occurs at 7. 3 rs and 
minimum skin t ratur-e,- .3°C, occurs at No fu freezing 
wou1 d be predi from t p 1es s i nee the nt t Jet A 
test fuel is approximately -44oc. 

The above temperature calculations were formed a 11 tank. 
dihedral of the wing causes the inner upper skin to wetted by 1 and t 
outer upper sk n to be dry. Hence. the full simulator tank best models the 
i rd section of a nea y full airplane ng tank. Because the 
convective heat transfer which results when t upper skin is in contact th 
the liquid, the bulk fuel temperature 11 decrease much more idly when the 
tank is full than when the tank is partially 11. 

Near the end of the flight, fuel warming during cent occurs at a. the 
same time that fuel consumption causes the u r skin to lose contact th the 

Under these conditions the shape of thermal p les tends to 
reverse se a free convection region which develops at of 
t tank. 

2. 3 Dynamic mulation 

resulting fr·om a·ir turbulence, ai maneuvers, 
nant engine ion were simu du ng the 

The sim atea gust magni and maneuver les 
10) were obtained in- ight 

ort ious cold 
tran r process 

no induced motion. 

2.3.4 ure~ (Runs 1 rough 3 and 5 7) 

In ure/dynamic tests, Helsinki- ight 
was cont lin tank skin ures~ sl a vib ion, 
the rawal rate. tank ressure a1tit was not simulated in 
this calcu1 skin temperature ( re 9) was 
programmed into test tank temperature controller rior to test; 
temperature was next dropped to -looc, a r t f1i simu1aton was 
begun. Six runs were rformed in this test se 1 o 3 using Jet A 
for establishing ne condit·ions ( ) runs b 
to 7 using AMK. 

As mention earlier, th a 11 
tank. compensate r t ng cool i 
3-ga 11 on rese r mount to maintain 1 
contact th the skin At 
flight. the fuel 1e was g lly reduced 
boost pump, using approximately 10 pulses eve 

Fuel samples t en from ator at speci times du ng 
were used to evaluate s the simulation on AMK racte ics. 
To avoid degrading the AMK it was important to obtain s with m1n1murn 
flow r and agitatiC;";; a rule of thumb devel the local 
velocity to diameter ratio should be less t ng cold tu 

14 
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samples, it was necessary to prevent introducing extraneous amounts of 
moisture into the sample. This was accomplished by using a transpar~:.:nt, 
flexible tube, l-inch diameter and approximately 6ft long, connected to the 
drain line at the bottom of the simulator tank with two ball-valves (figure 
12). During the test, both valves were closed th end B elevated above the 
top ot the tank, as shown. When a sample was to be collected, valve A was 
opened first. The pour spout (end B) was inserted into a 2 gallon sample 
container (aluminum can) after which valve B was opened. The container was 
~hen slowly lowered until approximately 1-3/4 ga11ons of fuel were collected, 
at which time valve A was closed. The fuel remaining in the line between 
valves A and B was then allowed to drain into the container for a total sample 
volume of 2 gallons. Valve B was then closed and end B raised to its original 
position. To avoid condensing water from the moist air n the sample 
container, the sample can was puryed with dry nitrogen gas prior to sa111plin(). 
Immediately after a sample was taken tile sample can was tiSJhtly cappeo anu 
labeled. 

50 

45 -

40 -
10 PULSES 

AT 15 gal/min 
35 r- FOR 10 sec 

EVERY 2 min 
UJ 
..... 30 r- TOTAL FLOW= 10 x 15 x 16/60 40 gal IN ~20 min<( 
a:: 
5: -250 
...J 
u.. 
a.. 20 r-:2 
::J 
a.. 

1 2 3 10
til 15 r- r--- ....-- r---
0 
0 
co 

10 i-

5 . 

I I 
F I

0 1 2 3 4 20 
TIME (min)+ +

START-WHEN BULK FUE RATURE REACHES -4ooc END 

FIGURE 11. BOOST PUMP OPERATING TIMES FOR LOW-TEMPERATURF/ 
DYNANIC TEST SERIES 
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FIGURE 12. AMK FUEL SAMPLING ARRANGEMENT 
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---------

2.3.5 Results 

The calculated and measured skin t~nperature and bulk fuel t ure 
histories of the simulation with Jet A are plotted in fi ure 13. As 
predicted, minimur11 fuel temperatures were higher tr1an the fu reeze point, 
and no fue 1 freezing was observed in the tests. Measured temperature 
dist butions in the tank are plotted as a function of time in figure 14a and 
14b. These profi 1es (genera~ ly the same for Jet A and AMK) have the same 
shape as those predicted and are generally thin of the predicted 
values at the same times. 

Comparison of the bulk fuel cooldown rate with AMK and Jet A (figure 15) shows 
no major differences in the therma 1 response between the two fue 1 s. Hmvever. 
some interesting observations during the AMK low temperature dynamic tests are: 

o At ambient ten;;oerature, AMK in the test tank is clear (same as Jet 
A). However, the AMK fuel generally remained clear even at -40°C, 
in contrast to the typical dark yellow (opaque) appearance of Jet A at 
this temperature. 

0 -
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EXPE RII'!ENT-45 

-50 
0 i 6 8 . 10 
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FIGURE 13. COMPARISON OF EXPERIMENTAL AND PREDICTED 

TEMPERATURES, JET A 
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cloudy although visibili in the tank was still 
rst frozen fuel accumulations were 

and top skins of the tank. accumulations 
up at approximately 0.15 inch/min at bottom, and a lesser 

the top skin. When slosh was initiated, the slurry was 
to t tank dynamics. is re stopped as 

became der. and arou -46oc. the as a 
the completion the 3-hour d s 

the b k temperature was -48oc 
red frozen id. 

o ng the ing le, t formation of "st 
was obse as bulk fue 1 temperature 
temperature range from -23°C to -4°C. The 



FIGURE 16. GEL FORMATIONS OBSERVED DURING BOOST PUMP 
OPERATION IN SIMULATOR TANK 
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FIGURE 17. THERMAL CYCLE PROFILE USED IN ENVIRONMENTAL TESTS 

a near the top interface. As the temperature 
increased, t st ngs inc in n r and deta from the top 
of the tank due to convective motion were aistributed throughout 
the At ut -4oc the st n disappeared. i"lotion pictures 

t phenomena (whi were obse du ng all five cycles) 
clea y show strings. However, the st ngs did not show up ·in 
st i 11 photographs t du ng these tests probably because their 
tran rent nature. 

o In the 2nd cycl • the fuel color was slightly darker (yell ro1tm 
color) at the low temperatures, but freezing phenomenon was about the 
same as before. At ambient temperature t fue1 retu to the co1or 
of normal Jet A. 

o In the 3rd, 4th, and 5th cycles, the fuel was much darker at low 
temperatures and freezing could no longer be observed clearly. Again, 
at ambient temperature the fuel color appeared normal (same as Jet A). 
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o Visual inspection ot the fuel tank after the tank was drainea showed 
no deposits on the interior surfaces. 

2.4.2 Results 

Results of the AMK samples taken from the drain line at the bottom of the 
simulator tank during the tests are reported in table 5. The data show a 
ten den for the ori ti ce cup flow rate to increase and the fi ter ratio to 
decrease with ted eye 1i ng, however, the repeatabi 1ity of tlli s trend was 
not demonstrat the FCTA tests showed that the fuel retained its 
tlammabili protection during all cycles. 

TABLE 5. SUMMARY OF AMK CHARACTERISTICS, RUNS 8-12. 

Water 
Viscosity

(cs) 
Pre- Post-

No. Run n Run Run 

8 erma Cycle 1 2.6,2.6 2.5.2.6 90.9 64.3 3.47 3.45 43 75 
9 Thermal le 2 2.9,2.8 56.9 3.43 76 

10 ermal le 3 2.6,2.7 57.3 3.42 69 
11 rmal Cycle 4 2.7,2.7 46.7 3.39 73 
12 ermal 1e 5 3.0,3.0 40.5 3.39 82 

Baseline 81.6,77.6, 
(as 78.7 
Distilled Water 8.8,8.8 
Jet A 8.2,8.2 

* i ce c results are reported in units of milliliters of fu which ow 
through the orifice in 30 seconds. 

2.5 

The interaction of water vapor and 111ater droplets th cold AMK is a major 
concern in the development of a successsful antimisting fuel. Previous 
research on water reactions th AMK had shown that precipitates formed ~vhen 
water vapo came into contact with cold AMK (reference 3 and 14). In t11ese 
studies. the amount of water ingested into the tank represents an extreme 
case and v1as much greater than the amount expected to be ingested into the 
fu tanks during most flights. 

Tne o ectives of the water/water vapor tests were to determine: if airborne 
water introduced into the fuel tank ullage through the vent system during 
descent through a region of extreme high humidity (rai nstor,n) combined with 
slosh and vibration would subsequently condense and rea th the antimistiny 
a and to evaluate the effect of water and airplane motion on the 
a sting p ies of the fuel. 
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2.5.1 Analysis of Water Vapor Ingestion During Worst Case Conditions 

most realistic simulation would be obtained with a vent system that added 
air at the worst case pressure, temperature and humidity conditions which 
would be found in a descent through a rainstorm. Simulations of the several 
varia es simultaneously have been found to be extremely difficult to control 
accurately in simulations. Therefore, some simplifications were considered 
necessary. 

The worst case situation is considered to be an airplane descending from 
cruise altitude 12,000 m (40,000 ) to sea level through clouds th 

n, such as might be encountered in a tropical or sub-tropical warm front. 
To a chi eve a pressure ba 1anee on the tank during descent, atmosphe c r 
containing water vapor and water droplets flows rough the fuel tank 

• nee the vent entrance either faces down or aft, 1 r li 
roplets are not likely to be ingested$ and 100 percent humi r plus ne 

suspended droplets is a likely worst case for vent system water ingestion. 
However, it is not c1 ear what happens to the water as t s a r 

rough the vent system and enters the tank ullage. temperature, 
el • tank shape, k wall temperatures, and the vent system desi are 

all variables· which ght lead to condensation forming in vent 
lines as well as in the fuel tank ullage. With cold structure 

d fue 1 in the tank. water would be expected to condense ( 
freeze) on all cold surfaces. 

mass of water ingested into the tank du ng time of cent is 

( 2) 
dt 

with some manipulation, the integral can converted to one over al 

0 
mw = I ~__._,..._.,.._._ d h • (3) 

000' 

m = mass flow rate of air into ullage 
p =air densi 
w = water density 

h = descent rate 
dh = altitude 

sumi that the ullage volume remains constant (very low fuel- ow r<~te) 
ring descent and that the perfect gas law applies, ation (3) can 

transformed into the lowing form: 

dT) dhm = 1 ~ c (h) • (+ *- (4) 
w R4o,ooo• dh ' 

where, V = ullage ume 
c(h) = concentration of water at ght h (vapor + fine mist) 
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o ute tempe ure 

in the calculation were those 
renee 15) and for cloud preci 

ssenwi ne and Carmi er (reference 16). The 
rformed numerically in 1 ft increments 

each va able thin ea st 
is 56 7 3 ( 4 0 I). an 
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At the completion of the simulated descent. "ti1e tank was topped off with h 
test AMK fuel and the flight profile repeated. Tne flight profile test 
sequence/ was repeated four times. The water content of the fuel was 
determin~d for the fresh test fu , for the tank fu after each f1 iyht run, 

PRESSURE 
REGULATOR 

UPPER SKIN 
COOLANT SIMULAT()FI TANK 
FLOW 

BOOSTPUW 
DISCHARGE 

LOWER SKIN 
COOLANT---+­
FLOW 

C:OOTI'IOI. 
VAl\'!; 

SLOSH II< 
VUIFIATION 
SIMULATOR 

/ 

FIGURE 20. WATER VAPOR INGESTION TEST SETUP 

after h fuel, and after nal p run. 
procedure u ng Materials ogy (HMT) labo to measure 

water content fuel samples is bed in appendix C. 

2.5.3 Water on ults 

was in 
r was 

into t simulator tank 
to fill tank ull 

using the 
within onE! 

valve was opened; humi ty p 
ring the rocess. Some water 

test tank du ng i ion; however 
ions (e.g. st ngs) were 

ingestion cycles. At the~ cycle, 
AMK ( roximately -370c) remaining, the su 
1/4-inch ick gel and es whi 

ion to drain the tank to the 
the water-AMK reactions on 

this the contained 
ga 11 ons was t 

of th fresh 
-4°C; this t into 

A re ictures (64 frames tests 
ty p ngs indicated that a11 the t 

tank in the vapor phase. r the first ingestion was 
and found to be compl 1y dry, rming is 
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After the second water ingestion cycle the fuel became cloudy, presumably 
se ot the increased water content, and remained c1oudy even when t fuel 

was warmed to ambient temperature. 

fice cup and filter ratio tests per rmed on all base AMK s s 
ingestion 

samples taken a 
tests a red 

r topp ng o 
normal. filter 

the tank s 
ratio tests 

a ten 
on 

uggi ng the filter ratio test apparatus r t 
ia1 solids content tests (0381) 

effort to gain insight into the 
following results: 

were performed 
cause the tl1e 

Sample Initial batch (base) AMK 
Sample 2 Post-test, Cycle 1 0.280% wt 
Sample 3 Post-test, Cycle 2 0.284% wt 

These results indicate that the solids content remained essentially constant 
during the water ingestion test cycles and were not the cause of pl n of 
the filter ratio screen. Subsequently, water analysis tests showed that 
replenishment ·AMK used for these tests contained relatively high (1 
amounts of water as received, and was not typical. It is now ieved 
the plugging problem arose because of mi ng cold AMK and warm 
AMK th a high water content. 

Because the high water content in the base AMK fuel tended to mask the 
the relatively small amount of ingested water, all four les were 

repeated with in-line blended fuel (see Section 3.1). An FAA t engine1er 
was present du ng these repeat tests and t lter ratio test results wBre 
normal. Visual observations (including ion pictures) t 
process were the same as those reported above. i.e., there were 

rse fuel/water reactions. Water content measurements pert 
samples thdrawn from the tank are given in table 6. The results s 
the amount of water which might accumulate in the tu du 
descents through water saturated clouds had no delete ous 
in the tank. 

TABLE 6. RESULTS OF WATER VAPOR INGESTION TEST SAMPLE ANALYSIS 
(I INE BLENDED AMK)* 

scos 

1 Fresh AMK 66 3 51 
2 Post-water vapor ingestion 1st cycle 108 
3 Post eling 1st cycle 97 3.93 
4 Post-vapor ingestion 2nd cycle 127 4. 
5 Post-refueling 2nd cycle 128 4 13 
6 Post-vapor ingestion 3rd cycle 112 3.Sll 
7 Post-refueling 3rd cycle 118 3.97 
8 Post-water vapor ingestion 4th cycle 1 4 
9 Post-refueling 4th cycle 191 4. 

* Water content of the Jet A used to prepare the AMK was measu in p 
(appendix C) 



3. COMPONENT PERFORMANCE WI F 

pu e of the in 
modern transport ai 
temperatures~ and to determine a 
changes of t antimisting test tanc1e 
suction feed, pump, and jet pump were run at 
mean fuel t the t ight 
ambient, -2(PC. were run with Jet A to 
estab1ish base 1i ne performance. e test l u in tests was 
freshly blended prior to ea run using t FAA provided in-line ender 
(figure 21). 

In each component test with freshly blended AMK was transferred from an 
intermediate weigh tank by gravity to t simulator tank. After the was 
fu11. a two-gallon fuel sample taken from the simulator was c racterized th 

cup and Iter ratio tests prior to ginning test run. 
only if the results of the filter ratio ce tests 

were limits presc bed by t h lter ratio of 
4b or higher and o tice cup ow rates n to 3.0 /30 
sec). If the results of the characte zation s were not satis , 
either t FCTA or s i d content tests ired before the main test 
could pe rmed. all t zation tests i cated 
unsatis ry quali of AMK, that discarded and fresh AMK 
prepared. At the end of each test run, a 1 rema1 n1 in tile 
sim ator tank was drain t the next run cou.!d start th a t· 
supp1y of in- 1 i ne blended racteri zat ion ous test runs 
are present in table 7, and e ence in ing unit is 
repo in appendix D. 

3. 1 

The capacitance gauging ire a number 
of tank units di st 1 
quantities at is 
typically made t 
plate of a indrical tor t 
dielect c constant of jet fuel is 
the tank unit is directly 
compensator unit may installed at 
fully immersed in el correct 
dielect c constant. In an actual ai 
calibration curve s ces because 
are accounted r t r units, or a newer 
systems. 

Capacitance gaging tests on a typical airplane u 
with the low temperature simulation tests, runs 1 to 7. 
were rformed th ambient and -40°C Jet A and AMK test ls. 

3.1.1 Cali ion Procedure 

itial calibration of the capa tance unit was pert b.Y filling 
the simulator tank in(;rr:menta11y with ntities A 1 at 
ambient temperature and t inc emptying t tank to c 
repeata li ght l measu th a g scale was 
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slu from gh tank 

es 1 to 9 were mi th a 5 GPM Jet A on the blender 
es to were xed wi an air i ven A pump at 2. 5 to 8 
es to th an air driven Jet A pump at 8 gpm 

32 



recuraed for each fueling increment. From these data a h volume bas 
calibration curve for the tank could be established. Care was t 
ambient temperature tests to obtain calibration curves the A 
antimisting fuels t same temperature. r low temperature 
tests at -20°C and , the calibration was con by filling t 

th , cooling the fuel to the app ate 1k temperature, and 
ining t fu in app mately the same volume increments as t 
ent temperature ca1i 

Antimisting was tested usi t same calibration procedures at 
temperatures and the gauge pe nee was with that 
th Jet A 

1.2 Results 

The tance gauge functioned normally, i.e. si lar to Jet A, th 
fuel at all temperatures AMK data are presented in e 8. 

data show that the capacitance va ed 1i nea 
wi in a narrow band of uncertai • Tests performed th 

, a -40°C AMK indicate that a capacitance gauge designed 
may used to accurately rmi ne the AMK 1 1eve 1 in an 
tank over the -40°C to ambient temperature range thout 

recali ion. These (as well as Jet A data) are pl in 
least s res fit a11 the data is shown as the solid line, w 

ations are 3 percent. 

3.2 

During ai per rmance flight tests, engine suction 
demonst at airplane service ceiling to prove 

stem can supply the engine in t event a 
emergency conditions, adequate flow must be rna i 

airplane fuel system u r the air pressure and ravity 
engine-d ven pump, the engine d ven pump must be le to 

inlet pressure condi on. Fuel owabili is impeded 
in viscosity at low 1 tempe res and with low 1 
high alti s can create a condition 

line. engine line length 
de-body transport ai ane (figure 23) were u 

1ine resi nee t 1 tank to an actual P 
feed pump driven by a 35 HP Va drive ( gure ) • 
Jet A rformance to evaluate the of the 
tested at three di rent temperatures (ambi , 
three simul alti (30,000, 35,000 and ,000 ft). 

