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EXECUTIVE SUMMARY

During the past few years, studies by the Federal Aviation Administration
(FAA) and other government agencies have shown that the hazards from
aircraft crash fires might be significantly decreased if an antimisting
kerosene (AMK) fuel could be utilized. The addition of polymeric additive
at low concentrations to jet fuels is known to suppress mist formation and
ignition of the fuels under circumstances often encoyptiered in survivable
aircraft crash landings. An antiwisting additive, FM-9'™ has been developed
by Imperial Chemical Industries (ICI) and is available under the trade name
AVGARD. This material when dissolved in jet fuels imparts a strong time-
dependent threshold type shear-thickening behavior. In case of fuel
spillage from a ruptured fuel tank during an aircraft crash, the fuel
misting is prevented. Simulated aircraft crash landing fuel spillage tests
have indicated that fuel misting can be sufficiently suppressed, and the
i?nition and the subsequent fireball formation can be greatly reduced or
eliminated.

However, this desirable shear-thickening effect of AMK which reduces the
postcrash aircraft fires may influence the operation of some of the aircraft
components, viz., the jet pumg which is the subject of this report. The
effects on performance of partial degradation of the motive flow by a boost
pump and AMK fuel temperature are documented. Tests were performed to
determine the influence of AMK fuel on jet pump priming. MWater ingestion
tests were also made to determine the effect of precipitate formation on the
performance of the pump and on AMK fire protection. Surface pressure
measurements and flow visualization were used to determine the effect of AMK
fuel on the flow processes inside the jet pumps. Based on these results,
hardware modifications to improve the performance of jet pumps were made.

The main results of this investigation are:

1. Jet pump performance with undergraded AMK is significantly reduced
compared to Jet A performance. The reduction with AMK was as much as 50
percent as compared to Jet A performance.

2. Partial degradation of the motive flow by a boost pump results in an
improved performance.

3. The performance of jet pumps with AMK at low temperature is improved
compared with that at room temperature.

4. The suppression of turbulent mixing by AMK is shown to be the cause of
reduced performance.

5. Hardware modification to the mixing chamber showed improvement in jet
pump performance. This improvement results from increased interaction of
primary jet with secondary flow in the mixing chamber. However, optimi-
zation of the hardware changes were not made during the course of this
investigation.




- - - -

INTRODUCTION

This report presents the results of an investigation on the compatibility of
antimisting kerosene (AMK) with jet pumps used in aircraft fuel systems.
The development of antimisting kerosene te¢ prevent postcrash fires of
aircraft has been pursued G%r a number of years. In its current stage of
development, a polymer (FM9'"™ manufactured by Imperial Chemical Industries)
and carrier fluids are added to Jet A. The non-Newtonian character of this
AMK fuel influences the performance of the low pressure fuel system com-
ponents. Two requirements that need to be satisfied are: performance of
the various components with AMK must be comparable to that found with Jet A
fuel, and AMK in the tank must retain its fire protection capability
throughout the length of the flight. Jet pumps are extensively used in the
low pressure fuel system for scavenging and fuel transfer operations
(reference 1). Initial tests, however, showed that jet pumps have signi-
ficant performance loss with AMK fuel (references 2 and 3) at ambient
temperat-'re. Research at JPL was undertaken to determine the mechanism
responsible for this loss of performance which will lead to design modifi-
cations for acceptable jet pump performance with AMK. Furthermore, how low

temperature influences jet pump performance was another goal of this
research effort.

A typical jet pump designed for aircraft fuel system operation is shown in
figure 1. The pumping action in the induced flow line results from tur-
bulent mixing of the induced flow with the high-speed motive flow and
subsequent diffusion of the mixed flow in the divergent portion of the pump.
Mixing between the motive and induced flows within the constant area section
of the pump directly influences the pressure recovery in this section and
results in an improved performance of the diffuser. Typical jet pumps used
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in aircraft fuel systems are designed with a mass flow ratio of 3 (induced
flow divided by motive flow) and have maximum suction pressure in the range
of 5 to 10 psi. - Depending on the specific application, jet pumps can
encounter priming problems. Priming refers to the ability of the pump to
initiate operation when the induced flow 1line is filled with air.
Self-priming pumps are available. They have a reduced efficiency compared
to the conventional pumps.