3.2.1 JT-90 Engine Pump 

Tne JT engine pump is a two-stage pump (cent fugal first sta , r pump 
second stage) which is designed to develop a mately 1100 id, 72 gpm 
and 6000 rpm. The centrifugal stage employs an inducer ahead main 
impeller. The inducer, by virtue of its design, can ope is ily 

a considerable amount of vapor phase present on the suction surface of 
ades. Du ng suction feed tests the pump speed was reduced from the 
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TABLE 8. FU DI 

re Re No. tance 
) 

AMK • 1 1 0 19.2 
2 61. .3 
3 6 .3 
4 63.25 26.1 
5 64.25 • 0 
6 28.5 
7 • 2 
8 .1 
9 31.4 

10 .5 
11 0 

34.9 
13 .2 

-19.5 1 .9 
2 4 
3 1 
4 4 
5 .0 
6 9 
7 8 

-36.9 1 
2 
3 
4 
5 

2 1 21.9 
2 7 
3 .3 
4 26.5 
5 .8 
6 8 
7 .9 
8 7 .3 

7 36.4 
13 72. 35.9 

71.75 • b 
71. 7 
70. 34.0 

17 4 



TABLE 8. (CONTINUED) GAUGING DATA FOR FU UI NT TEMPERATURES 

rature 
) 

A .2 

A 1.7 

A 

A • 7 

A -33.9 

Record No. 

19 
20 
21 

23 
24 

26 

1 
2 
3 
4 
5 
6 
7 
8 

11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Fuel Height itance 
(in) ( pF) 

69. .6 
68. 32.2 
68. 31.9 
68. .4 
66.31 .5 

• 50 27.3 
62.69 25.2 

23.2 

60.00 21.9 
61. 1 
61.94 9 
63.88 4 
65.69 28.6 
67. 30.8 
69.50 32.7 
71. 34.8 

8 
.9 

63.13 0 
61. 24.0 
59.38 21.8 

N.A • 21.3 
60. 8 
61.81 24.7 
64.00 27.6 
65.81 29.2 
67.81 30.7 
69.75 33.4 
71. 35.0 

7 36.6 
71.44 7 
70. 34.7 
69.88 33.3 
69.00 32.4 
68.00 31.8 
66.25 30.2 
64.31 • 5 
62.25 24.9 
60.31 23.2 
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FIGURE 25. JT-9D ENGINE DRIVEN PUMP INTERSTAGE FILTER 
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designs to model the cruise tlow condition approxin1,ately 1 :20 ypm. A 
40-micron r cartrid fi ter (effective area 100 inL). shown in tiyure 
25 is incorporated between the centrifugal and gear stages; this ti1ter has a 

ss valve ich normally opens at a pressure of 8 to 9 psid. This 
interst filter provides protection against particulate and from ice 

stals at 1 ratures ow freezing. Periodically a fuel deicing 
heater is activated clears ice rticles from the filter. 

3.2.2 ion -Up 

ated 8767 suction line (figure 26) models the length, the gross 
• and inside line diameters of the airplane suction feed 

ne was insulat to reduce heat transfer effects while pum ng
A s inlet to the suction line was located inside 

tank to t boost pump inlet. A tran rent st g 
locatec! i ately u ream the engine dr ven feed pump 

ion for ssible two se ow into the pump. 

2-in GLOM VALVE 2-in TUIII\IG 

TO ENGINE FIEEO UNE 

FIGURE 26. TEST CONFIGURATION FOR SUCTION FEED PERFORMANCE 

3 p ure s 17 to 

( A or in-line blended 
rature, i was t he 1d constant 

pressure was next reduced to the desired 
Ouri suction feed A at 

returned to ator tank for 
r, 

l
th cold Jet A or 

ions, ch translated 
supply was 

h1y 2 minutes 
cruise flow rate. 
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It was found during preliminary operational tests that the suction feed l·ine 
required priming before the engine driven pump could operate satisfactorilly. 
This step was accomplished by filling suction feed line with the boost 
pump just prior to turning on the engine feed pump. After the desired o~<~ 
and discharge pressure of the engine pump had been established, the boost pump 
was switched off, simulating the 11 loss of boost pump 11 condition. The success 
or failure of the test was determined by the measured flow rate discharge 

sure of the JT -90 engine driven pump. Adjustments to the engine driven 
pump were made with ambient temperature Jet A, using re-c i rcu1 a ted fue 1 to 
extend the test duration. The pump bypass and flow control valves were 
adjusted manually until a pressure of approxima~ely 180 psiy was eved at a 
flow rate 20 gpm. The fuel level in the simulator tank was close 
monitored during the test and the time of suction feed failure was recorded. 
When the tank was empty or when the suet ion feed failed, the engine pump was 
stopped and tank cooling was terminated. Some repeat runs were performed th 
both Jet A and AMK to verify the repeatability of the tests; in all cases, the 
original resul were confirmed. After the final suction feed test, 
interstage filter was removed ana inspected for possible gel formations. 

3.2.4 RESULTS 

The important variable in these tests was the pump flow rate, ch will 1 
s rply if the inlet total pressure to the pump falls below a c tical 

value. The suction feed results are summarized in table 9. Success (S) implies 

TABLE 9. SUCTION FEED PERFORMANCE TEST RESULTS 

Simulated Altitude ( 
Fuel Temperature oc 30,000 ,000 40, 

Jet A Ambient s s s 
-20 s s s 
-40 M F F 

AMK Ambient M M F 
-20 s F F 
-40 s M M 

S = Success, 20-30 gpm, 100-180 psi discharge pressure 
M = Marginal, 5-10 gpm, < 100 psi discha pressure 
F =Failure,< 1 gpm, < 10 psi discharge pressure 

a flow rate adequate to maintain cruise power; marginal (M) implies a ow 
rate at whi the engine would lose power, but continue operating; and lure 

a flow rate at which the engine would probably flameout. results 
cate that suction feed performance with -40°C Jet A would be 

a use of viscosity effects; for Jet A, viscosity increases roughly 
rcent when the fue 1 temperature is reduced from 0°C to -40°C. With AMK, 

suction feed performance was poor with ambient and -20°C fuel but improved 
at -4ooc where it was better than Jet A. The FM-9"' antimisting additive 
apparently enhances the f1 owabi 1ity of AMK at the very 1ow temperatures. 
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pump tests, 
anomalies 

tests th t 
boost pump was 

3.3.3 suits 

with AMK pump
In boost pump operation with 

during t 1ow 
of t • 

on and since no gel was 
that 

p s t 1 ng t 

0 increases as temperature reases 

0 

0 

0 

ons. 
roximately t same h s 

completion t 
and inspected. 

rmations within the pump du 
ratures), since inspection could 

sassembl By this time t pump 
In event, no unusua 1 

were during this inspection. 
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TABLE 10. STEADY FLOW BOOST PUMP PERFORMANCE 

13.P. B. p. Develor 1~or 

Discharge Flow Input Fluid Removal Overa11 
Run T Pressure kate Power Pov;er Flow 
No. Description (OC) {psig) (gpm) (hp) (hp) (lb/min) (%) 

35 Max Power AMI3 10.0 40.0 2.09 0.233 6.1 11.1 
36 Cruise Power AMB 17.3 15.0 2. 06 0.140 12.8 7.3 
37 d Head AMB 20.0 0.0 09 21.0 
39 Max Power -20 11.1 40.0 2. 0.2b9 7.'cl 11.7 
40 Cruise Power -20 19.0 12.9 2. 0.143 12.9 6.6 
41 Dead Head -20 22.0 0.0 2. 19.3 

Max power -40 9.0 40.0 2.35 210 6.3 8.9 
44 Cruise Power -40 19.5 15.0 2.24 o. 1 13.0 7.6 

Dead Head -40 23.5 2. 16.3 

AMK 

Max Power -40 12.0 0 0. 6.0 11.1 
49 ise Power -40 .2 .o 0.18 .2 7.2 
50 Head 24.0 0.0 16.9 
52 d 21.0 0 19.2 
53 ise Power -20 22.1 18.0 0.23 11.9 9.0 

x Power -20 8.0 .6 21.1 
56 Head AMB 4 21.1 

ise Power AMB 1 6 15 12.4 1 
59 Max Power 9.9 32 4.1 7.1 

E 11. COMPARI OF J A AND REQUI 

Run No. Temperature ( r ( 
% 

. 
1.77 

3 A 1.61 15.3 
8 AMK 1. 

2 A 1. 
7 AMK -30 1. 4.8 
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TABLE 12. AMK CHAkACTlRIZATlUN RESULTS, BOOST PUMP PlkFURMANCE TESTS 

Run 
Sample Conditions Orifice Cup Filter kat i o 

Fresh AMK. -4uoc Tests 
2.5 Days After Blend 

47 -4ooc Max Power 
Boost Pump Discharge 

47* Vapor Removal 

48 -400C Cause Power Boost Pump Discnarge 

48* Vapor Removal 

49 -4ooc Dead Head Boost Pump Discharge 

49* par Removal 

Fresh AMK, -2ooc Tests 45 Min After 
Blend 

51 -20°C Max Power Boost Pump Discharge 

Vapor Removal* 
52 -zooc Cruise Power Boost Pump 

Discharge 

52* Vapor Removal 

53 -2ooc Dead Head Boost Pump Discharge 

por Removal 

Fresh AMK Ambient 50 Min After Blend 

55 Ambient Max Power Boost Pump Discharge 

55* Vapor Removal 

56 Ambient Cruise Power Boost Pump 
Discharge 

Vapor Removal 

Ambient Dead Head 
Boost Pump Discharge 

57* Vapor Removal 

*Same run conditions except sample taken from 

2.1. 

2.3. 

2.6, 

2.3, 

2.3, 

1.8, 

2.0. 

2.3. 

2.2, 

2.3. 

2.4. 

1.9. 

1.9, 

2.3, 

2.1, 

vapor 

2.2 

2.2 

2.7 

2.2 

2.4 

1.7 

1.9 

2.2 

2.3 

2.3 

2.4 

1.9 

1.8 

2.3 

2.2 

removal 

84.6 

57.0 

5t>.1 

62.1 

b8.1 

9 0 

82.7 

83.0 

64.0 

71.0 

52.0 

68.0 

7 0 

60.0 

5S.O 

scharge line. 
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ai anes where jet pump is tran •
be a much more serious concern. y to i 1ure 

3. 1 

Jet conveniently p ott i ng 
entrainment ratio, 

N = ( 
¢ = Qi 
Pd = di pressure 
Pi = suction pressure
Pm = motive flow pressure 
Qi = i ow 
Qm = motive 

Jet effici is as 

n = 100 (¢)(N). 

e ign Jet A performa~ce curve ( in 
gure 31. dashed 1·ine is t 

-40°C. motive ow t ej 

(5) 

where pressure ow rate are in units psi hr. y. 

rating con ons are as 

o motive gpm 
o motive ig 
o suction 
0 ci 

3.4.2 st P re 

i 
lines as in 

environmental 
t same t 



0.28 .....----------------------------, 

legend: 

t:.. Test 2 February 1973, Jet A; SG = 0.803; PM= 16 

® Test 6 April 1978, standard solv; SG = 767; PM= 10 

0.24 WM ~ 59JSG.y'PMTi 
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FIGURE 31. DESIGN PERFORMANCE DATA, WATER SCAVENGE JET PUMP 
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The orifice (0.0595 inch diameter) installed in the jet pump motive flow line 
was also used to measure the motive flow rate. Orifice calibrations were 
pe armed at ambient temperature with Jet A and AMK with the induced flow 
ca The calculated orifice Reynolds number for these runs was l.lx 
Tne following calibr ion equation was used to compute the motive flow, 

Om ~ C p (6) 

where, Om = motive flow (gpm) 
Lip P1 - Pm 

boost pump discharge pressurePl 
~ jet pump motive pressurePm 

c = 0.08633 Jet A 
c = 0.08192 AMK 

e dis rge coe ici , C, is a nction Reynolds number and is nearly 
constant for Re > • At 1ow temperatures the Reyno 1ds number 11 
decrease cause of the higher viscosity, t ore the values C l1 be 
sli ly higher. At -40°C, values of C will app mately 4 
hi r t n those reported above. is correction was not 

values of Qn. 

3 Results 

e jet pump performance and el c racterization results are in 
les 13 and 14, respecti y. The results the fall ng: 

0 Jet A res ts at ambient a wi t ign values. 

0 AMK was su ntia1ly lower that A at ent 
and -20°C AMK. 

0 -4ooc the formance with AMK was y the same as t 
for Jet A at same temperature. 

0 1ittle apparent degrading at 

0 e oci head is ite sma 11 in a11 cases. 

le dropped below t upper leg of the jet pump inlet a 
in flow rate was observed pumping A (a1l ree 

ures). However, under similiar conditions th t reduction 
ow was very pronounced. It was not s i e to measure ges in 

ow rate due to t short test time. At both 20°C -40°c small 
amounts of ge 1 ( st ) were obs at t jet pump dis 

4. PUMP ENOURANCE 

e component test times in the SO- llon c d fu simulator were of 
relatively s rt duration because of' the small tank capacity with to 
the size the boost pump. A smaller boost pump could been to 

simulator tank for longer run times. but since this to 
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TABLE 13. JET PUMP PERFORMANCE RESULTS, BOOST PUMP FLOW = 15.0 + 1.5 GPM. 

Run Test T v N 
No. Fuel (OC) g) g) ( gpm) gpm) g) ( 

Om 

Jet A 13.0 19.4 5.66 0.32 o.oo 0.32 1.0 0.0005 
AMK 16.4 20.4 4.15 0.32 o.oo 0.32 1.0 o.oos 

46 Jet 
/ 

A 13.0 19.3 6.51 0.31 0.61 0.49 0.92 2.8 0.04 0.53 8.86 1.96 17.4 
58 AMK 16.4 20.8 S.21 0.32 0.31 0.38 0.63 1.9 0.02 0.40 8.32 1[).§17 8.1 

42 Jet A -20.9 21.1 ].84 0.32 0.49 0.49 0.81 2.5 o.o3 0.52 7.10 1.53 10.9 
54 AMK -20.5 22.1 6.90 0.32 o.oo 0.63 0.32 1.0 o.oos 0.64 10.2 0 0 

38 Jet A -40.8 22.4 8.42 0.32 0.37 0.55 o.n 2.1 o.oz 0.51 7.26 l.Ui 8.4 
50 AMK -40.9 23.2 8.70 0.31 0.34 0.54 0.65 2.0 0.02 0.56 6.88 1.09 1.5 

*Based on 3/8" exit i .d. 

TAB AMK I ION RESULTS, 

Run 
No. it ions* io 

AMK RUN #380 2.8, 8 .o 

58 AMB, J.P. Discha -20°C RUN 2.5, 2.4 

BBL #374 Pre-Test 2.7, 2.6 7 0 

54 -20°C, J.P. Discharge AMK RUN 4, 2.3 .9 

BBL #354 2.3, 2.3 7 

-40°C s 2, 2.1 88.6 

*orifice c No. , No. 17 Her ratio ratus Ser. No. 3 
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tests th 
was conside 
1on term 
an effects on 

adequatel
endurance s were 

the main emphasis of t tests was 
the test li 
a s imul 

over 1ong 

mulator 

A fuel system ons of a 
( re 33) was i as 
following ures: 

o full-scale geometry 
o 8747 production 
o simulation of 
o fuel supply su cient 
o temperature control maintaini 

during test runs 
o an imental degrader 
o a engine d ven 
o a 50 engine low pressure cart ' a J engine 

interstage filter and a wash ow 
o 1 ing lity at fuel source, up ream and downstream 

deg r, and at the 
o acquisition system magnetic ration 

capa 1ity 

A 2800 gallon, epoxy lined storage tank ( Irk 
low temperature environmental chamber· in a 
recta ular housing at the bottom of 1i ne 
(figure 35) between t pump i ve of a 
B747 fuel system) was located outside of is thermal y 
insulated to maintain adia ic ow from t rade1:-. 
With ion of t measurements, 

similar to and 
1). 

r consumption and fuel 1i tests were th a 1 nal 
ow rate·in t 1 ng sequence: 

o Jet A (ambient) ine 
o Jet A (-20°C) 
o J A ( -40°C) 
o AMK (ambient), ranee (2 hours) 
o AMK (-20°C), endurance (2 hours) 
o AMK (-40°C). endurance (2 hours) 
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VENT VALVE 

2 INCH DIA X 24 INCH L 

WASTE 
TANK1 INCH BALL VALVES 

u 1 INCH LINE 
SAMPLE 

21NCH LINE 

When the fuel sample is to be obtained, take the following steps: At the nningall 
valves are osed. 

1. Open V-3 
2. Open V-1 

The test fuel will flow through the sample fuel reservoir, flushing it 
discharging into a waste tank through V-3. All throttling will·occur a V 
the fuel within the reservoir remaining unaffected. 

3. After about one minute of flushing. close V-1 and open V-2. Collect the 
discharge from V-3 in a 2 gallon AMK container. Use V-4 to control the flow rate. 

4. Close V-2 and open V-1. 
This will allow the sample reservoir to be ref1l led. 

5. Repeat steps 2 through 4 until the 2 gallon sample is obtained. 
6. Close valves (1), {2), and (3). 

FIGURE 36. AMK ON LINE SAMPLING PROCEDURE (STATIONS 82 AND 83) 
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TABLE 15. AMK SAMPLE RESULTS, BOOST PUMP ENDURANCE TESTS 

Serial Orifice Cup 
Jml/30sec} 

02-01-84 51, from supply tank after Pass (all points) 1.8, 1.7 
blending 4 batches,Prior to 
AMB Temp. Test, Run No. 6 

02-13-84 Slfl/*Supply Tank Pass fan points} 1.8, 1.8 
Sl 2) Pass all points 1.9, 1.9 
52(1) Upstream of degrader Pass ~al1 points) 4.6, 4.5 
52(2) Pass 4-points), 4.6, 4.5 

Fail (2-Points} 
S3(1) Downstream of degrader Fail (all points) 6.8, 6.9 
53( 2) Fail (all points) 6.8, 6.7 
S4(1) Collection tank Fail (all points) 6.0, 5.9 
54(2) Fail (all points) 6.2, 6.3 

2 02-10-84 Sl, from supp '!y tank after Pass all points 2.0, 2.0 
blending 4-batches, prior to 
-2ooc Test Run No. 7 

02-16-84 Sl(l)+ Supply Tank Pass all nts 2.0, 1.9 
Sl(2)+ Pass all points 1.8, 1.8 
S2( 1( Upstream of degrader Pass a1l points 2.2, 2.3 
s2(2,+ , Pass a11 points 2.8, 2.7 
53(1)+ Dowristream of degrader Pass all points 6.0, 6.1 

Downstream of degrader Fail all nts 6.8, 6.9 

2 02-16-84 S4(1)+ Collection tank, rear camp. Fail (all nts) 5.2, 5.3 
S4(2) Fail (all nts) 6.7, 6.6 

S4( Col on tank, center comp. Fail 7.2, 7.2 
S4( Fail 6.2, 6.3 
S4( Fail 7.0, 7.1 

3 02-15-84 Sl (blended 2-14-84 Pass 1.8, 1..8 
for 
51 Pass nts) 1.8, l.S 

Pass nts) 1.9, 1.9 

52(1) Upstream of Pass (all points) 3.8, 3.8 
S2(2) Pass (all points) 3.6, 3.7 

1) Downstream of Fail all 1~ts) 6.6, 6.7 
2) Fail 1 nts) 6.7. 6.8 

S4(1) Collection tank Fail (all nts) 6.4, 6.5 
54(2) Fail (all nts) 6. 7. 6.7 

3A 02-·24-84 Sl( 1) tank (-40DC AMK, Run 9) Pass (all poi l. 7' 1.6 
Sl(2) Pass (all points 1.8, 1.8 

1) Upstream of degrader 1.8, 1.8 
2) 1.9, 2.0 

1) Downstream of degrader Fail all points 6.6, 6.7 
2) Fail (4 nts) 6.9, 6.8 

pass (2 points) 

Collection tank Fail (all nts) 5.9, 5.9 
Coll on tank, Fail (all points) 6.7, 6.8 
to 

Fail (all points) 6.2, 6.3 

Numbers in parentheses refer to ttme sample was taken d~ring test. (l) = .after l./2 hr* 
(2) = after 1/2 hr. 