The reported reduced performance of jet pumps with AMK (references 2,3,4,5)
is believed to be the result of reduced mixing in the pump. Previous tests
reported in references  2,3,4,5 have also shown partial degradation of the
AMK delivered by the pump. The configurations used in these tests were
typical of aircraft fuel systems. It is therefore difficult to isolate the
contribution of the jet pump to the degradation of AMK. Furthermore, the
effect of AMK on priming, and the performance of jet pumps with AMK at low
temperature were investigated.

In some fuel system tests with AMK, the performance of jet pumps was below
acceptable levels. In these cases, because the water scavenge/fuel transfer
functions are effected, an improvement of the jet pump performance with AMK
may be required or full management design/operational requirements re-
evaluated. The jet pump fuel transfer operation is the most critical issue
with the use of AMK. If fuel transfer efficiency deteriorates, the fuel
feed system could be effected. However, the reduction of water scavenge
pump efficiency will not have an effect on engine feed (reference 5), while
the requirement for continuous water scavenge with AMK may be eliminated
because at the fuel’s high affinity for dissolved water (reference 6). It
should also be noted that some aircraft manufacturers do not use jet pumps
for fuel transfer (reference 5). The following strategies are apparent. On
one hand, techniques to improve the efficiency of jet pumps with AMK need to
be identified. On the other, the use of larger capacity jet pumps designed
to operate with Jet A can eliminate the problem at a reduced efficiency of
the overall system. In this case, until a suitable data base becomes
available, basic scaling parameters need to be used in order to dimension
pumps based on Jet A data.

One of the objectives of the scavenge system is to pick up liquid water from
the low points of the tank and to mix it with Jet A as it moves through the
Jet pump. The water is finely dispersed in Jet A, thus minimizing negative
effects of water in the rest of the fuel system. Compatibility studies of
AMK with water (reference 6) have shown a tendency of AMK to form a stable
precipitate when it comes in contact with water in liquid and vapor state.
The water compatibility tests reported in reference 6 show no changes in AMK
appearance or quality at low concentration levels, below the solubility
1imit. However, it 1is necessary to obtain a better understanding of the
interaction between water and/or precipitate with the various fuel system
components.

The objectives of this investigation were established as follows. (1) To
determine the performance of jet pumps with AMK fuel at ambient and Tow
temperatures. (2) To investigate techniques to improve the performance of
jet pumps with AMK fuel. (3) To evaluate the effect of water ingestion by
jet pumps on both the physical characteristics of the AMK fuel and on the
performance of the pump.
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APPARATUS AND INSTRUMENTION

Two different facilities were used to determine the performance of jet pumps
with Jet A and AMK fuels. During most of the effort, ICI batch blended AMK
was used. Limited tests with inline blended AMK were also performed during
a performance improvement study. A high pressure, motive flow facility was
designed and assembled. A schematic diagram of this facility is shown in
figure 2. A picture of the hardware components is shown in figure 3. The
motive flow is supplied from a pressurized tank. The induced flow is drawn
from a three-level tank designed to maintain a constant pressure head. The
total flow line has a siphon arrangement in order to maintain a constant
delivery pressure. The 1induced flow supply tank and the total flow
collecting tank were mounted on load cells in order to measure their
respective flow rates. Measurements were also made of the motive flow, tank
pressure and the suction pressure (Py-Py) by means of a strain gauge
transducer and a manometer, respectively Jsee figure 2 and 4 for pressure
and mass flow nomenclature). The output of the load cells and motive flow,
tank pressure transducer were recorded by a minicomputer based data acquisi-
tion system. The minicomputer software was designed to acquire data for one
minute and to process the data to give the mean values and rate of change
with %ime of the measured quantities. The suction pressure was recorded
manually.

The instrumentation and data acquisition technique in the high pressure,
motive flow facility were modified at the initiation of the performance
improvement study because the data acquisition computer was not available.
In these tests, the suction pressure was measured with a strain gauge
transducer. The suction pressure and motive flow pressure were recorded

manually. The induced and total flow rates were obtained by means of a
strip chart recorder.

Calibration data for the flow rate measurements were obtained prior to each
set of tests on both configuratifons. A 10-second settling time was allowed
between the start-up of the facility and the initiation of the data acquisi-
tion in order to minimize transient measurement noise.

A second facility was used to determine the jet pump performance at ambient
and low fuel temperatures. A schematic diagram of the facility is shown in
figure 4. The motive and induced flows were drawn from the same tank. The
temperature in the tank could be lowered to -509C. A DC-10 boost pump was
used to supply the motive flow. After going through the jet pump, the
flow was collected in the total flow tank, where a load cell was used to
measure the total flow rate. The motive flow pressure and the suctior
pressure were measured by strain gauge type transducers. The motive,
induced, and total flow temperatures were measured with thermocouples. The
computer based, data acquisition system was used to control the fuel cooling
process in the supply tank. This system was also used for data acquisi-
tion and reduction. The typical running time of the facility was one minute.
A sketch of the jet pump as installed in this facility is shown in figure 5.