Six points tested: air velocity 50 m/s, fuel flow (ml/s) = 12, 14, 16** 
r velocity 60 m/s, fuel flow (ml/s) = 12, 14, 16 

+ Sample heated to and cooled to ambient prior to characterization tests 
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s. 
tan sin was 

endurance test. 

FIGURE 37. BOOST PUMP INLET FOLLOWING -40° AMK ENDURANCE TEST 
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FIGURE 38. BOOST PUMP MOTOR FOLLOWI~G -40° AMK ENDURANCE TEST 
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TABLE 16. MANUFACTURER 1 S PERFORMANCE DATA (HYDRO-AIRE 703) 
OVERRIDE BOOST PUMP, 7/14/69 

Fuel 

tions (JP4) 

0 0 48.7 200 11.1 12.1 11.6 2890 75 JP-4 Speci c avi 
0.750@ 7 

5,000 13.3 .3 200 11.6 12.5 1 1 3080 75 

10,000 26.6 46.0 200 12.0 13.2 .4 3270 75 
20,000 53.3 42.8 200 13.3 14.3 13.8 3600 76 
30,000 79.9 39.5 200 14.0 15.2 14.1 3800 0 1 ntained 

10-15 ii 
11 mouth 

40,000 106.6 34.1 200 14.7 16.1 14.9 3950 76 o pump centerline 11.7 
50,000 133.2 28.5 200 14.8 • 1 .8 3970 76 inches a ve inlet 

be lmouth 
60,000 159.8 24.1 200 14.4 15.6 14.4 3855 

*Maximum allowable power= 4500 Watts 

4 Boost Pume Performance Results 

The boost pump performed sat i sfactori1y with no increase in pump 
case temperature, pumping continuously (15 gpm) r 1 with 
ambient. -20°C. and -40°C AMK. Steady f1 ow e1ect r measurem1:nts 
are compared. to Jet A requirements in table 17. show the 
power requirements for AMK are approximately the same as those to 
Jet A. This result is at variance with the measurements 
boost pump (section 3.3) which showed that the power requi 
!:i to 18 percent higher than that for Jet A. In fact the 
in the endurance test was 1ess than that required for Jet A at t same 
temperature. Reasons for this anomalous behavior may reside in t t 
the endurance tests were performed with an override boost pump ( th the 
2000-gallon tank was equipped) which develops higher ure and flow ~rate 
than the main airplane boost pump used in the simulator tests. However, both 
pumps are of similar design and it was anticipated that their r 
characteristics would be similar. Normally. it would be expected that i 
power would increase with lower temperature and increasi viscosi • however 
tr1e drag reducing characteristics of FM-9 could be the source anomaly 
between the pumps. Aside from these differences, the main conclusion ch 
can be drawn from the boost pump tests is that the pump will o 
satisfactorily with AMK, particularly at low fuel temperatures. 
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TAI:lLE 17. RESULT OF BOOST PUMP P ER MEASUREMENTS 
NOMINAL FLOW RATE = 15 GPM 

Temperature Flow Voltage 
(oc) ( gpm) (vac) 

cJl1 4>2 cjl3 

ambient 15.0 112.0 .0 13.0 13.1 3. 4. 

A -20 14.9 111.7 13.5 13.5 14.0 3.39 4.55 

-40 15.1 111.6 14.0 14.0 14.5 3.b1 4.7 

ambient 1 0 111.5 13.0 1 0 13.0 3. 4. 
AMK -20 15.0 108.0 .0 13.0 15.5 3.64 

-40 15.0 111.3 13.5 13.5 13.5 3.34 4.48 

*Power factor ~ 0.7 (assumed from calibration test results) 

ng the pump tests it was not possible to visually check 
the presence of gel inside the tank. It is noted that when boost p 

was removed for inspection fo 11 owing the -20°C and -40°C endurance tests, 
it had warmed to ambient tern rature and gel which might have 

ing the test could not observed. ins ions showed no 
unusua 1 wear or deposits. characte zat ion data samples ned 
downstream from the boost pump (station S2) showed little evidence of 
degrading. 

4.5 rformance ults 

The degrader used in the endurance tests was sed of a ston 
1 pump (which increased the test fuel pressure from a i g to 

severa1 thousand psi g. depending on the temperature) a pressur'e 
th i ng va 1ve which dropped the pressure back down to a value 

ig. Under the very high shear rate tions in the throttlin 
complete degrading of the AMK was ected. FAA r si 
that of Mannheimer (reference 5) and the test device was intended as an 
experimental AMK degrader. AMK degradation was expected to r 
one pass through the throttling valve. was also expected r 
pressure differentials would be required to deg AMK at lower 
but the precise requirements were unknown. d 
values u in these tests were speci ed by the FAA ( 

The degrader sha torque and rpm were measured a 
torque meter i nsta 11 ed between the Va drive and the pump 
shaft power calculated from these measurements is in uded in 

ammabi 1i tests performed on the fue 1 samp 1es 1ected down t 
degrader throttling valve (station S3) showed r re the 

ammability to that Jet A (table 15). 
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FIGURE 40. TYPICAL METER INSTALLATION FOR DEGRADER 
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TABLE 18. M~ASUR~MENTS OF AMK TlST DEGRADER POWER RSUS 
TEMPERATURE USED IN ENDURANCE TESTS 

Pump 
Flow Fuel Upstream Delivered Pump Input

Endurance Rate Temperature Pressure Power Shaft Power 
Run __j_~C) 

6 15.1 17 2252 19.8 25.0 
7 14.9 -20 4115 35.8 41.6 
9 14.8 -40 5622 48.5 5 8 

4.6 Filter Performance Results 

The flow performance of the following three filters was evaluated duriny the 
en ranee runs: 

o CF6-50 low pressure cartridge filter 
o 90 engine driven pump interstage filter 
o JT-80 fuel control wash filter 

filters, shown in figures 25, 41, and 42, were located downstream of the 
rader throttling valve (figure 33) and were equipped with a bypass circuit 

in the event of excessive pressure drops. Baseline pressure drops thruugn the 
filters were measured with Jet A prior to the AMK tests. After each run. the 
i rstage (paper) filter was changed and the CF6 ana JT-80 wa flow filters 
were cleaned with xylene-butanol solvent. 

pressure drop data for AMK (table 19) show slightly higher 
in all lters at ambient temperature, and substantially higher sure 
across the interstage and washf1ow filters at -20°C. The ters bypassed 

thin a few minutes of operation with -40°C AMK fuel. Photog the 
lters immediately aft~r the -40°C run (figures 43 to 4!:l) showed la 1 

accumulations on the downstream side of all lters, explaining t 
drop data. Gel was observed in all tests to cover the fine screen 
t wash lter. 

TABLE 19. STEADY FLOW FILTER PRESSURE DROPS (PSID) 

Filter 

6 lter 3 to 1.2 1. 3 1.5 to 2.5 to 3.3 22.7 
1.1 2.2 

ven 0.15 to 1 to 0.5 2.1 to 8 to 8. 5 26.0 
ter- 0.25 0.2 2.9 
1ter 

Fuel rol 1.0 to 1.9 2.5 0.2 to 58.8 70.3 
h lter 0 1.9 
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FIGURE 41. CF6 -50 LOW PRESSURE CARTRIDGE FILTER 
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FIGURE 43. CF6 FILTER FOLLOWING -40°C AMK ENDURANCE TEST 
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FIGURE 44. JT9D ENGINE DRIVEN PUMP, INTERSTAGE FILTER FOLLOWING 
-40°C AMK ENDURANCE TEST 
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FIGURE 45. JT8-D FUEL CONTROL WASH FILTER FOLLOWING -40°C AMK 
ENDURANCE TEST 
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the AMK tests, re Jet A tests were performed hig 
s than i niti y measured. specifi 1 across the wash lter 

pressure drop was approxi 1y six times 

ose-up photographs wash 1ter screen ( fi 
A tests showed evidence of gel deposi on t 
r whi persisted even r cleaning th lene-

4.7 Flow Mea 

fuel ow in system 
filters was measured with a one-i 
i nsta 11 ed in the system prior to 

i the 

moni 

A 1 inch turbine flowmeter was install in 
JT -80 wash lter prior to the -20°C nee 

purpose this second meter was to measure the wash fuel set 
1. 7 gpm. Because of formation of on fine screen mesh, a 0\>1 

resistance resulted and the differential pressure caused to 
bypass. During AMK run at -40°C there was no indi on of in 
sma 11 meter. Subsequent inspection of the 1 meter showed 1 
coll inside meter and p the turbine ing. 

DISCUSSION 

sul ts of en vi ronmenta l and 
ins le problems with airframe 1 system components 

temperature range and number of cycles studied. 
rved with airframe s ion feed, and jet pump 

1 filters. The suction feed problem relates to an 
1ity which is an FAA service writing certi cation 

engine 1 filter problem to degrader development and 
1 r problem is not in Boeing•s pur ew. 
observations are bri y discussed in is section. 

5.1 

suet ion feed results with ambient and -zooc AMK are of the most conce1An, 
since satisfactory feed system performance could not be demonstrated a 

000 feet. In suction feed tests performed by Ching and Peacock, Jet A 
met the required system flow and pressure to the maximum certi ed al 
(42,000 ft), with ambient AMK the system was 1imited to 31,000 is 
result is simuliar to the results of the Boeing tests. It is pointed out that 

tests were performed without a degrader installed upstream the engine 
ven pump which might or might not affect the suction feed li 

is also noted FAA certification requirements are for suction feed to the 
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FIGURE 46. FINE MESH GEL RESIDUE AFTER CLEANTNr. 
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5.2 

airplane service ling and for en ne restart on suction a li 
a ndmi11ing engine to drive a degrader and still maintain starting is 

an issue. 

8747 override boost pump~ which is similar to the main boost , 
showed no evidence of overheating when operated various temperatures and at 
a cruise f1 ow rate (15 gpm) for a two-hour period. Power measurements at 

flow conditions with AMK at ambient, -20°C, and -40°C were rou y 
the same those for Jet A at the same temperatures. ndings are at 

with power measurements performed during short term operations th a 
main boo pump where 5 to 18 percent more power was needed to AMK 

A. This anomally may arise from the overri 
designed for higher pressure and flow rate and at 15 gpm was operating 

low its ign flowrate than the main boost pump. With AMK the 
pump power tended to decrease as the temperature was reduced, 

th Jet A the opposite trend was observed. fhi s result may 
"flow improver 11 qualities of the FM-9 polymer. 

Jet pump performance ~;;ith AMK was substantially less than that 
except at -40°C. The AMK motive flow in these tests was 
"undegra 11 since the boost pump provides very little ng. 
pump, t induced flow is a result of the low pressure 
accele ion of the motive flow through the primary noz e. 
suggest that the expansion process with AMK is quite different 
Jet A ambient temperature and -20°C. a more comp1 understand·i 

riments aimed at studying this expansion process with AMK in more 
wou 1 d required. It shou 1 d a 1 so be pointed out that the ve 

s were conducted with 1 not saturated with water. 
ive to study 

jet pump 
effects of cont led amounts of water in 

The gaugi and en vi ronmenta 1 indicate that 11 behavE~ in 
a hion similar to A inside the fuel tank. was no evidence 1 
buildup or blockage of the fuel transfer holes (mouse holes) cut in the bottom 

ringers in t simulator tank. 

Du ng the our engine simu1 ion tests, the interior of tank 
could not be viewed and it is not known whether ge 1 was rmed 
tank. However, the only gel formations observed in any component 
system were downstream of the lters; it is beli that this gel was formed 
as the fuel flowed through the filters, and did not originate in the 
tank. Some or a11 of the fi 1ters are found in various en ne feed systE!ms, 
and t ir sensitivity to gel formation is in all robability a function of the 
AMK degrading unit performance. It appears t the degrader used in 
studies was inadequate for filter performance, although the degraded 
satisfactory flammability characteristics. 

The tendency ot gel to build up and eventually cause filters to bypass was 
found only at the low temperatures (-20°C and -40°C); the time to s 
decreased as temperature decreased. There were semi-permanent gel deposi s on 
the fine screen portion of the fuel control wash filter which could not 
totally removed with the cleaning techniques used. ther more effective 
deyradiny or a change in filtration approach appears necessary to solve this 
filter performance problem. 
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5.4 on 
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is result is 
ly as a flow 
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lters 
studies 
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0 stems are e th 

0 es of are low 
or normal ion 

from t results of fuel system environmental and nt' d 
tests of following list indicates concerns which Boein feels must 
re ved ra1 eet use of AMK is considered practica 

o Introduction improperly blended (such as t i 
produced du ng in-line blending in this program) into an ai 
fuel k would be unacceptable to ai ane r 

0 A rader v~hose substantially the 
mental degrader ram or 1ter modi 1 

ired to avoid bloc engine Hers. 

0 .. Jet pump rmance is poor th 

0 If main boost pump power requirements are g 
inc power requirement would s antially 
thermal p on. 

0 altitude which a 0 
performance be maintd was some 5000 h 
than th Jet A (except at very cold 
cause airplane se ce ling to 
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8. NOMENCLAtURE 

:::: i sting kerosene 
c = concentration 
Cp ::::: fie heat at constant pressure 
Cv = c heat at constant volume 

:::: antc 
D :::: diameter 

m 

:::: 1 iation Admi ni st ion 
h = ght 

:::: 1 mass 
M ::::: number 
N :::: ssure io 
p :::: sure 
t.p :::: i fferent i a1 sure 
Q = flow rate 
R :::: recovery gas constant 

w 
v 
t 

= olds number 
:::: time 

T ::::: temperature 
:::: veloci 
::: r densi 

io 

R = 
ro :::: 

::::w 
:::d 
::::: 

m :::: 

1 = 
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APPENDIX A 

TEST MATRIX 

environmental and component were performed in in 
l test table of 

by combining test configurations, e 
s. 





TABLE A-1. TEST MATRIX 

CONTROLLED/SIMULATED PARAMETERS FUEL TEMPERATURE MEASUREMENTS SAMPLE 

HUN 

NO 
TEST DESCRIPTION 

TEST 
FUEL 

TYPF 

SLOSH & 
VI BRA 

TION 

PRESS. 
(Al Tl 

TUDE I 

SKIN 

TEMPER 
ATURE 

FUEl 

WITH· 

DRAWAL 
H~~~D 

i 
START 

INTER· 
MEDIATE 

END 

THER· 

MAL 
PROFILE 

TANK 
PRESS. 

FUEL 
LEVEL 

GAUGE 
CAPAC I~ 

TANCE 

FUEL 

REMOV~ 

RATE 

~ ..~ 

PHOTO~ 

GRAPHY 

,--~ 

REMARK 

ANALYSIS 

(NO. OF 

SAI\I:PI CS) 
-

1 LOW TEMPERATURE 
DYNAMIC AND GAGING 

NEAT 
JET A 

YES - YES YES - ·10° c -40 ° c AMBIENT YES - YES YES YES 
If FOUND 
NECES~ 
SARY 

YE!.': 131 

2 LOW TEMPERATURE 
DYNAMIC AND GAGING 

NEAT 
JET A 

YES - YE~ YES - -10° c ·20 ° c AMBIENT YES - YES YES YES 
IF FOUND 
NECES~ 
SARY 

YES 121 

3 LOW TEMPERATURE 
DYNAMIC AND GAGING 

NEAT 
JET A 

YES - - YES - AMBIENT AMBIENT AMBIENT - - YES YES YES - YES (2) 

4 LIQUID WATER/WATER 
VAPOR 

NEAT 
JET A 

YES YES YES YES YES AMBIENT -40 ° c AMBIENT YES YES YES YES YES YES YES (3) 

5 LOW TEMPERATURE 
DYNAMIC AND GAGING 

AMK YES - YES YES - AMBIENT -40 0 c AMBIENT YES - YES YES YES YES YES 131 

6 LOW TEMPERATURE 
DYNAMIC AND GAGING 

AMK YES - YES YES - AMBIENT -20° c AMBIENT YES - YES YES YES YES YES 13) 

;t> 
l ...... 

7 I LOW TEMPERATURE 
1 DYNAMIC AND GAGING 

AMK YES - - YES - AMBIENT AMBIENT AMBIENT - - YES YES YES - YES (2) 

8 I THERMAL CYCLING 

1ST CYCLE 
AMK YES - YES - - AMBIENT 

50 ° to 
-60 0 c AMBIENT YES - - - - [i> YES (2) 

9 THERMAL CYCLING 

2ND CYCLE 
AMK YES - YES - - AMBIENT 

50°to 

-60 °C AMBIENT YES - - - - [i> YES (1) 

10 THERMAL CYCLING 

3RD CYCLE 
AMK YES - YES - - AMBIENT 

50°to 

-60 ° c AMBIENT YES - - - - [i> YES ·I) 

11 THERMAL CYCLING 

4TH CYCLE 
AMK YES 

I - YES - - AMBIENT 
50° to 

-so 0 c AMBIENT YES - - - - [i> YE: (1) 

12 THERMAL CYCLING 

5TH CYCLE 
AMK YES - YES - - AMBIENT 

50° to 

-60 0 c AMBIENT YES - - - - [i> YES 111 

13 LIQUID WATER/ 
WATER VAPOR 

AMK YES YES YES YES YES AMBIENT -40 ° c AMBIENT YES YES YES YES YES YES YES (3) 

1ST CYCLE 

It: l=l!EL APPEARANCE CHANG[$ on OTHER lNTER!:STlNG PHENOMENON lS OBSERVED 



TABLE A-1. TEST MATRIX (CONTINUED) 

KUN 

NO 

14 

TEST DESCRIPTION 

liQUID WATER/ 
WATER VAPOR 

2ND CYClE 

TEST 

FUEL 
TYPE 

AMK 

CONTROLLED/SIMULATED PARAMETERS 

SLOSH & PRESS. SKIN FUEL 
HUMIDVI BRA (AlTl- TEMPER WITH· 

lTV 
TION TUDE) ATURE DRAWAL 

YES YES YES YES YES 

FUEL TEMPERATURE 

INTER· 
START ENDMEDIATE 

AMBIENT ..IIOoC AMBIENT 

THER· 

MAL 
PROFilE 

YES 

TANK 
PRESS. 

YES 

MEASUREMENTS 

GAUGE FUEL 
FUEL 

CAPAC!· REMOV. 
LEVEL 

TANCE RATE 

YES YES YES 

PHOTO· 
GRAPHY 

YES 

REMARK 

SAMPLE 

ANALYSIS 

(NO. OF 

SAMPLES) 

YES (3) 

15 LIQUID WATER/ 
WATER VAPOR 

3RD CYClE 

AMI< YES YES YES YES YES AMBIENT .4() 0 c AMBIENT YES YES YES YES YES YES YES {3) 

16 LIQUID WATER/ 

WATER VAPOR 

4TH CYClE 

AMK YES YES YES YES YES AMBIENT 40°C AMBIENT YES YES YES YES YES YES YES {3) 

>
! 

N 
17 

18 

19 

20 

SUCTION FHD 

PERFORMANCE AT:lO,OOO 

SUCTION FEED 

PERFORMANCE AT35,000' 

SUNCTION FEED 

PERFORMANCE AT40,000' 

SUCTION FEED 

PERFORMANCE ATJO,OOO' 

NEAT 
JET A 

NEAT 
JET A 

NEAT 
JETA 

NEAT 
JET A 

-

-
-

-

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

-
-

-
-

AMBIENT 

AMBIENT 

AMBIENT 

AMBIENT 

-40° c 

-40 0 c 

..IIOOC 

·20°C 

YES 

YES 

YES 

YES 

YES 

YES. 

YES 

YES 

YES 

YES 

YES 

YES 

-

-

-
-

YES 

YES 

YES 

YES 

-

-

-

@> 

@> 

@> 

@> 

21 SUCTION FEEO NEAT 
JET A - YES YES YES AMBIENT ·20°C 

PERFORMANCE AT35,000' 

22 SUCTION FEED NEAT 
YES 

PERFORMANCE AT40,000' JET A - YES YES - AMBIENT -20° c 

23 SUCTION FEED NEAT 

PERFORMANCE AT30,000' JET A - YES - YES - AMBIENT AMBIENT 

24 SUCTiON FEED NEAT 
YES YES AMBIENT AMBIENTPERFORMANCE AT35,000' JET A - - -

@> ALSO MEASURE ENGINE FEED lilliE PRESSURE AND ENGINE PUMP DISCHARGE PRESSURE IN All SUCTION FEED TESTS 

YES 

YES 

YES 

YES 

YES 

YES 

I 

YES 

YES 

YES 

YES 

-

-
-
-
-

YES 

YES 

YES 

YES 

I..__-

-

-

-

@> 

@> 

@> 

@> 



TABLE A-1. TEST MATRIX (CONTINUED) 

CONTROLLED/mMULATEDPARAMETERS FUEL TEMPERATURE MEASUREMENTS SAMPLE:! 

RUN 

NO. 
TEST DESCRIPTION 

TEST 

FUEL 

TYPE 

SLOSH & 
VI BRA 

TION 

PRESS. 
(ALTI-

TUDE) 

SKIN 

TEMPER· 

ATURE 

FUEL 

WITH-

DRAWAL 

HUMID-
lTV 

START 
INTER-

MEDIATE 
END 

THER-

MAL 

PROFILE 

TANK 
PRESS. 

FUEL 
lEVEl 

GAUGE 

CAPAC I-

TANCE 

FUEL 

REMOV. 
RATE 

PHOTO-
GRAPHY REMARK 

ANALYSIS 

(NO. OF 

SAMPLES) 

25 SUCTION FEED 

PERFORMANCE AT40.000' 

NEAT 
JET A - YES - YES - AMBIENT AMBIENT - YES YES - YES @> 

26 SUCTION FEED 

PERFORMANCE AT30,000 
AMK - YES YES YES - AMBIENT -40 ° c YES YES YES - YES - @> 

27 SUCTION FEED 

PERFORMANCE AT35,000' 
AMK - YES YES YES - AMBIENT -40 °c YES YES YES - YES - @> 

28 SUCTION FEED 

PERFORMANCE AT40,000' 
AMK - YES YES YES - AMBIENT -40 0 c YES YES YES - YES - @> 

29 SUCTION FEED 

PERFORMANCE AT30,000' 
AMK - YES YES YES - AMBIENT -20°C YES YES YES - YES - @> 

30 SUNCTION FEED 

PERFORMANCE AT35,000' 
AMK - YES YES YES - AMBIENT -20°C YES YES YES - YES - @> 

>
I 

31 SUCTION FEED 
I PERFORMANCE AT40,000 

AMK YES YES - AMBIENT ·20°C YES YES YES - YES - @> 

w 32 SUCTION FEED 
PERFORMANCE AT30,000' 

AMK - YES - YES - AM81ENT AMBIENT - YES YES - YES - @> 

33 SUCTION FEED 
PERFORMANCE AT35,000 

AMK - YES - YES - AMBIENT AMBIENT - YES YES - YES - @> 

34 SUCTION FEED 
PERFORMANCE AT40,000 

AMI< - YES - YES - AMBIENT AMBIENT - YES YES - YES - @> 

35 BOOST PUMP 
MAXIMUM POWER 

NEAT 
JETA 

YES YES AMBIENT -40°C YES YES YES - YES YES I!> YES 121 

36 BOOST PUMP 
CRUISE POWER 

NEAT 
JET A 

YES YES AMBIENT -40 0 c YES YES YES - YES YES @> YES 121 

37 BOOST PUMP 
DEAD HEAD 

NEAT 
JET A 

YES YES AMBIENT -40 0 c I 
YES YES YES - YES YES I!> YES (2) 

il> AlSO MEASURE ENGINE FEED liNE PRESSURE AND ENGINE PUMP DISCHARGE PRESSURE 1111 All SUCTION FEED TESTS 

i.f> AlSO MEASURE IN THESE RUNS •BOOST PUMP POWER INPUT • PUMP CASE TEMPERATURE •VAPOR REMOVAl HOW RATE 
1111 PUMP D1SCHARGE PRESSURE "JET PUMP flOW RATE o JET PUMP DISCHARGE PRESSURE 



TABLE A-1. TEST MATRIX (CONTINUED) 

HliN 
NO 

IIS!IHSCHIP!ION 
Tl Sl 
FUEL 
TYPf 

CONTROLU D/SIMULA TED PARAMETERS 

SlOSH & PRESS. SKIN FU~L 
HUMIDVI BRA {Al Tl TEMPER WITH-

lTV
TION TUDE) ATURE DRAWAL 

FUEl TEMPERATURE 

INTER·
START ENDMEDIATE 

THER-
MAL 

PROFILE 

TANK 
PRESS. 

MEASUREMENTS 

GAUGE FUEL 
FUEl 

CAPAC!- REMOV.
LEVEL 

TANCE RATE 

PHOTO· 
GRAPHY REMARK 

SAMPLE 
ANALYSIS 

(NO. OF 
SAMPLES) 

38 BOOST PUMP 

JET PUMP 

NEAT 
JET A 

YES YES AMBIENT -40° c YES YES YES - YES YES fi> YES (1) 

39 BOOST PUMP 

MAXIMUM POWER 

NEAT 
JET A 

YES YES AMBIENT -20°C YES YES YES - YES YES fi> YES {2) 

40 BOOST PUMP 

CRUISE POWER 

NEAT 
JET A YES YES AMBIENT ·20°C YES YES YES - YES YES @.> YES {2) 

I 

41 BOOST PUMP NEAT 

DEAD HEAD JET A YES YES AMBIENT -20°C YES YES YES - YES YES @.> YES 121 

42 BOOST PUMP 

JET PUMP 

NEAT 
JET A YES YES AMBIENT -20°C YES YES YES - YES YES @.> YES {1) 

:t> 
l 

.j> 

43 

44I 
BOOST PUMP 

MAXIMUM POWER 

BOOST PUMP 

CRUISE POWER 

NEAT 
JET A 

NEAT 

JET A 

-
-

YES 

YES 

AMBIENT 

AMBIENT 

AMBIENT 

AMBIENT 

-
-

YES 

YES 

YES 

YES 

-

-

YES 

YES 
I 

YES 

YES 

fi> 

fi> 

YES 

YES 

(2) 

{2) 

45 BOOST PUMP 

DEAD HEAD 

NEAT 
JET A YES AMBIENT AMBIENT - YES YES - YES YES fi> YES (2) 

4£ BOOST PLJMP 

JET PUMP 

NEAT 
JET A - YES AMBIENT AMBIENT ~ YES YES - YES YES fi> YES (1) 

47 BOOST PUMP 

MAXIMUM POWER 
AMI< YES YES AMBIENT -40° c YES YES YES - YES YES fi> YES (2) 

48 BOOST PUMP 

CRUISE POWER 
AMI< YES YES AMBIENT -41JoC YES YES YES - YES YES @.> YES (2) 

I -· 

AlSO MEASURE IN THESE RUNS •BOOST PUMP POWER INPUT •PUMP CASE TEMPERATURE •VAPOR REMOVAl FlOW RATE • PUMP DISCHARGE PRESSURE • JET PUMP HOW RATE • JET PUMP DISCHARGE PRESSURE 



TABLE A-1. TEST MATRIX 

HI IN 

NO 
IISIIJISCIHI'IION 

HSI 

IIJ!l 
lYPf 

CONI ROllE 0/SIMUU\HO PARAMETERS 

SlOSH X. PIUS$. SKIN fUEl 
VIBRA (Al Tl HUMIDIf MPE R WITH 

lTV
liON TUDE) ATURE ORAI"'Al 

FUEL TEMPERATURE 

INTER·
START ENDMEDIATE 

THEA-

MAL 
PROFILE 

TANK 
PRESS. 

MEASUREMENTS 

GAUGE FUEL 
FUEl 

CAPAC I· REMOV.LEVEL 
TANCE RATE 

PHOTO-
GRAPHY REMARK 

SAMPLE 

ANALYSIS 

(NO. OF 

SAMPLES) 

411 OOOST f'UMII' 
DEAD HEAD 

AMK YES YES AMIIIENT -40oC YES YES YES - YES YES [t> YES (2) 

50 OOOST PUMIP 
JET f'UMII' 

AMK YES YU AiillliENT -40oC YU YES YES - YES YES [t> YES (1) 

51 OOOST PUMP 
MAXI-POWER 

AMK YES YES AMIIIEIIT ·20°C YES YES YES - YES YES [t> YES 12) 

52 OOOST f'UMII' 
CRUISE POWER 

AMK YES YES . AiillliEiiT .;woe YES YES YES - YES YES [t> YES (2) 

53 OOOST~ 

OEAO HEAD 
AMI< YES YES AMIIIENT ·21loC YES YES YES - YES YES [t> YES (2) 

54 OOOST~ 

JET POWER 
AMK YES YES AMIIIENT *20°C YES YES YES - YES YES [t> YES (1) 

:Po 
I 

\JI 
55 OOOST~ 

MAX IMUM !'OWER 
AMK - YES A!illliENT AMIIIENT - YES YES - YU YES [t> YES 12) 

56 OOOST I'UM!' 
CRUISE POWER 

AMI< - YES AMIIIENT AMIIIENT - YU YES - YES YES [t> YES (2) 

57 OOOST~ 

DEAD HEAD 
AMI< - YES AMIIIENT AMIIIENT - YES YES - YES YES [t> YES (2) 

58 OOOST~ 

JET~ 
AMI< - YU AiillliENT AMIIIENT - YES YES - YES YES [t> YES (1) 

I 
I 
I 

I t 
I 

) 
[t> AlllO MEAiUI'lE IN THESE RUNS •BOOST PUMP POWER INPUT • PUMP CASE TEMPERATURE 

•VAPOR REMOVAl HOW RATE •PUMP DISCHARGE PRESSURE •JET PUMP FlOW RATE •JET PUMP DISCHARGE PRESSURE 





rve 

is ion 
1 2 

enti c r 

ven 

B-1 



13. 

1 r rott1i lve 

15. - ne-Blending Unit 5 gpm, gpm FAA rnished 

16. 

17. CF6 Pressure. rt dge Filter 
( Furnished) 

18. ro l , No e Wa lter 
rnished) 
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APPENDIX C 
DETERMINATION OF WATER CONTENT OF 

ANTIMISTING KEROSENE 

water content of AMK fuel samples was determined using an 
cou1omet c titrator, the Aquatest IV. This instrument, manu 

1t Corporation of New York, N. , el ica11y 
quantity Karl scher reagent requi the titration. one 
co omb of electricity is equivalent to 186.53 mic rams water, 
necessity for standardized calibration is elimi 

to nature the AMK samp1 es approaches were used in 
i nit i a 1 stages to optimize the procedure. One approach used to reduce 

s i e e of AMK additives on the ectrodes was to a 
chloroform, to tne titration vessel to increase the sol volume. 
method tried was to use extra titration vessel solution. actual 
selected was to add extra titration s ution to the to 
solution more frequently than instruction manual 

conduct the tests, the Aquatest IV was ti oned as the 
ing instruction manual and then an aliquot of AMK 

tit ion vessel, through the septum, using a hypode 
scher reaction was complete, the number of coul 

translated into micrograms of water and this value displayed on 
gital readout as micrograms, ppm, or percent water as sel 

C-1 









NDIX D 

In ne Bl ng en<;e 

n ine blender, developed by the FAA, and several 
slu were provided to produce the test AMK u 

The unit, designed to meet explosion-proof speci ions, 
, 3 phase, amp power. During the initial setup blending 

i 
FAA provi
ally some 

an experienced engineer in Boeing test 
problems were experienced th the blender operation, 

in AMK ich contained less than desi and in ch some 
the polymer was observed as a result of poor mixing. These p 
resolved and subsequent blends (of the amount 6,000 gallons) were 
satisfactorily. Details of this experience are reported here since it was 
first attempt to use an in-line blender to produce quanti es AMK, 
such may give guidance to others working on AMK test programs. 

as 

The b 1 r was designed operate at two nomina1 
gpm, and required calibration of the urry pump 
of AMK ended. The actua 1 ending process between 
takes ace inside a nch diameter c xing 
inches ong mounted horizontally on the unit. 
contained wi the b1 r p ded t Jet A 

s pump was required for each run. 
(25 gpm) s a separate pressuri source (e 

ired. Prior to the blending startup, u 
homogenized. Ini ally this was ished by hand, 
hours t • Subsequently, s t me was reduced 
minu the use of a mechanical mixer ( uminum paddle 
d 11 motor) (figures D-1 and D-2). 

incuded o 
filter 

ion tests on samples taken prior to 
ce cup, filter ratio, FCTA, and solids content. The 

ratio tests were performed approximate1y 30 minutes one 

run 

r 
r b 1 ~g while the solids content and FCTA tests were rformed several 

bl ng. The solids content tests, performed in accordance 
ASTM 0381 procedures, are time consuming and sive. 
used to spot check the blending operations were not 

le. r the ini al blends the ce cup, lter 
ammabi1 i ty test resu1 were a11 thin the 1 imits estab1i shed 

However, the solids content of two samples (1 and 2) was substantially lower 
t expected, but because the Jet A pump was out of cali ion, 

scovered until r mechanical problems began to develop with 

Du ng the first series of test runs (Runs 34), the diaphragm pump u 
supply A to the blender failed twice, apparently due to a mal i 

ve in the discharge. A check this pump after the check valve was 
repai showed that the pump produced ow rates which were 15 hi 
in the 3 to 5 gpm range; in addition, the flow rate was not repeatable rom 
run to run. The problems with the FAA 1 s Jet A blender pump could not 
satisfactorily resolved within the time constraints of the test schedule a 

ng pump th a turbine flow meter in the discharge line was 
substi 

A A ow rate of 3 gpm was selected for blending since the itutE! pump 
wo d not produce good steady flow performance at higher ows. Hov1ever, 
despite very careful calibration of both the A pump and slurry pump, the 

D-1 
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test on a sample of o. 
r content Bits of 

were o tube 
ream of t bl into 

the simulator tank. • a 
ck te mass. was in the 

connecting t du wei tank to the test 
tank. test run was the to the p em; t s 

i te ria1 was removed and photogra 3). When the simulator 
tank was lled, it ear r ve minutes and the was 
resumed. next however, deposits of white 

the and drain outlet was 
th Ins 

slur 

ratted, resulti 
r it had a 

rent drain line to the 

tank, and interconnecti 
FAA ( 75 

tube and the s1ur 
ng tube was 

gures D-4 and D-5). It 
al was effective in 

tubi • the 
of which had 

and glass. and 

p ems e~xperi enced ng of the s 1 u a A base 
were att r i d t o a xi n g tube i g n an d t he 1ow b 1 

ow rate necessary itute Jet A static mixi 
ch gina 11 y came th the unit was • and a 1 a 

(7gpm) was obtained. FAA provi assistance in gi blender 
mixing tubes and in b 1 ending a t a l batch of AMK. Prior to b 1 end ng, the 
sl was strained through a fine re screen ( ndow screen) to remove 

arge chunks of slurry. is step may unnecessa , however. si nee 
xing thE~ slu at least 20 nutes using the mechanical mixer 

s provided a 11 Chunk- " source of s 1 u r b 1 ending 

Subsequent to blending the a trial h, the slu pump failed to pump. 
The pump stator, which is lined with a black rubber mate al. was fou to be 
worn beyond acceptable limits. A new stator was orde from the slurry pump 

D-4 



FIGURE D-3. RESIDUE FROM I~PROPERLY MIXED AMK 
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i n 11 e d i n the s 1 u purn p rer 's 
The pump was lled with sl a 

this con fi ration 
of the boost p 

water va r i 
' a Y ) . 
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	FIGURE 5. PREDICTED EXTREME LOW-TEMPERATURES, HELSINKI TO SEATTLE POLAR ROUTE 
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	The t eoff point in eact1 city pair was based on the 1 ower ure t ether airport. New York and Helsinki were chosen on the basis of 1ov<est monthly mean ground tellljJeratures (table 4). ' 
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	For purposes of heat transfer ca 1cul at ions, ambient temperatures a1ong the routes were converted to recovery temperatures using the usual relationsh 
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	In ure/dynamic tests, Helsinki-ight was cont lin tank skin ures~ sl a vib ion, the rawal rate. tank ressure a1tit was not simulated in this calcu1 skin temperature ( re 9) was programmed into test tank temperature controller rior to test; temperature was next dropped to -looc, a r t f1i simu1aton was begun. Six runs were rformed in this test se 1 o 3 using Jet A for establishing ne condit·ions ( ) runs b to 7 using AMK. 
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	samples, it was necessary to prevent introducing extraneous amounts of moisture into the sample. This was accomplished by using a transpar~:.:nt, flexible tube, l-inch diameter and approximately 6ft long, connected to the drain line at the bottom of the simulator tank with two ball-valves (figure 12). During the test, both valves were closed th end B elevated above the top ot the tank, as shown. When a sample was to be collected, valve A was opened first. The pour spout (end B) was inserted into a 2 gallon 
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	and no fue 1 freezing was observed in the tests. Measured temperature dist butions in the tank are plotted as a function of time in figure 14a and 14b. These profi 1es (genera~ ly the same for Jet A and AMK) have the same shape as those predicted and are generally thin of the predicted values at the same times. 
	Comparison of the bulk fuel cooldown rate with AMK and Jet A (figure 15) shows no major differences in the therma 1 response between the two fue 1 s. Hmvever. some interesting observations during the AMK low temperature dynamic tests are: 
	o At ambient ten;;oerature, AMK in the test tank is clear (same as Jet A). However, the AMK fuel generally remained clear even at -40°C, in contrast to the typical dark yellow (opaque) appearance of Jet A at this temperature. 
	0 
	-

	s 
	'
	01\
	-1 
	-
	-


	\\ 
	\\ 
	i 

	-15 BULK
	TEMPER TURE h_
	'~ 

	w -20 
	(!:) 
	w vPREDIC TED 
	a 
	"' 
	~ 
	/ ~ 
	/

	~ -25 -
	-

	::::> 
	;EXPER MENT
	1
	-

	~ 
	<::!: 
	QC 
	~t:--, I
	w 
	~
	j 

	~ -30 SKIN 
	w 

	TEMPER I 

	TU~ 
	TU~ 
	1\_ 
	~

	-35 
	1-
	~ r 

	"'--
	"'--
	' 
	v

	-40 
	~ 

	'-L---' 
	'-...::7 
	~ 
	EXPE RII'!ENT
	-45 
	-50 
	0 i 6 8 . 10 TIME lHOURSJ 
	FIGURE 13. COMPARISON OF EXPERIMENTAL AND PREDICTED TEMPERATURES, JET A 
	18 
	1.0 . 9 • 8 . 7 .6
	-

	>< 
	0: 
	~ 
	~ 
	I 
	= .s 
	LW 
	:c 
	'--p ( I 
	>-

	::: • 4 t--+---+---++t--+------t+--+--+---+-+---+--1-/--r-----------+--· ---
	-

	w 
	:r: . 3 
	HOURS 
	0• 0 <C)
	1• 0 ['] 
	I! I I II I 
	.2 
	....