AMK fuel samples were taken at different operating conditions of the jet

3
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pump. In the high-pressure, motive flow facility, the samples were obtained
directly from the total flow lire. In the boost pump configuration, samples
wer: obtained at the locations shown in figure 6. As indicated in this
figure, the AMK fuel quality was monitored in the supply tank. This was
necessary because the boost pump cooling flow was allowed to mix with the
rest of the fuel in the tank, thus, some degradation was expected.

The water tests were conducted in the high-pressure, motive flow facility.
For these tests a small syringe was added to the induced flow line as close
to the tank as physically possible, as indicated in figure 7. Approximately
50 cc of water was added to the syringe. The water and fuel pressure head
on the induced flow line were as close as possible. The tests were initi-
ated by setting a specified flow condition on the jet pump. After the flow
had been established, the water valve was opened, and the physical appear-
ance of the AMK was observed in the induced flow and total flow lines.
Samples were obtained of the total flow during these tests.

Most tests were done on J. C. Carter 60103-5 jet pumps as shown in figure 8.
These are the jet pumps used in the L1011 aircraft fuel system. Similar
pumps have been tested in other investigations (references 4,5). This pump
has a priming disc installed at the exit plane for self-priming. The
operation of a self-priming "jet pump with AMK fuel had not been tested
before. The priming disc results in some performance loss with Jet A
compared to the performance without the disc. Surface pressure measure-
ments were conducted on this pump. The location of the pressure tap are
shown in figure 9. A single pressure transducer was used for these measure-
ments. The different lines were multiplexed manually.

Two other jet pumps were tested during the performance improvement study.
Both pumps have the same geometrical dimension except for the motive flow
orifice diameter as shown in figure 10. Configuration 1 has 0.09 inch
orifice diameter and Configuration 2 has 0.12 inch orifice diameter. B8oth
jet pumps were made out of glass in order to conduct a flow visualization
study. A photograph of both glass jet pumps is presented in figure 1l.

Limited performance improvement studies were also performed on Allen
Aircraft Products Inc. jet pump model 68E108 supplied to JPL by the Boeing

Aircraft Company. Both batch and inline blended fuel< were used during this
investigation.

RESULTS

Jet Pump Performance

The measured performance of J. C. Carter 60103-5 pump is presented in figure
12. The results concerning the suction pressure (P7-Py) as a function of
the total volume flow rate are presented in this figure for both Jet A and
AMK. The results obtained in both facilities and at low temperature (-40°C)
are shown. The motive flow pressure was 29 +1 psig and was kept constant
throughout these tests. The measured motive flow rate was 0.9 GPM with Jet
A and 0.8 GPM with AMK. Thus a reduction of approximately 10 percent was

14




J. C. CARTER #60M03-5
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FIGURE 12. J. C. CARTER #60103-5 JET PUMP PERFORMANCE
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measured in the motive flow with AMK as compared with Jet A at the same
supply pressure.

The results presented in figure 12 show a significant reduction in the
performance with AMK. This reduction can be quantified by the measured
total or induced flow rate at a suction pressure of 2 psi. This suction
pressure is a typical value encountered by jet pumps during operation
. (reference 4). These results are presented in table 1. The high pressure
! driven primary flow gives significantly Tower performance with AMK as

compared to Jet A. The performance improves in the boost pump driven
. configuration particularly at low temperature. The results at room temp-

erature are in good agreement with the results of other investigations

(reterences 1,2,4). Low temperature results were not available in the
literature.

B Antimisting fuel samples were drawn during these tests in orde to determine
: the degradation characteristics of the jet pump. The AMK fuel samples were
; evaluated by filter ratio, cup, and flammability (FCTA) tests. These tests
b and these operating procedures are discussed in reference 6. The results
v, for the samples obtained in the high pressure driven primary flow are

presented in table 2. It is apparent that no significant degradation of the

AMK fuel 1s caused by the pump. Similar samples were obtained in the boost
. pump driven primary flow tests. These samples were characterized by filter
: ratio tests as shown in table 3. These results show significant degradation
" of the total flow sample as compared to the supply tank sample. Further-

' more, the supply tank samples show an increased degradation with time. This
' degradation can be attributed to the recirculation of the pump cooling fuel
. in the supply tank. Comparison of the results in the high-pressure driven

primary flow test and boost pump driven primary flow tests indicate that
N the degradatinn in the latter is entirely due to the boost pump.