	2• 0 
	!"
	g 
	-

	.J 3• 0 N 
	4• 0 A 00 
	5 • 0 [9 
	6.1 
	17 
	0. 0 
	I
	-so -40 -30 -; 0 l 0 0 10 
	FUEL TEMPERATURE IDEG Cl 
	(lll) Takeoff to 6 In 
	• 0 v 
	~~ 
	r-
	~
	-


	. 9 
	. 8 
	\
	. 7 
	I 
	X . 6 f---t---
	\ 

	<I 
	:c: 
	11 
	II

	. s 
	b u 
	• 4 -1-----t----
	-

	I 
	I 
	. 3 
	. 2 HOURS 0 
	1 6.t <c:> N 
	1 
	If 

	7 . l ['] 00 
	9 10. 0 = ~ 
	8:l $ ~
	8:l $ ~
	~J ~ J 
	t 

	00
	0. ~I 
	--· -30 
	-20
	TEMPERATURE IDEG Cl (b)Sto 101u 
	FIGURE 14. MEASURED TEMPERATURE PROFILES, JET A 
	19 
	10 
	5 
	0 -5 
	~ 
	-10 
	vJEH~ 
	u 



	/
	/
	I~ 

	-15
	C) 
	I.I.J \
	c 
	f/ AMI< 
	~

	1.1..1 
	at: 
	-20 

	.'\
	::) 
	1
	-

	« 
	at: 
	_w______ 
	UJ 
	-25 ---r---------·---
	~ 
	-

	ll.. 
	~::: 

	:c 
	"" 
	~ 

	I..AJ 1
	-

	A,\\
	A,\\
	-30 
	)-"---' 
	)-"---' 
	"' 

	~
	-35 ··
	£ 
	-

	~ p 
	-r---""" 
	--40 --· -45 
	l 2 6 a 




	h1 
	h1 
	! 

	I
	TIM£ IHOURSJ 
	FIGURE 
	FIGURE 
	FIGURE 
	15. 
	COMPARISON OF 
	EXPERIMENTAL 
	BULK TEMPERATURES, 

	TR
	JET A AND 
	AMK 

	TR
	20 


	0 
	tank wa 11 s or run when nuously imate1 15 
	as 
	were performed to and airframe dynamics on igned to s ate rience a n 
	2. 1 scri Test 
	was over the extreme skin 
	five ve cycles without le. cal le is shown in 17. rti ng from ambient 
	ure dynamic tests. These wou d probably never be encountered 
	1 was subj to tests. si nee at -60°C the thermal les were on 
	Observations du ng these tests are summa lows: 
	o k 1 ure i ndi by t 10 em from the bottom skin) below t cloudy although visibili in the tank was still rst frozen fuel accumulations were and top skins of the tank. accumulations up at approximately 0.15 inch/min at bottom, and a lesser the top skin. When slosh was initiated, the slurry was 
	-

	to t tank dynamics. is re stopped as became der. and arou -46oc. the as a the completion the 3-hour d s 
	the b k temperature was -48oc red frozen id. 
	o ng the ing le, t formation of "st was obse as bulk fue 1 temperature temperature range from -23°C to -4°C. The 
	FIGURE 16. GEL FORMATIONS OBSERVED DURING BOOST PUMP OPERATION IN SIMULATOR TANK 
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	TIME UNITS) 
	FIGURE 17. THERMAL CYCLE PROFILE USED IN ENVIRONMENTAL TESTS 
	a near the top interface. As the temperature increased, t st ngs inc in n r and deta from the top of the tank due to convective motion were aistributed throughout the At ut -4oc the st n disappeared. i"lotion pictures 
	t phenomena (whi were obse du ng all five cycles) clea y show strings. However, the st ngs did not show up ·in sti 11 photographs t du ng these tests probably because their tran rent nature. 
	o 
	o 
	o 
	In the 2nd cycl • the fuel color was slightly darker (yell ro1tm color) at the low temperatures, but freezing phenomenon was about the same as before. At ambient temperature t fue1 retu to the co1or of normal Jet A. 

	o 
	o 
	In the 3rd, 4th, and 5th cycles, the fuel was much darker at low temperatures and freezing could no longer be observed clearly. Again, at ambient temperature the fuel color appeared normal (same as Jet A). 

	o 
	o 
	Visual inspection ot the fuel tank after the tank was drainea showed 
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	no deposits on the interior surfaces. 
	2.4.2 Results 
	2.4.2 Results 
	Results of the AMK samples taken from the drain line at the bottom of the simulator tank during the tests are reported in table 5. The data show a tenden for the ori ti ce cup flow rate to increase and the fi ter ratio to decrease with ted eye 1i ng, however, the repeatabi 1ity of tlli s trend was not demonstrat the FCTA tests showed that the fuel retained its tlammabili protection during all cycles. 
	TABLE 5. SUMMARY OF AMK CHARACTERISTICS, RUNS 8-12. 
	Water 
	Water 
	Water 

	Viscosity(cs) 
	Viscosity(cs) 

	Pre-
	Pre-
	Post-

	No. 
	No. 
	Run 
	n 
	Run 
	Run 


	8 erma Cycle 1 2.6,2.6 2.5.2.6 90.9 64.3 3.47 3.45 43 75 9 Thermal le 2 2.9,2.8 56.9 3.43 76 10 ermal le 3 2.6,2.7 57.3 3.42 69 11 rmal Cycle 4 2.7,2.7 46.7 3.39 73 12 ermal 1e 5 3.0,3.0 40.5 3.39 82 
	Baseline 81.6,77.6, 
	(as 78.7 Distilled Water 8.8,8.8 Jet A 8.2,8.2 
	* i ce c results are reported in units of milliliters of fu which ow through the orifice in 30 seconds. 
	2.5 
	The interaction of water vapor and 111ater droplets th cold AMK is a major concern in the development of a successsful antimisting fuel. Previous research on water reactions th AMK had shown that precipitates formed ~vhen water vapo came into contact with cold AMK (reference 3 and 14). In t11ese studies. the amount of water ingested into the tank represents an extreme case and v1as much greater than the amount expected to be ingested into the fu tanks during most flights. 
	Tne o ectives of the water/water vapor tests were to determine: if airborne water introduced into the fuel tank ullage through the vent system during descent through a region of extreme high humidity (rai nstor,n) combined with slosh and vibration would subsequently condense and rea th the antimistiny a and to evaluate the effect of water and airplane motion on the a sting p ies of the fuel. 
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	2.5.1 Analysis of Water Vapor Ingestion During Worst Case Conditions 
	2.5.1 Analysis of Water Vapor Ingestion During Worst Case Conditions 
	most realistic simulation would be obtained with a vent system that added air at the worst case pressure, temperature and humidity conditions which would be found in a descent through a rainstorm. Simulations of the several varia es simultaneously have been found to be extremely difficult to control accurately in simulations. Therefore, some simplifications were considered necessary. 
	The worst case situation is considered to be an airplane descending from cruise altitude 12,000 m (40,000 ) to sea level through clouds th 
	n, such as might be encountered in a tropical or sub-tropical warm front. To a chi eve a pressure ba1anee on the tank during descent, atmosphe c r containing water vapor and water droplets flows rough the fuel tank 
	• nee the vent entrance either faces down or aft, 1 r li 
	roplets are not likely to be ingested$ and 100 percent humi r plus ne suspended droplets is a likely worst case for vent system water ingestion. However, it is not c1 ear what happens to the water as t s a r 
	rough the vent system and enters the tank ullage. temperature, 
	el • tank shape, k wall temperatures, and the vent system desi are all variables· which ght lead to condensation forming in vent lines as well as in the fuel tank ullage. With cold structure 
	d fue 1 in the tank. water would be expected to condense ( freeze) on all cold surfaces. 
	mass of water ingested into the tank du ng time of cent is 
	( 2) 
	dt 
	with some manipulation, the integral can converted to one over al 
	0 
	mw = I ~__._,..._.,.._._ d h • (3) 000' 
	m = mass flow rate of air into ullage p =air densi w = water density 
	h = descent rate dh = altitude 
	sumi that the ullage volume remains constant (very low fuel-ow r<~te) ring descent and that the perfect gas law applies, ation (3) can transformed into the lowing form: 
	dT) dh
	m = 1 ~ c (h) • (+ *-
	(4) 

	w R4o,ooo• 
	dh ' 

	where, V = ullage ume c(h) = concentration of water at ght h (vapor + fine mist) 
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	Test Procedure (Runs 4, 13-16). 
	The tests were later in the 4, was the this evacuat si ate con tion at end of descent pressure p 1e is tank vacuum p was turned 
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	FIGURE 18. WATER VAPOR INGESTION PRESSURE SCHEDULE 
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	FIGURE 19. WATER EVAPORATOR APPARATUS 
	At the completion of the simulated descent. "ti1e tank was topped off with h test AMK fuel and the flight profile repeated. Tne flight profile test sequence/ was repeated four times. The water content of the fuel was determin~d for the fresh test fu , for the tank fu after each f1 iyht run, 
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	FIGURE 20. WATER VAPOR INGESTION TEST SETUP 
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	ion to drain the tank to the the water-AMK reactions on this the contained ga 11 ons was t of th fresh -4°C; this t into 
	A re ictures (64 frames tests ty p ngs indicated that a11 the t tank in the vapor phase. r the first ingestion was and found to be compl 1y dry, rming is 
	After the second water ingestion cycle the fuel became cloudy, presumably 
	se 
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	ia1 solids content tests (0381) effort to gain insight into the following results: 
	ia1 solids content tests (0381) effort to gain insight into the following results: 
	were performed cause the 
	tl1e 


	Sample Initial batch (base) AMK Sample 2 Post-test, Cycle 1 0.280% wt Sample 3 Post-test, Cycle 2 0.284% wt 
	These results indicate that the solids content remained essentially constant during the water ingestion test cycles and were not the cause of pl n of the filter ratio screen. Subsequently, water analysis tests showed that replenishment ·AMK used for these tests contained relatively high (1 amounts of water as received, and was not typical. It is now ieved the plugging problem arose because of mi ng cold AMK and warm AMK th a high water content. 
	Because the high water content in the base AMK fuel tended to mask the 
	the relatively small amount of ingested water, all four les were repeated with in-line blended fuel (see Section 3.1). An FAA t engine1er was present du ng these repeat tests and t lter ratio test results wBre normal. Visual observations (including ion pictures) t process were the same as those reported above. i.e., there were 
	rse fuel/water reactions. Water content measurements pert samples thdrawn from the tank are given in table 6. The results s the amount of water which might accumulate in the tu du descents through water saturated clouds had no delete ous in the tank. 
	TABLE 6. RESULTS OF WATER 
	TABLE 6. RESULTS OF WATER 
	TABLE 6. RESULTS OF WATER 
	VAPOR INGESTION TEST SAMPLE ANALYSIS 

	(I 
	(I 
	INE 
	BLENDED AMK)* 

	TR
	scos 


	1 Fresh AMK 66 3 51 2 Post-water vapor ingestion 1st cycle 108 3 Post eling 1st cycle 97 3.93 4 Post-vapor ingestion 2nd cycle 127 4. 5 Post-refueling 2nd cycle 128 4 13 6 Post-vapor ingestion 3rd cycle 112 3.Sll 7 Post-refueling 3rd cycle 118 3.97 8 Post-water vapor ingestion 4th cycle 1 4 9 Post-refueling 4th cycle 191 4. 
	* Water content of the Jet A used to prepare the AMK was measu in p (appendix C) 
	3. COMPONENT PERFORMANCE WI F 
	pu e of the in modern transport ai temperatures~ and to determine a changes of t antimisting test tanc1e suction feed, pump, and jet pump were run at mean fuel t the t ight ambient, -2(PC. were run with Jet A to estab1ish base1i ne performance. e test l u in tests was freshly blended prior to ea run using t FAA provided in-line ender (figure 21). 
	In each component test with freshly blended AMK was transferred from an intermediate weigh tank by gravity to t simulator tank. After the was fu11. a two-gallon fuel sample taken from the simulator was c racterized th 
	cup and Iter ratio tests prior to ginning test run. 
	only if the results of the filter ratio ce tests were limits presc bed by t h lter ratio of 4b or higher and o tice cup ow rates n to 3.0 /30 sec). If the results of the characte zation s were not satis , either t FCTA or s i d content tests ired before the main test could pe rmed. all t zation tests i cated unsatis ry quali of AMK, that discarded and fresh AMK prepared. At the end of each test run, a 1 rema1 n1 in tile sim ator tank was drain t the next run cou.!d start th a t· supp1y of in-1 i ne blended 
	3. 1 
	The capacitance gauging ire a number of tank units di st 1 quantities at is typically made t plate of a indrical tor t dielect c constant of jet fuel is the tank unit is directly compensator unit may installed at fully immersed in el correct dielect c constant. In an actual ai calibration curve s ces because are accounted r t r units, or a newer systems. 
	Capacitance gaging tests on a typical airplane u with the low temperature simulation tests, runs 1 to 7. were rformed th ambient and -40°C Jet A and AMK test ls. 
	3.1.1 Cali ion Procedure 
	3.1.1 Cali ion Procedure 
	itial calibration of the capa tance unit was pert b.Y filling the simulator tank in(;rr:menta11y with ntities A 1 at ambient temperature and t inc emptying t tank to c repeata li ght l measu th a g scale was 
	30 
	31 
	slu from gh tank 
	es 1 to 9 were mi th a 5 GPM Jet A on the blender es to were xed wi an air i ven A pump at 2. 5 to 8 es to th an air driven Jet A pump at 8 gpm 
	32 
	recuraed for each fueling increment. From these data a h volume bas calibration curve for the tank could be established. Care was t ambient temperature tests to obtain calibration curves the A antimisting fuels t same temperature. r low temperature tests at -20°C and , the calibration was con by filling t 
	th , cooling the fuel to the app ate 1k temperature, and ining t fu in app mately the same volume increments as t ent temperature ca1i 
	Antimisting was tested usi t same calibration procedures at temperatures and the gauge pe nee was with that th Jet A 


	1.2 Results 
	1.2 Results 
	The tance gauge functioned normally, i.e. si lar to Jet A, th fuel at all temperatures AMK data are presented in e 8. 
	data show that the capacitance va ed 1i nea 
	wi in a narrow band of uncertai • Tests performed th , a -40°C AMK indicate that a capacitance gauge designed may used to accurately rmi ne the AMK 1 1eve 1 in an 
	tank over the -40°C to ambient temperature range thout recali ion. These (as well as Jet A data) are pl in least s res fit a11 the data is shown as the solid line, w 
	ations are 3 percent. 
	3.2 
	During ai per rmance flight tests, engine suction demonst at airplane service ceiling to prove stem can supply the engine in t event a 
	emergency conditions, adequate flow must be rna i airplane fuel system u r the air pressure and ravity engine-d ven pump, the engine d ven pump must be le to 
	inlet pressure condi on. Fuel owabili is impeded in viscosity at low 1 tempe res and with low 1 high alti s can create a condition 
	line. engine line length 
	de-body transport ai ane (figure 23) were u 1ine resi nee t 1 tank to an actual P feed pump driven by a 35 HP Va drive ( gure ) • Jet A rformance to evaluate the of the tested at three di rent temperatures (ambi , three simul alti (30,000, 35,000 and ,000 ft). 
	3.2.1 JT-90 Engine Pump 
	3.2.1 JT-90 Engine Pump 
	Tne JT engine pump is a two-stage pump (cent fugal first sta , r pump second stage) which is designed to develop a mately 1100 id, 72 gpm and 6000 rpm. The centrifugal stage employs an inducer ahead main impeller. The inducer, by virtue of its design, can ope is ily a considerable amount of vapor phase present on the suction surface of ades. Du ng suction feed tests the pump speed was reduced from the 
	TABLE 8. FU DI 
	re Re No. tance 
	) 
	AMK • 1 1 0 19.2 2 61. .3 3 6 .3 4 63.25 26.1 5 64.25 • 0 6 28.5 7 • 2 8 .1 9 31.4 10 .5 11 0 34.9 13 .2 
	-19.5 1 .9 2 4 3 1 4 4 5 .0 6 9 7 8 
	-36.9 1 2 3 4 5 
	2 1 21.9 2 7 3 .3 4 26.5 5 .8 6 8 7 .9 8 7 .3 7 36.4 13 72. 35.9 
	71.75 • b 71. 7 70. 34.0 
	17 4 
	TABLE 8. (CONTINUED) GAUGING DATA FOR FU UI NT TEMPERATURES 
	rature 
	) A .2 
	A 
	A 
	A 
	1.7 

	A 
	A 

	A 
	A 
	• 7 

	A 
	A 
	-33.9 


	Record No. 
	19 20 21 
	23 
	24 
	26 
	1 2 3 4 5 6 7 8 
	11 
	12 13 14 15 
	1 
	2 
	3 4 5 6 7 8 
	12 13 14 15 16 17 18 19 20 21 
	Fuel Height itance (in) (pF) 
	69. .6 68. 32.2 68. 31.9 68. .4 66.31 .5 •50 27.3 62.69 25.2 23.2 
	60.00 21.9 61. 1 61.94 9 63.88 4 65.69 28.6 67. 30.8 69.50 32.7 71. 34.8 
	8 
	.9 63.13 0 61. 24.0 59.38 21.8 
	N.A • 21.3 60. 8 61.81 24.7 64.00 27.6 65.81 29.2 67.81 30.7 69.75 33.4 71. 35.0 
	7 36.6 71.44 7 70. 34.7 69.88 33.3 69.00 32.4 68.00 31.8 66.25 30.2 64.31 • 5 62.25 24.9 60.31 23.2 
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	FIGURE 22. CAPACITANCE GAUGE CALIBRATION DATA 
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	FIGURE 23. B 767 AIRPLANE FUEL FEED SYSTEM -LEFT WING 
	FIGURE 23. B 767 AIRPLANE FUEL FEED SYSTEM -LEFT WING 
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	FIGURE 25. JT-9D ENGINE DRIVEN PUMP INTERSTAGE FILTER 39 
	designs to model the cruise tlow condition approxin1,ately 1 :20 ypm. A 40-micron r cartrid fi ter (effective area 100 inL). shown in tiyure 25 is incorporated between the centrifugal and gear stages; this ti1ter has a ss valve ich normally opens at a pressure of 8 to 9 psid. This interst filter provides protection against particulate and from ice stals at 1 ratures ow freezing. Periodically a fuel deicing 
	heater is activated clears ice rticles from the filter. 
	3.2.2 ion -Up 
	ated 8767 suction line (figure 26) models the length, the gross 
	• and inside line diameters of the airplane suction feed ne was insulat to reduce heat transfer effects while pum ngA s inlet to the suction line was located inside tank to t boost pump inlet. A tran rent st g 
	locatec! i ately u ream the engine dr ven feed pump ion for ssible two se ow into the pump. 
	2-in GLOM VALVE 2-in TUIII\IG 
	TO ENGINE FIEEO UNE 
	FIGURE 26. TEST CONFIGURATION FOR SUCTION FEED PERFORMANCE 
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	It was found during preliminary operational tests that the suction feed l·ine required priming before the engine driven pump could operate satisfactorilly. This step was accomplished by filling suction feed line with the boost pump just prior to turning on the engine feed pump. After the desired o~<~ and discharge pressure of the engine pump had been established, the boost pump loss of boost pump condition. The success or failure of the test was determined by the measured flow rate discharge 
	was switched off, simulating the 
	11 
	11 

	sure of the JT -90 engine driven pump. Adjustments to the engine driven pump were made with ambient temperature Jet A, using re-ci rcu1 a ted fue 1 to extend the test duration. The pump bypass and flow control valves were adjusted manually until a pressure of approxima~ely 180 psiy was eved at a flow rate 20 gpm. The fuel level in the simulator tank was close monitored during the test and the time of suction feed failure was recorded. When the tank was empty or when the suetion feed failed, the engine pump 

	3.2.4 RESULTS 
	3.2.4 RESULTS 
	The important variable in these tests was the pump flow rate, ch will 1 s rply if the inlet total pressure to the pump falls below a c tical value. The suction feed results are summarized in table 9. Success (S) implies 
	TABLE 9. SUCTION FEED PERFORMANCE TEST RESULTS 
	Simulated Altitude ( Fuel Temperature oc 30,000 ,000 40, 
	Jet A Ambient s s s -20 s s s -40 M F F 
	AMK Ambient M M F 
	-20 s F F 
	-40 s M M 
	S = Success, 20-30 gpm, 100-180 psi discharge pressure 
	M= Marginal, 5-10 gpm, < 100 psi discha pressure 
	F =Failure,< 1 gpm, < 10 psi discharge pressure 
	a flow rate adequate to maintain cruise power; marginal (M) implies a ow rate at whi the engine would lose power, but continue operating; and lure a flow rate at which the engine would probably flameout. results 
	cate that suction feed performance with -40°C Jet A would be 
	a use of viscosity effects; for Jet A, viscosity increases roughly 
	rcent when the fue 1 temperature is reduced from 0°C to -40°C. With AMK, suction feed performance was poor with ambient and -20°C fuel but improved at -4ooc where it was better than Jet A. The FM-9"' antimisting additive apparently enhances the f1 owabi 1ity of AMK at the very 1ow temperatures. 
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	FIGURE 28. EXPLODED VIEW OF BOOST PUMP 
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	TABLE 10. STEADY FLOW BOOST PUMP PERFORMANCE 
	13.P. B. p. Develor 1~or 
	Discharge Flow Input Fluid Removal Overa11 Run T Pressure kate Power Pov;er Flow No. Description (OC) {psig) (gpm) (hp) (hp) (lb/min) (%) 
	35 Max Power AMI3 10.0 40.0 2.09 0.233 6.1 11.1 36 Cruise Power AMB 17.3 15.0 2. 06 0.140 12.8 7.3 37 d Head AMB 20.0 0.0 09 21.0 39 Max Power -20 11.1 40.0 2. 0.2b9 7.'cl 11.7 40 Cruise Power -20 19.0 12.9 2. 0.143 12.9 6.6 41 Dead Head -20 22.0 0.0 2. 19.3 
	Max power -40 9.0 40.0 2.35 210 6.3 8.9 44 Cruise Power -40 19.5 15.0 2.24 o. 1 13.0 7.6 Dead Head -40 23.5 2. 16.3 
	AMK 
	Max Power -40 12.0 0 0. 6.0 11.1 49 ise Power -40 .2 .o 0.18 .2 7.2 50 Head 24.0 0.0 16.9 52 d 21.0 0 19.2 53 ise Power -20 22.1 18.0 0.23 11.9 9.0 
	x Power -20 8.0 .6 21.1 56 Head AMB 4 21.1 ise Power AMB 1 6 15 12.4 1 59 Max Power 9.9 32 4.1 7.1 
	E 11. COMPARI OF J A AND REQUI 
	Run No. Temperature ( r ( % 
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	FIGURE 29. BOOST PUMP DISCHARGE PRESSURE VS. FLOW RATE PERFORMANCE 
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	Fresh AMK. -4uoc Tests 
	2.5 Days After Blend 47 -4ooc Max Power 
	Boost Pump Discharge 47* Vapor Removal 48 -400C Cause Power Boost Pump Discnarge 48* Vapor Removal 49 -4ooc Dead Head Boost Pump Discharge 49* par Removal 
	Fresh AMK, -2ooc Tests 45 Min After Blend 51 -20°C Max Power Boost Pump Discharge Vapor Removal
	* 
	52 -zooc Cruise Power Boost Pump Discharge 52* Vapor Removal 53 -2ooc Dead Head Boost Pump Discharge por Removal Fresh AMK Ambient 50 Min After Blend 55 Ambient Max Power Boost Pump Discharge 55* Vapor Removal 56 Ambient Cruise Power Boost Pump Discharge 
	Vapor Removal Ambient Dead Head Boost Pump Discharge 
	57* Vapor Removal 
	*Same run conditions except sample taken from 
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	ai anes where jet pump is tran 
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	be a much more serious concern. y to i 1ure 
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	Jet conveniently p otti ng entrainment ratio, 
	N = ( ¢ = Qi Pd = di pressure Pi = suction pressurePm = motive flow pressure Qi = i ow Qm = motive 
	Jet effici is as 
	n = 100 (¢)(N). 
	e ign Jet A performa~ce curve ( in gure 31. dashed 1·ine is t -40°C. motive ow t ej 
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	where pressure ow rate are in units psi hr. y. 
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	motive gpm 

	o 
	o 
	motive ig 

	o 
	o 
	suction 0 ci 


	3.4.2 st P re 
	i 
	lines as in environmental t same t 
	0.28 .....----------------------------, 
	legend: 
	t:.. Test 2 February 1973, Jet A; SG = 0.803; PM= 16 
	® Test 6 April 1978, standard solv; SG = 767; PM= 10 
	0.24 WM ~ 59JSG.y'PMTi 
	\ 
	0.20 \ 
	z 
	0 i= 
	<( 
	a:: 
	w 0.15 u 
	z 
	w 
	a:: 
	w 
	1.1.. 1.1.. 
	Q 
	0.12
	w 

	a:: 
	:=l 
	).. 
	' 
	' 

	~ 
	a:: 
	w 
	'\ 

	0.. 
	'\ 
	\ 
	0.08 \ \ 
	ESTIMATED FOR JET A \ • AT -40 °F FOR 
	\ 
	PM -PI = 20 lb/in2d; 
	SG = 0.850; •
	\ 

	0.04 
	v = 10 CSTKS; WM ~ 210PPH m
	,.... 
	N 
	cb 
	~ 
	co
	0.00 0.0 1.0 2.0 3.0 4.0 5.0 
	FLOW RATIO,() 
	FIGURE 31. DESIGN PERFORMANCE DATA, WATER SCAVENGE JET PUMP 
	X 31X 40 DEEP 11EIT TANK INSULATIED 1FQAM INSULATION 
	11 
	11 
	lllliTUA.
	11 

	\JI N 
	61E101 JET P'UW ·ALlEN AtftCRAFT PRODUCTS 8747 WATER SCAVENGE PUMP 
	.0696 iN. DiA. ORIFICE MOTIVE ftOW BRANCH 
	COOUNG COil iNSIDE TEST TANK 
	FIGURE 32. JET PUMP TEST SETUP 
	The orifice (0.0595 inch diameter) installed in the jet pump motive flow line was also used to measure the motive flow rate. Orifice calibrations were pe armed at ambient temperature with Jet A and AMK with the induced flow ca The calculated orifice Reynolds number for these runs was l.lx Tne following calibr ion equation was used to compute the motive flow, 
	Om ~ C p (6) 
	where, Om = motive flow (gpm) Lip 
	P1 -Pm 
	boost pump discharge pressure
	Pl 
	~ jet pump motive pressure
	Pm = 0.08633 Jet A = 0.08192 AMK 
	c 
	c 

	e dis rge coe ici , C, is a nction Reynolds number and is nearly constant for Re > • At 1ow temperatures the Reyno1ds number 11 decrease cause of the higher viscosity, t ore the values C l1 be sli ly higher. At -40°C, values of C will app mately 4 hi r t n those reported above. is correction was not 
	values of Qn. 
	3 Results 
	e jet pump performance and el c racterization results are in les 13 and 14, respecti y. The results the fall ng: 
	0 Jet A res ts at ambient a wi t ign values. 
	0 AMK was su ntia1ly lower that A at ent and -20°C AMK. 
	0 -4ooc the formance with AMK was y the same as t for Jet A at same temperature. 
	0 1ittle apparent degrading at 
	0 e oci head is ite sma11 in a11 cases. 
	le dropped below t upper leg of the jet pump inlet a in flow rate was observed pumping A (a1l ree ures). However, under similiar conditions th t reduction ow was very pronounced. It was not si e to measure ges in ow rate due to t short test time. At both 20°C -40°c small 
	amounts of ge 1 ( st ) were obs at t jet pump dis 
	4. PUMP ENOURANCE 
	e component test times in the SO-llon c d fu simulator were of relatively s rt duration because of' the small tank capacity with to the size the boost pump. A smaller boost pump could been to 
	simulator tank for longer run times. but since this to 
	53 
	TABLE 13. JET PUMP PERFORMANCE RESULTS, BOOST PUMP FLOW = 15.0 + 1.5 GPM. 
	Run Test T v N 
	No. Fuel (OC) g) g) ( gpm) gpm) g) ( 
	Om 
	Jet A 13.0 19.4 5.66 0.32 o.oo 0.32 1.0 0.0005 
	AMK 16.4 20.4 4.15 0.32 o.oo 0.32 1.0 o.oos 
	46 Jet A 13.0 19.3 6.51 0.31 0.61 0.49 0.92 2.8 0.04 0.53 8.86 1.96 17.4 58 AMK 16.4 20.8 S.21 0.32 0.31 0.38 0.63 1.9 0.02 0.40 8.32 1[).§17 8.1 
	/ 

	42 Jet A -20.9 21.1 ].84 0.32 0.49 0.49 0.81 2.5 o.o3 0.52 7.10 1.53 10.9 54 AMK -20.5 22.1 6.90 0.32 o.oo 0.63 0.32 1.0 o.oos 0.64 10.2 0 0 
	38 Jet A -40.8 22.4 8.42 0.32 0.37 0.55 o.n 2.1 o.oz 0.51 7.26 l.Ui 8.4 50 AMK -40.9 23.2 8.70 0.31 0.34 0.54 0.65 2.0 0.02 0.56 6.88 1.09 1.5 
	*Based on 3/8" exit i .d. 
	TAB AMK I ION RESULTS, 
	Run 
	No. itionsio 
	* 

	AMK RUN #380 2.8, 8 .o 
	58 AMB, J.P. Discha -20°C RUN 2.5, 2.4 BBL #374 Pre-Test 2.7, 2.6 7 0 
	54 -20°C, J.P. Discharge AMK RUN 4, 2.3 .9 BBL #354 2.3, 2.3 7 
	-40°C s 2, 2.1 88.6 
	*orifice c No. , No. 17 Her ratio ratus Ser. No. 3 
	tests th was conside 1on term an effects on 
	adequatelendurance s were 
	the main emphasis of t tests was the test li a simul over 1ong 
	mulator 
	A fuel system ons of a ( re 33) was i as following ures: 
	o 
	o 
	o 
	full-scale geometry o 8747 production 

	o 
	o 
	simulation of 

	o 
	o 
	fuel supply su cient 

	o 
	o 
	temperature control maintaini during test runs 

	o 
	o 
	an imental degrader 

	o 
	o 
	a engine d ven 

	o 
	o 
	a 50 engine low pressure cart engine interstage filter and a wash ow 
	' a J 


	o 
	o 
	1 ing lity at fuel source, up ream and downstream deg r, and at the 

	o 
	o 
	acquisition system magnetic ration capa 1ity 


	A 2800 gallon, epoxy lined storage tank ( Irk low temperature environmental chamber· in a recta ular housing at the bottom of 1i ne (figure 35) between t pump i ve of a B747 fuel system) was located outside of is thermal y insulated to maintain adia ic ow from t rade1:-. With ion of t measurements, 
	similar to and 1). 
	r consumption and fuel 1i tests were th a 1 nal ow rate·in t 1 ng sequence: 
	o 
	o 
	o 
	Jet A (ambient) ine 

	o 
	o 
	Jet A (-20°C) 

	o 
	o 
	J A ( -40°C) 

	o 
	o 
	AMK (ambient), ranee (2 hours) 

	o 
	o 
	AMK (-20°C), endurance (2 hours) 

	o 
	o 
	AMK (-40°C). endurance (2 hours) 
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	SAMPLE 
	21NCH LINE 
	When the fuel sample is to be obtained, take the following steps: At the nningall valves are osed. 
	1. Open V-3 2. Open V-1 
	The test fuel will flow through the sample fuel reservoir, flushing it discharging into a waste tank through V-3. All throttling will·occur a V the fuel within the reservoir remaining unaffected. 
	3. 
	3. 
	3. 
	After about one minute of flushing. close V-1 and open V-2. Collect the discharge from V-3 in a 2 gallon AMK container. Use V-4 to control the flow rate. 

	4. 
	4. 
	Close V-2 and open V-1. This will allow the sample reservoir to be ref1l led. 

	5. 
	5. 
	Repeat steps 2 through 4 until the 2 gallon sample is obtained. 6. Close valves (1), {2), and (3). 


	FIGURE 36. AMK ON LINE SAMPLING PROCEDURE (STATIONS 82 AND 83) 
	TABLE 15. AMK SAMPLE RESULTS, BOOST PUMP ENDURANCE TESTS 
	Serial Orifice Cup Jml/30sec} 
	02-01-84 51, from supply tank after Pass (all points) 1.8, 1.7 blending 4 batches,Prior to AMB Temp. Test, Run No. 6 
	02-13-84 Slfl/*Supply Tank Pass fan points} 1.8, 1.8 
	Sl 2) Pass all points 1.9, 1.9 52(1) Upstream of degrader Pass ~al1 points) 4.6, 4.5 
	52(2) Pass 4-points), 4.6, 4.5 Fail (2-Points} 
	S3(1) Downstream of degrader Fail (all points) 6.8, 6.9 
	53( 2) Fail (all points) 6.8, 6.7 S4(1) Collection tank Fail (all points) 6.0, 5.9 
	54(2) Fail (all points) 6.2, 6.3 
	2 02-10-84 Sl, from supp'!y tank after Pass all points 2.0, 2.0 blending 4-batches, prior to -2ooc Test Run No. 7 
	02-16-84 Sl(l)+ Supply Tank Pass all nts 2.0, 1.9 Sl(2)+ Pass all points 1.8, 1.8 S2( 1( Upstream of degrader Pass a1l points 2.2, 2.3 
	s2(2,+ , Pass a11 points 2.8, 2.7 53(1)+ Dowristream of degrader Pass all points 6.0, 6.1 
	Downstream of degrader Fail all nts 6.8, 6.9 
	2 02-16-84 S4(1)+ Collection tank, rear camp. Fail (all nts) 5.2, 5.3 S4(2) Fail (all nts) 6.7, 6.6 
	S4( Col on tank, center comp. Fail 7.2, 7.2 S4( Fail 6.2, 6.3 S4( Fail 7.0, 7.1 
	3 02-15-84 Sl (blended 2-14-84 Pass 1.8, 1..8 for 51 Pass nts) 1.8, l.S 
	Pass nts) 1.9, 1.9 
	52(1) Upstream of Pass (all points) 3.8, 3.8 S2(2) Pass (all points) 3.6, 3.7 
	1) Downstream of Fail all 1~ts) 6.6, 6.7 2) Fail 1 nts) 6.7. 6.8 
	S4(1) Collection tank Fail (all nts) 6.4, 6.5 54(2) Fail (all nts) 6. 7. 6.7 
	3A 02-·24-84 Sl( 1) tank (-40DC AMK, Run 9) Pass (all poi l. 7' 1.6 Sl(2) Pass (all points 1.8, 1.8 
	1) Upstream of degrader 1.8, 1.8 2) 1.9, 2.0 
	1) Downstream of degrader Fail all points 6.6, 6.7 
	2) Fail (4 nts) 6.9, 6.8 pass (2 points) 
	Collection tank Fail (all nts) 5.9, 5.9 Coll on tank, Fail (all points) 6.7, 6.8 to 
	Fail (all points) 6.2, 6.3 
	d~ring test. (l) = .after l./2 hr
	Numbers in parentheses refer to ttme sample was taken 

	* 
	(2) = after 1/2 hr. Six points tested: air velocity 50 m/s, fuel flow (ml/s) = 12, 14, 16
	** 
	r velocity 60 m/s, fuel flow (ml/s) = 12, 14, 16 
	+ Sample heated to and cooled to ambient prior to characterization tests 
	s. 
	tan sin was 
	endurance test. 
	FIGURE 37. BOOST PUMP INLET FOLLOWING -40° AMK ENDURANCE TEST 
	FIGURE 38. BOOST PUMP MOTOR FOLLOWI~G -40° AMK ENDURANCE TEST 62 
	S PERFORMANCE DATA (HYDRO-AIRE 703) OVERRIDE BOOST PUMP, 7/14/69 
	TABLE 16. MANUFACTURER 
	1 

	Fuel 
	tions (JP4) 
	0 0 48.7 200 11.1 12.1 11.6 2890 75 JP-4 Speci c avi 0.750@ 7 5,000 13.3 .3 200 11.6 12.5 1 1 3080 75 
	10,000 26.6 46.0 200 12.0 13.2 .4 3270 75 20,000 53.3 42.8 200 13.3 14.3 13.8 3600 76 30,000 79.9 39.5 200 14.0 15.2 14.1 3800 0 1 ntained 
	ii 11 mouth 
	10-15 

	40,000 106.6 34.1 200 14.7 16.1 14.9 3950 76 o pump centerline 11.7 50,000 133.2 28.5 200 14.8 • 1 .8 3970 76 inches a ve inlet be lmouth 60,000 159.8 24.1 200 14.4 15.6 14.4 3855 
	*Maximum allowable power= 4500 Watts 
	4 Boost Pume Performance Results 
	The boost pump performed sati sfactori1y with no increase in pump case temperature, pumping continuously (15 gpm) r 1 with ambient. -20°C. and -40°C AMK. Steady f1 ow e1ect r measurem1:nts are compared. to Jet A requirements in table 17. show the power requirements for AMK are approximately the same as those to Jet A. This result is at variance with the measurements boost pump (section 3.3) which showed that the power requi !:i to 18 percent higher than that for Jet A. In fact the in the endurance test was 
	40 
	40 
	40 
	4500 W. MAX. ALLOW. 
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	FIGURE 39. BOOST PUMP MANUFACTURERS CALIBRATION DATA 
	TAI:lLE 
	TAI:lLE 
	TAI:lLE 
	17. 
	RESULT OF 
	BOOST 
	PUMP 
	P 
	ER 
	MEASUREMENTS 

	TR
	NOMINAL FLOW RATE 
	= 
	15 GPM 

	Temperature 
	Temperature 
	Flow 
	Voltage 

	(oc) 
	(oc) 
	( gpm) 
	(vac) 

	TR
	cJl1 
	4>2 
	cjl3 

	ambient 
	ambient 
	15.0 
	112.0 
	.0 
	13.0 
	13.1 
	3. 
	4. 

	A 
	A 
	-20 
	14.9 
	111.7 
	13.5 
	13.5 
	14.0 
	3.39 
	4.55 

	TR
	-40 
	15.1 
	111.6 
	14.0 
	14.0 
	14.5 
	3.b1 
	4.7 


	ambient 1 0 111.5 13.0 1 0 13.0 3. 4. AMK -20 15.0 108.0 .0 13.0 15.5 3.64 -40 15.0 111.3 13.5 13.5 13.5 3.34 4.48 
	*Power factor ~ 0.7 (assumed from calibration test results) 
	ng the pump tests it was not possible to visually check 
	the presence of gel inside the tank. It is noted that when boost p was removed for inspection fo11 owing the -20°C and -40°C endurance tests, it had warmed to ambient tern rature and gel which might have 
	ing the test could not observed. ins ions showed no unusua1 wear or deposits. characte zation data samples ned downstream from the boost pump (station S2) showed little evidence of degrading. 
	4.5 rformance ults 
	The degrader used in the endurance tests was sed of a ston 
	1 pump (which increased the test fuel pressure from a i g to severa1 thousand psi g. depending on the temperature) a pressur'e th i ng va1ve which dropped the pressure back down to a value 
	ig. Under the very high shear rate tions in the throttlin complete degrading of the AMK was ected. FAA r si that of Mannheimer (reference 5) and the test device was intended as an experimental AMK degrader. AMK degradation was expected to r one pass through the throttling valve. was also expected r pressure differentials would be required to deg AMK at lower but the precise requirements were unknown. d values u in these tests were speci ed by the FAA ( 
	The degrader sha torque and rpm were measured a torque meter i nsta11 ed between the Va drive and the pump shaft power calculated from these measurements is in uded in 
	ammabi 1i tests performed on the fue1 samp 1es 1ected down t degrader throttling valve (station S3) showed r re the 
	ammability to that Jet A (table 15). 
	0' 0' 
	FIGURE 40. TYPICAL METER INSTALLATION FOR DEGRADER PUMP AND ENGINE DRIVEN PUMP 
	M~ASUR~MENTS OF AMK TlST DEGRADER POWER RSUS TEMPERATURE USED IN ENDURANCE TESTS 
	TABLE 18. 

	Pump Flow Fuel Upstream Delivered Pump InputEndurance Rate Temperature Pressure Power Shaft Power Run __j_~C) 
	6 15.1 17 2252 19.8 25.0 7 14.9 -20 4115 35.8 41.6 9 14.8 -40 5622 48.5 5 8 
	4.6 Filter Performance Results 
	The flow performance of the following three filters was evaluated duriny the en ranee runs: 
	o 
	o 
	o 
	CF6-50 low pressure cartridge filter 

	o 
	o 
	90 engine driven pump interstage filter 

	o 
	o 
	JT-80 fuel control wash filter 


	filters, shown in figures 25, 41, and 42, were located downstream of the 
	rader throttling valve (figure 33) and were equipped with a bypass circuit in the event of excessive pressure drops. Baseline pressure drops thruugn the filters were measured with Jet A prior to the AMK tests. After each run. the i rstage (paper) filter was changed and the CF6 ana JT-80 wa flow filters were cleaned with xylene-butanol solvent. 
	pressure drop data for AMK (table 19) show slightly higher in all lters at ambient temperature, and substantially higher sure across the interstage and washf1ow filters at -20°C. The ters bypassed 
	thin a few minutes of operation with -40°C AMK fuel. Photog the 
	lters immediately aft~r the -40°C run (figures 43 to 4!:l) showed la 1 accumulations on the downstream side of all lters, explaining t drop data. Gel was observed in all tests to cover the fine screen t wash lter. 
	TABLE 19. STEADY FLOW FILTER PRESSURE DROPS (PSID) 
	Filter 
	6 lter 3 to 1.2 1. 3 1.5 to 2.5 to 3.3 22.7 1.1 2.2 
	ven 0.15 to 1 to 0.5 2.1 to 8 to 8. 5 26.0 0.2 2.9 1ter 
	ter-0.25 

	Fuel rol 1.0 to 1.9 2.5 0.2 to 58.8 70.3 h lter 0 1.9 
	67 
	0'> 00 
	FIGURE 41. CF6 -50 LOW PRESSURE CARTRIDGE FILTER 
	69 
	FIGURE 43. CF6 FILTER FOLLOWING -40°C AMK ENDURANCE TEST 
	70 
	FIGURE 44. JT9D ENGINE DRIVEN PUMP, INTERSTAGE FILTER FOLLOWING -40°C AMK ENDURANCE TEST 
	71 
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	the AMK tests, re Jet A tests were performed hig 
	s than i niti y measured. specifi 1 across the wash lter pressure drop was approxi 1y six times 
	ose-up photographs wash 1ter screen ( fi 
	A 
	A 
	A 
	tests 
	showed 
	evidence of gel 
	deposi 
	on t 

	r 
	r 
	whi 
	persisted 
	even 
	r cleaning th lene
	-


	4.7 Flow Mea 
	4.7 Flow Mea 


	fuel ow in system filters was measured with a one-i i nsta 11 ed in the system prior to 
	i the 
	moni 
	A 1 inch turbine flowmeter was install in JT -80 wash lter prior to the -20°C nee purpose this second meter was to measure the wash fuel set 
	1. 7 gpm. Because of formation of on fine screen mesh, a 0\>1 resistance resulted and the differential pressure caused to bypass. During AMK run at -40°C there was no indi on of in sma 11 meter. Subsequent inspection of the 1 meter showed 1 coll inside meter and p the turbine ing. 
	DISCUSSION 
	sul ts of en vi ronmenta l and ins le problems with airframe 1 system components temperature range and number of cycles studied. rved with airframe s ion feed, and jet pump 1 filters. The suction feed problem relates to an 
	1ity which is an FAA service writing certi cation engine 1 filter problem to degrader development and 1 r problem is not in Boeing•s pur ew. observations are bri y discussed in is section. 
	5.1 
	suet ion feed results with ambient and -zooc AMK are of the most conce1An, since satisfactory feed system performance could not be demonstrated a 
	000 feet. In suction feed tests performed by Ching and Peacock, Jet A met the required system flow and pressure to the maximum certi ed al (42,000 ft), with ambient AMK the system was 1imited to 31,000 is result is simuliar to the results of the Boeing tests. It is pointed out that 
	tests were performed without a degrader installed upstream the engine ven pump which might or might not affect the suction feed li is also noted FAA certification requirements are for suction feed to the 
	FIGURE 46. FINE MESH GEL RESIDUE AFTER CLEANTNr. 74 
	airplane service ling and for en ne restart on suction a li a ndmi11ing engine to drive a degrader and still maintain starting is an issue. 
	pump~ which is similar to the main boost , showed no evidence of overheating when operated various temperatures and at a cruise f1 ow rate (15 gpm) for a two-hour period. Power measurements at flow conditions with AMK at ambient, -20°C, and -40°C were rou y the same those for Jet A at the same temperatures. ndings are at with power measurements performed during short term operations th a 
	8747 override boost 

	main boo pump where 5 to 18 percent more power was needed to AMK 
	A. This anomally may arise from the overri designed for higher pressure and flow rate and at 15 gpm was operating low its ign flowrate than the main boost pump. With AMK the pump power tended to decrease as the temperature was reduced, 
	th Jet A the opposite trend was observed. fhi s result may qualities of the FM-9 polymer. 
	"flow improver
	11 

	Jet pump performance ~;;ith AMK was substantially less than that except at -40°C. The AMK motive flow in these tests was since the boost pump provides very little ng. pump, t induced flow is a result of the low pressure accele ion of the motive flow through the primary noz e. 
	"undegra 
	11 

	suggest that the expansion 
	suggest that the expansion 
	suggest that the expansion 
	process 
	with 
	AMK 
	is 
	quite different 

	Jet 
	Jet 
	A 
	ambient 
	temperature 
	and 
	-20°C. 
	a 
	more 
	comp1 understand·i 

	riments 
	riments 
	aimed 
	at 
	studying 
	this 
	expansion 
	process 
	with 
	AMK in 
	more 

	wou 1 d 
	wou 1 d 
	required. 
	It 
	shou 1 d a 1 so 
	be 
	pointed 
	out 
	that 
	the ve 

	s 
	s 
	were 
	conducted 
	with 
	1 
	not 
	saturated 
	with 
	water. 

	ive to study jet pump 
	ive to study jet pump 
	effects of cont 
	led amounts 
	of water in 

	The 
	The 
	gaugi 
	and 
	en vi ronmenta 1 
	indicate that 11 
	behavE~ 
	in 

	a 
	a 
	hion similar to 
	A inside the fuel 
	tank. 
	was 
	no 
	evidence 
	1 


	buildup or blockage of the fuel transfer holes (mouse holes) cut in the bottom ringers in t simulator tank. 
	Du ng the our engine simu1 ion tests, the interior of tank could not be viewed and it is not known whether ge 1 was rmed tank. However, the only gel formations observed in any component system were downstream of the lters; it is beli that this gel was formed as the fuel flowed through the filters, and did not originate in the tank. Some or a11 of the fi 1ters are found in various en ne feed systE!ms, and t ir sensitivity to gel formation is in all robability a function of the AMK degrading unit performance.
	The tendency ot gel to build up and eventually cause filters to bypass was found only at the low temperatures (-20°C and -40°C); the time to s decreased as temperature decreased. There were semi-permanent gel deposi s on the fine screen portion of the fuel control wash filter which could not totally removed with the cleaning techniques used. ther more effective deyradiny or a change in filtration approach appears necessary to solve this filter performance problem. 
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	0 stems are e th 
	0 es of are low or normal ion 
	from t results of fuel system environmental and nt
	' d 
	tests of following list indicates concerns which Boein feels must re ved ra1 eet use of AMK is considered practica 
	o Introduction improperly blended (such as t i produced du ng in-line blending in this program) into an ai fuel k would be unacceptable to ai ane r 
	0 A rader v~hose substantially the mental degrader ram or 1ter modi 1 ired to avoid bloc engine Hers. 
	0 .. Jet pump rmance is poor th 
	0 If main boost pump power requirements are g inc power requirement would s antially thermal p on. 
	0 altitude which a 0 performance be maintd was some 5000 h than th Jet A (except at very cold cause airplane se ce ling to 
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	:::: 1 iation Admi ni st ion h ght :::: 1 mass ::::: number N :::: ssure io p :::: sure t.p :::: i fferent i a1 sure = flow rate :::: recovery gas constant olds number :::: time T ::::: temperature :::: veloci ::: r densi 
	m 
	= 
	M 
	Q 
	R 
	w 
	v 
	t 
	= 

	io 
	R = 
	ro :::: 
	::::
	w 
	:::
	d 
	::::: 
	:::: 1 = 
	m 
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	environmental 
	environmental 
	environmental 
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	in 

	l 
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	table 
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	Figure
	TABLE A-1. TEST MATRIX 
	TABLE A-1. TEST MATRIX 
	TABLE A-1. TEST MATRIX 

	CONTROLLED/SIMULATED PARAMETERS 
	CONTROLLED/SIMULATED PARAMETERS 
	FUEL TEMPERATURE 
	MEASUREMENTS 
	SAMPLE 

	HUN NO 
	HUN NO 
	TEST DESCRIPTION 
	TEST FUEL TYPF 
	SLOSH & VI BRA TION 
	PRESS. (AlTl TUDE I 
	SKIN TEMPER ATURE 
	FUEl WITH· DRAWAL 
	H~~~D 
	i 
	START 
	INTER· MEDIATE 
	END 
	THER· MAL PROFILE 
	TANK PRESS. 
	FUEL LEVEL 
	GAUGE CAPAC I~ TANCE 
	FUEL REMOV~ RATE 
	~ ..~ PHOTO~ GRAPHY 
	,--~ REMARK 
	ANALYSIS (NO. OF SAI\I:PI CS) 

	TR
	-

	1 
	1 
	LOW TEMPERATURE DYNAMIC AND GAGING 
	NEAT JET A 
	YES 
	-
	YES 
	YES 
	-
	·10° c 
	-40 °c 
	AMBIENT 
	YES 
	-
	YES 
	YES 
	YES 
	If FOUND NECES~ SARY 
	YE!.': 
	131 

	2 
	2 
	LOW TEMPERATURE DYNAMIC AND GAGING 
	NEAT JET A 
	YES 
	-
	YE~ 
	YES 
	-
	-10° c 
	·20 °c 
	AMBIENT 
	YES 
	-
	YES 
	YES 
	YES 
	IF FOUND NECES~ SARY 
	YES 
	121 

	3 
	3 
	LOW TEMPERATURE DYNAMIC AND GAGING 
	NEAT JET A 
	YES 
	-
	-
	YES 
	-
	AMBIENT 
	AMBIENT 
	AMBIENT 
	-
	-
	YES 
	YES 
	YES 
	-
	YES 
	(2) 

	4 
	4 
	LIQUID WATER/WATER VAPOR 
	NEAT JET A 
	YES 
	YES 
	YES 
	YES 
	YES 
	AMBIENT 
	-40 °c 
	AMBIENT 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	(3) 

	5 
	5 
	LOW TEMPERATURE DYNAMIC AND GAGING 
	AMK 
	YES 
	-
	YES 
	YES 
	-
	AMBIENT 
	-40 0 c 
	AMBIENT 
	YES 
	-
	YES 
	YES 
	YES 
	YES 
	YES 
	131 

	6 
	6 
	LOW TEMPERATURE DYNAMIC AND GAGING 
	AMK 
	YES 
	-
	YES 
	YES 
	-
	AMBIENT 
	-20° c 
	AMBIENT 
	YES 
	-
	YES 
	YES 
	YES 
	YES 
	YES 
	13) 

	;t> l ...... 
	;t> l ...... 
	7 
	I LOW TEMPERATURE 1 DYNAMIC AND GAGING 
	AMK 
	YES 
	-
	-
	YES 
	-
	AMBIENT 
	AMBIENT 
	AMBIENT 
	-
	-
	YES 
	YES 
	YES 
	-
	YES 
	(2) 

	TR
	8 
	I THERMAL CYCLING 1ST CYCLE 
	AMK 
	YES 
	-
	YES 
	-
	-
	AMBIENT 
	50 ° to -60 0 c 
	AMBIENT 
	YES 
	-
	-
	-
	-
	[i> 
	YES 
	(2) 

	TR
	9 
	THERMAL CYCLING 2ND CYCLE 
	AMK 
	YES 
	-
	YES 
	-
	-
	AMBIENT 
	50°to -60 °C 
	AMBIENT 
	YES 
	-
	-
	-
	-
	[i> 
	YES 
	(1) 

	TR
	10 
	THERMAL CYCLING 3RD CYCLE 
	AMK 
	YES 
	-
	YES 
	-
	-
	AMBIENT 
	50°to -60 °c 
	AMBIENT 
	YES 
	-
	-
	-
	-
	[i> 
	YES 
	·I) 

	TR
	11 
	THERMAL CYCLING 4TH CYCLE 
	AMK 
	YES 
	I 
	-
	YES 
	-
	-
	AMBIENT 
	50° to -so 0 c 
	AMBIENT 
	YES 
	-
	-
	-
	-
	[i> 
	YE: 
	(1) 

	TR
	12 
	THERMAL CYCLING 5TH CYCLE 
	AMK 
	YES 
	-
	YES 
	-
	-
	AMBIENT 
	50° to -60 0 c 
	AMBIENT 
	YES 
	-
	-
	-
	-
	[i> 
	YES 
	111 

	TR
	13 
	LIQUID WATER/ WATER VAPOR 
	AMK 
	YES 
	YES 
	YES 
	YES 
	YES 
	AMBIENT 
	-40 ° c 
	AMBIENT 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	(3) 

	TR
	1ST CYCLE 


	It: l=l!EL APPEARANCE CHANG[$ on OTHER lNTER!:STlNG PHENOMENON lS OBSERVED 
	TABLE A-1. TEST MATRIX (CONTINUED) 
	KUN NO 14 
	KUN NO 14 
	KUN NO 14 
	TEST DESCRIPTION liQUID WATER/ WATER VAPOR 2ND CYClE 
	TEST FUEL TYPE AMK 
	CONTROLLED/SIMULATED PARAMETERS SLOSH & PRESS. SKIN FUEL HUMIDVI BRA (AlTl-TEMPER WITH· lTV TION TUDE) ATURE DRAWAL YES YES YES YES YES 
	FUEL TEMPERATURE INTER· START ENDMEDIATE AMBIENT ..IIOoC AMBIENT 
	THER· MAL PROFilE YES 
	TANK PRESS. YES 
	MEASUREMENTS GAUGE FUEL FUEL CAPAC!· REMOV. LEVEL TANCE RATE YES YES YES 
	PHOTO· GRAPHY YES 
	REMARK 
	SAMPLE ANALYSIS (NO. OF SAMPLES) YES (3) 

	15 
	15 
	LIQUID WATER/ WATER VAPOR 3RD CYClE 
	AMI< 
	YES 
	YES 
	YES 
	YES 
	YES 
	AMBIENT 
	.4() 0 c 
	AMBIENT 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	{3) 

	16 
	16 
	LIQUID WATER/ WATER VAPOR 4TH CYClE 
	AMK 
	YES 
	YES 
	YES 
	YES 
	YES 
	AMBIENT 
	40°C 
	AMBIENT 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	YES 
	{3) 

	>! N 
	>! N 
	17 18 19 20 
	SUCTION FHD PERFORMANCE AT:lO,OOO SUCTION FEED PERFORMANCE AT35,000' SUNCTION FEED PERFORMANCE AT40,000' SUCTION FEED PERFORMANCE ATJO,OOO' 
	NEAT JET A NEAT JET A NEAT JETA NEAT JET A 
	----
	YES YES YES YES 
	YES YES YES YES 
	YES YES YES YES 
	----
	AMBIENT AMBIENT AMBIENT AMBIENT 
	-40° c -40 0 c ..IIOOC ·20°C 
	YES YES YES YES 
	YES YES. YES YES 
	YES YES YES YES 
	----
	YES YES YES YES 
	---
	@> @> @> @> 

	TR
	21 SUCTION FEEO NEAT JET A -YES YES YES AMBIENT ·20°C PERFORMANCE AT35,000' 22 SUCTION FEED NEAT YES PERFORMANCE AT40,000' JET A -YES YES -AMBIENT -20° c 23 SUCTION FEED NEAT PERFORMANCE AT30,000' JET A -YES -YES -AMBIENT AMBIENT 24 SUCTiON FEED NEAT YES YES AMBIENT AMBIENTPERFORMANCE AT35,000' JET A ---@> ALSO MEASURE ENGINE FEED lilliE PRESSURE AND ENGINE PUMP DISCHARGE PRESSURE IN All SUCTION FEED TESTS 
	YES YES 
	YES YES YES YES 
	I 
	YES YES YES YES -
	----
	YES YES YES YES I..__
	-

	---
	@> @> @> @> 


	TABLE A-1. TEST MATRIX (CONTINUED) 
	TABLE A-1. TEST MATRIX (CONTINUED) 
	TABLE A-1. TEST MATRIX (CONTINUED) 

	CONTROLLED/mMULATEDPARAMETERS 
	CONTROLLED/mMULATEDPARAMETERS 
	FUEL TEMPERATURE 
	MEASUREMENTS 
	SAMPLE:! 

	RUN NO. 
	RUN NO. 
	TEST DESCRIPTION 
	TEST FUEL TYPE 
	SLOSH & VI BRA TION 
	PRESS. (ALTITUDE) 
	-

	SKIN TEMPER· ATURE 
	FUEL WITHDRAWAL 
	-

	HUMIDlTV 
	-

	START 
	INTERMEDIATE 
	-

	END 
	THERMAL PROFILE 
	-

	TANK PRESS. 
	FUEL lEVEl 
	GAUGE CAPAC ITANCE 
	-

	FUEL REMOV. RATE 
	PHOTOGRAPHY 
	-

	REMARK 
	ANALYSIS (NO. OF SAMPLES) 

	25 
	25 
	SUCTION FEED PERFORMANCE AT40.000' 
	NEAT JET A 
	-
	YES 
	-
	YES 
	-
	AMBIENT 
	AMBIENT 
	-
	YES 
	YES 
	-
	YES 
	@> 

	26 
	26 
	SUCTION FEED PERFORMANCE AT30,000 
	AMK 
	-
	YES 
	YES 
	YES 
	-
	AMBIENT 
	-40 ° c 
	YES 
	YES 
	YES 
	-
	YES 
	-
	@> 

	27 
	27 
	SUCTION FEED PERFORMANCE AT35,000' 
	AMK 
	-
	YES 
	YES 
	YES 
	-
	AMBIENT 
	-40 °c 
	YES 
	YES 
	YES 
	-
	YES 
	-
	@> 

	28 
	28 
	SUCTION FEED PERFORMANCE AT40,000' 
	AMK 
	-
	YES 
	YES 
	YES 
	-
	AMBIENT 
	-40 0 c 
	YES 
	YES 
	YES 
	-
	YES 
	-
	@> 

	29 
	29 
	SUCTION FEED PERFORMANCE AT30,000' 
	AMK 
	-
	YES 
	YES 
	YES 
	-
	AMBIENT 
	-20°C 
	YES 
	YES 
	YES 
	-
	YES 
	-
	@> 

	30 
	30 
	SUNCTION FEED PERFORMANCE AT35,000' 
	AMK 
	-
	YES 
	YES 
	YES 
	-
	AMBIENT 
	-20°C 
	YES 
	YES 
	YES 
	-
	YES 
	-
	@> 

	>I 
	>I 
	31 
	SUCTION FEED I PERFORMANCE AT40,000 
	AMK 
	YES 
	YES 
	-
	AMBIENT 
	·20°C 
	YES 
	YES 
	YES 
	-
	YES 
	-
	@> 

	w 
	w 
	32 
	SUCTION FEED PERFORMANCE AT30,000' 
	AMK 
	-
	YES 
	-
	YES 
	-
	AM81ENT 
	AMBIENT 
	-
	YES 
	YES 
	-
	YES 
	-
	@> 

	TR
	33 
	SUCTION FEED PERFORMANCE AT35,000 
	AMK 
	-
	YES 
	-
	YES 
	-
	AMBIENT 
	AMBIENT 
	-
	YES 
	YES 
	-
	YES 
	-
	@> 

	TR
	34 
	SUCTION FEED PERFORMANCE AT40,000 
	AMI< 
	-
	YES 
	-
	YES 
	-
	AMBIENT 
	AMBIENT 
	-
	YES 
	YES 
	-
	YES 
	-
	@> 

	TR
	35 
	BOOST PUMP MAXIMUM POWER 
	NEAT JETA 
	YES 
	YES 
	AMBIENT 
	-40°C 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	I!> 
	YES 
	121 

	TR
	36 
	BOOST PUMP CRUISE POWER 
	NEAT JET A 
	YES 
	YES 
	AMBIENT 
	-40 0 c 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	@> 
	YES 
	121 

	TR
	37 
	BOOST PUMP DEAD HEAD 
	NEAT JET A 
	YES 
	YES 
	AMBIENT 
	-40 0 c 
	I 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	I!> 
	YES 
	(2) 


	il> AlSO MEASURE ENGINE FEED liNE PRESSURE AND ENGINE PUMP DISCHARGE PRESSURE 1111 All SUCTION FEED TESTS 
	i.f> 
	AlSO MEASURE IN THESE RUNS •BOOST PUMP POWER INPUT • PUMP CASE TEMPERATURE •VAPOR REMOVAl HOW RATE 
	1111 PUMP D1SCHARGE PRESSURE "JET PUMP flOW RATE o JET PUMP DISCHARGE PRESSURE 
	TABLE A-1. TEST MATRIX (CONTINUED) 
	HliN NO 
	HliN NO 
	HliN NO 
	IIS!IHSCHIP!ION 
	Tl Sl FUEL TYPf 
	CONTROLU D/SIMULATED PARAMETERS SlOSH & PRESS. SKIN FU~L HUMIDVI BRA {AlTl TEMPER WITHlTVTION TUDE) ATURE DRAWAL 
	-

	FUEl TEMPERATURE INTER·START ENDMEDIATE 
	THERMAL PROFILE 
	-

	TANK PRESS. 
	MEASUREMENTS GAUGE FUEL FUEl CAPAC!REMOV.LEVEL TANCE RATE 
	-

	PHOTO· GRAPHY 
	REMARK 
	SAMPLE ANALYSIS (NO. OF SAMPLES) 

	38 
	38 
	BOOST PUMP JET PUMP 
	NEAT JET A 
	YES 
	YES 
	AMBIENT 
	-40° c 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	fi> 
	YES 
	(1) 

	39 
	39 
	BOOST PUMP MAXIMUM POWER 
	NEAT JET A 
	YES 
	YES 
	AMBIENT 
	-20°C 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	fi> 
	YES 
	{2) 

	40 
	40 
	BOOST PUMP CRUISE POWER 
	NEAT JET A 
	YES 
	YES 
	AMBIENT 
	·20°C 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	@.> 
	YES 
	{2) 

	TR
	I 

	41 
	41 
	BOOST PUMP 
	NEAT 

	TR
	DEAD HEAD 
	JET A 
	YES 
	YES 
	AMBIENT 
	-20°C 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	@.> 
	YES 
	121 

	42 
	42 
	BOOST PUMP JET PUMP 
	NEAT JET A 
	YES 
	YES 
	AMBIENT 
	-20°C 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	@.> 
	YES 
	{1) 

	:t> l .j> 
	:t> l .j> 
	43 44I 
	BOOST PUMP MAXIMUM POWER BOOST PUMP CRUISE POWER 
	NEAT JET A NEAT JET A 
	--
	YES YES 
	AMBIENT AMBIENT 
	AMBIENT AMBIENT 
	--
	YES YES 
	YES YES 
	--
	YES YES 
	I 
	YES YES 
	fi> fi> 
	YES YES 
	(2) {2) 

	TR
	45 
	BOOST PUMP DEAD HEAD 
	NEAT JET A 
	YES 
	AMBIENT 
	AMBIENT 
	-
	YES 
	YES 
	-
	YES 
	YES 
	fi> 
	YES 
	(2) 

	TR
	4£ 
	BOOST PLJMP JET PUMP 
	NEAT JET A 
	-
	YES 
	AMBIENT 
	AMBIENT 
	~ 
	YES 
	YES 
	-
	YES 
	YES 
	fi> 
	YES 
	(1) 

	TR
	47 
	BOOST PUMP MAXIMUM POWER 
	AMI< 
	YES 
	YES 
	AMBIENT 
	-40° c 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	fi> 
	YES 
	(2) 

	TR
	48 
	BOOST PUMP CRUISE POWER 
	AMI< 
	YES 
	YES 
	AMBIENT 
	-41JoC 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	@.> 
	YES 
	(2) 

	TR
	I 
	-· 

	TR
	AlSO MEASURE IN THESE RUNS 
	•BOOST PUMP POWER INPUT 
	•PUMP CASE TEMPERATURE 
	•VAPOR REMOVAl FlOW RATE 
	• PUMP DISCHARGE PRESSURE 
	• JET PUMP HOW RATE 
	• JET PUMP DISCHARGE PRESSURE 


	TABLE A-1. TEST MATRIX 
	TABLE A-1. TEST MATRIX 
	TABLE A-1. TEST MATRIX 

	HI IN NO 
	HI IN NO 
	IISIIJISCIHI'IION 
	HSI IIJ!l lYPf 
	CONI ROllE 0/SIMUU\HO PARAMETERS SlOSH X. PIUS$. SKIN fUEl VIBRA (Al Tl HUMIDIf MPE R WITH lTVliON TUDE) ATURE ORAI"'Al 
	FUEL TEMPERATURE INTER·START ENDMEDIATE 
	THEAMAL PROFILE 
	-

	TANK PRESS. 
	MEASUREMENTS GAUGE FUEL FUEl CAPAC I· REMOV.LEVEL TANCE RATE 
	PHOTOGRAPHY 
	-

	REMARK 
	SAMPLE ANALYSIS (NO. OF SAMPLES) 

	411 
	411 
	OOOST f'UMII' DEAD HEAD 
	AMK 
	YES 
	YES 
	AMIIIENT 
	-40oC 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(2) 

	50 
	50 
	OOOST PUMIP JET f'UMII' 
	AMK 
	YES 
	YU 
	AiillliENT 
	-40oC 
	YU 
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(1) 

	51 
	51 
	OOOST PUMP MAXI-POWER 
	AMK 
	YES 
	YES 
	AMIIIEIIT 
	·20°C 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	12) 

	52 
	52 
	OOOST f'UMII' CRUISE POWER 
	AMK 
	YES 
	YES . 
	AiillliEiiT 
	.;woe 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(2) 

	53 
	53 
	OOOST~ OEAO HEAD 
	AMI< 
	YES 
	YES 
	AMIIIENT 
	·21loC 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(2) 

	54 
	54 
	OOOST~ JET POWER 
	AMK 
	YES 
	YES 
	AMIIIENT 
	*20°C 
	YES 
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(1) 

	:Po I \JI 
	:Po I \JI 
	55 
	OOOST~ MAX IMUM !'OWER 
	AMK 
	-
	YES 
	A!illliENT 
	AMIIIENT 
	-
	YES 
	YES 
	-
	YU 
	YES 
	[t> 
	YES 
	12) 

	TR
	56 
	OOOST I'UM!' CRUISE POWER 
	AMI< 
	-
	YES 
	AMIIIENT 
	AMIIIENT 
	-
	YU 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(2) 

	TR
	57 
	OOOST~ DEAD HEAD 
	AMI< 
	-
	YES 
	AMIIIENT 
	AMIIIENT 
	-
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(2) 

	TR
	58 
	OOOST~ JET~ 
	AMI< 
	-
	YU 
	AiillliENT 
	AMIIIENT 
	-
	YES 
	YES 
	-
	YES 
	YES 
	[t> 
	YES 
	(1) 

	TR
	I 
	I I I 
	t 

	TR
	I 

	TR
	) 


	AlllO MEAiUI'lE IN THESE RUNS •BOOST PUMP POWER INPUT • PUMP CASE TEMPERATURE 
	[t> 

	•VAPOR REMOVAl HOW RATE •PUMP DISCHARGE PRESSURE •JET PUMP FlOW RATE •JET PUMP DISCHARGE PRESSURE 
	Figure
	rve 
	ision 1 2 
	enti c r 
	ven 
	B-1 
	13. 1 r rott1i lve 
	15. -ne-Blending Unit 5 gpm, gpm FAA rnished 16. 
	17. 
	17. 
	17. 
	CF6 Pressure. rt dge Filter ( Furnished) 

	18. 
	18. 
	ro l , No e Wa lter rnished) 


	B-2 
	APPENDIX C DETERMINATION OF WATER CONTENT OF ANTIMISTING KEROSENE 
	water content of AMK fuel samples was determined using an cou1omet c titrator, the Aquatest IV. This instrument, manu 
	1t Corporation of New York, N. , el ica11y quantity Karl scher reagent requi the titration. one co omb of electricity is equivalent to 186.53 mic rams water, necessity for standardized calibration is elimi 
	to nature the AMK samp1 es approaches were used in i niti a 1 stages to optimize the procedure. One approach used to reduce 
	si e e of AMK additives on the ectrodes was to a chloroform, to tne titration vessel to increase the sol volume. method tried was to use extra titration vessel solution. actual selected was to add extra titration s ution to the to solution more frequently than instruction manual 
	conduct the tests, the Aquatest IV was ti oned as the ing instruction manual and then an aliquot of AMK tit ion vessel, through the septum, using a hypode scher reaction was complete, the number of coul translated into micrograms of water and this value displayed on gital readout as micrograms, ppm, or percent water as sel 
	Figure
	Figure
	Figure
	NDIX D 
	NDIX D 
	NDIX D 

	In 
	In 
	ne 
	Bl 
	ng 
	en<;e 

	n 
	n 
	ine 
	blender, 
	developed by 
	the 
	FAA, 
	and 
	several 

	slu 
	slu 
	were 
	provided 
	to 
	produce 
	the 
	test 
	AMK 
	u 

	The 
	The 
	unit, 
	designed 
	to 
	meet 
	explosion-proof 
	speci 
	ions, 

	, 
	, 
	3 phase, 
	amp 
	power. 
	During the initial 
	setup 
	blending 

	i 
	i 
	FAA provially some 
	an experienced engineer in Boeing test problems were experienced th the blender operation, 

	in AMK 
	in AMK 
	ich contained less 
	than 
	desi 
	and 
	in 
	ch 
	some 

	the polymer was observed as a result of poor mixing. These p resolved and subsequent blends (of the amount 6,000 gallons) were satisfactorily. Details of this experience are reported here since it was first attempt to use an in-line blender to produce quanti es AMK, such may give guidance to others working on AMK test programs. 
	the polymer was observed as a result of poor mixing. These p resolved and subsequent blends (of the amount 6,000 gallons) were satisfactorily. Details of this experience are reported here since it was first attempt to use an in-line blender to produce quanti es AMK, such may give guidance to others working on AMK test programs. 
	as 

	The b 1 r was designed operate at two nomina1 gpm, and required calibration of the urry pump of AMK ended. The actua 1 ending process between takes ace inside a nch diameter c xing 
	The b 1 r was designed operate at two nomina1 gpm, and required calibration of the urry pump of AMK ended. The actua 1 ending process between takes ace inside a nch diameter c xing 

	inches 
	inches 
	ong mounted 
	horizontally 
	on 
	the unit. 

	contained wi 
	contained wi 
	the b1 
	r 
	p 
	ded 
	t 
	Jet A 

	s pump was required for each run. (25 gpm) s a separate pressuri source (e ired. Prior to the blending startup, u homogenized. Ini ally this was ished by hand, hours t • Subsequently, s t me was reduced minu the use of a mechanical mixer ( uminum paddle d 11 motor) (figures D-1 and D-2). 
	s pump was required for each run. (25 gpm) s a separate pressuri source (e ired. Prior to the blending startup, u homogenized. Ini ally this was ished by hand, hours t • Subsequently, s t me was reduced minu the use of a mechanical mixer ( uminum paddle d 11 motor) (figures D-1 and D-2). 

	incuded o filter 
	incuded o filter 
	ion tests on samples taken prior to ce cup, filter ratio, FCTA, and solids content. The ratio tests were performed approximate1y 30 minutes 
	one 
	run r 


	r b 1 ~g while the solids content and FCTA tests were rformed several 
	bl ng. The solids content tests, performed in accordance ASTM 0381 procedures, are time consuming and sive. used to spot check the blending operations were not 
	le. r the ini al blends the ce cup, lter 
	ammabi1 i ty test resu1 were a11 thin the 1 imits estab1i shed However, the solids content of two samples (1 and 2) was substantially lower t expected, but because the Jet A pump was out of cali ion, 
	scovered until r mechanical problems began to develop with 
	Du ng the first series of test runs (Runs 34), the diaphragm pump u supply A to the blender failed twice, apparently due to a mal i 
	ve in the discharge. A check this pump after the check valve was repai showed that the pump produced ow rates which were 15 hi in the 3 to 5 gpm range; in addition, the flow rate was not repeatable rom s Jet A blender pump could not satisfactorily resolved within the time constraints of the test schedule a 
	run to run. The problems with the FAA 
	1 

	ng pump th a turbine flow meter in the discharge line was substi 
	A A ow rate of 3 gpm was selected for blending since the itutE! pump wo d not produce good steady flow performance at higher ows. Hov1ever, despite very careful calibration of both the A pump and slurry pump, the 
	D-1 
	FlGUit..f: 
	Figure
	test on a sample of o. 
	r content Bits of were o tube ream of t bl into the simulator tank. • a ck te mass. was in the connecting t du wei tank to the test tank. test run was the to the p em; t s 
	i te ria1 was removed and photogra 3). When the simulator tank was lled, it ear r ve minutes and the was resumed. next however, deposits of white 
	the and drain outlet was 
	th Ins 
	slur 
	ratted, resulti 
	r it had a 
	rent drain line to the 
	tank, and interconnecti 
	FAA (75 
	tube and the s1ur 
	ng tube was 
	gures D-4 and D-5). It 
	al was effective in 
	tubi • the 
	of which had 
	and glass. and 
	p ems e~xperi enced ng of the s 1 u a A base were att r i d t o a xi n g tube i g n an d t he 1ow b 1 
	ow rate necessary itute Jet A static mixi 
	ch gina11 y came th the unit was • and a 1 a 
	(7gpm) was obtained. FAA provi assistance in gi blender mixing tubes and in b 1 ending a t a l batch of AMK. Prior to b 1 end ng, the sl was strained through a fine re screen ( ndow screen) to remove 
	arge chunks of slurry. is step may unnecessa , however. si nee 
	xing thE~ slu at least 20 nutes using the mechanical mixer 
	Chunk-" source of s 1 u r b 1 ending 
	s provided a 
	11

	Subsequent to blending the a trial h, the slu pump failed to pump. The pump stator, which is lined with a black rubber mate al. was fou to be worn beyond acceptable limits. A new stator was orde from the slurry pump 
	D-4 
	FIGURE D-3. RESIDUE FROM I~PROPERLY MIXED AMK 
	~5 
	D-6 
	D-7 
	i n 11 e d i n the s 1 u purn p rer 's The pump was lled with sl a 
	this confi ration of the boost p water va r i ' a Y 
	) . 

	Figure
	Figure
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