Some observations were also made of the priming characteristics of the J. C.
Carter 60103-5 jet pump with both Jet A and AMK. The pump successfully
started with both fuels. However, pumping with AMK was siow to start with
' some air bubbles being trapped in the lines. These bubbles did not impair

the operation of the pump. This area was not further investigated during
the course of this investigation.

- Surf Pressure and F1 isualize*
Several tests were conducted in order to determine the origin of the
decreased performance of jet pumps with AMK as well as to propose design
changes in order to improve it. Surface pressure measurements (P) were
conducted on the J. C. Carter 60103-5 jet pump in the high pressure driven
facility. The results are presented in figure 13 for both Jet A and AMK.
Location of pressure taps are shown in figure 9. The measurements were
obtained at a motive flow pressure of 30 psi and suction pressures (P-Pp)
of 1.45 psi and 1.33 r~i for the ve. A and AMK tests, respectively. In the
results presented in 1.,gure 13, the local pressure has been normalized with
the suction pressure. The minimum surface pressure is found at the entrance
of the constant area section of the pump. This peak is 50 percent of

g the suction pressure with Jet A and only 10 percent with AMK. This
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reduction of the minimum pressure with AMK is accompanied by a s1gn1f1cant1y
lower pressure grad1ent throughout the entire jet pump.

The performance curves of the two glass jet pumps and J. C. Carter 60103-5

“are presented in figure 14. The glass jet pump with a 0.09 inch orifice
«iameter failed to provide any suction with AMK. Comparison of AMK perform-
*ance curves of J. C. Carter 60103-5 and configuration 2 with orifice
diameter of 0.12 inch show a significant increase of the total and induced
flow rates. At a delivery pressuFe of 2 psi, configuration 2 has a 136
percent increased total flow rate and 112 percent increased induced flow.
‘However, these increased flow rates are obtained in part due to a signif-
“icantly larger motive flow rate (147 percent higher). Both pumps have
comparable efficiencies of 2.7 percent and 3.1 percent at a delivery
_pressure of 2 psi for configuration 2 and J. C. Carter 60130-5 pumps,
?respect1ve1y The efficiencies of these pumps with Jet A at the same
‘delivery pressure are 11.9 percent for the J. C. Carter pump and 7.1
percent for configuration 2.

To further understand the mixing in a jet pump, flow pictures were obtained
with both Jet A and AMK in the glass jet pump (configuration 2). These
pictures are presented in figures 15 and 16 for Jet A and AMK, respectively.
Careful comparison between these two pictures show that while with Jet A the
dyed fluid covers the entire cross-section somewhere in the middle of
the constant area section, with AMK the dyed fluid does not fill the entire
cross-section within the length of the pump. Turbulent mixing, therefore,
is suppressed by the non-Newtonian properties of AMK fuel. This lack of
mixing results in a reduced surface pressure gradient as shown in figure 13

and consequently in a reduced suction and induced flow rate for a fixed
length pump as indicated in figure 12.

Water Ingestion

Water dissolution tests have been completed with batch blended AMK. A known
water flow rate was introduced in the induced AMK flow line. Visual
observations c¢f the f]ow field were conducted as the AMK-water mixture
passed through the pump. " Filter ratio tests were performed on the AMK fuel
«~prior to the test and on a total flow sample.

For this test the J. C. Carter #60103 pump was operated at an induced flow
rate of 0.5 GPM and a total flow rate of 1.5 GPM. The water flow rate was 2
cc/s, which gives water concentrations of 6.3 percent and 2.1 percent on the
induced flow and total flow lines, respectively. Even though the concen-
tration in the induced flow 1ine was three times higher than in the total
flow line, the water remained in the form of small droplets of a few
millimeters in diameter. In the total flow 1ine, however, phase separation
was observed (white precipitate). The precipitate did not impair the
operation of the pump. It did deposit on the total flow pipe internal
surface and was carried into the collecting tank. A sample was drawn from
the collecting tank. After the precipitate had settled, a filter ratio of
41.6 was measured on the clear fuel, The pre-test AMK (RMH-1-240) had a
filter ratio of 38.5. After the filter ratio test was completed, the filter
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used was inspected to determine the presence of precipitate. No precipitate
was observed.

These observations are in complete agreement with those reported in
reference 6. Thus, if pools of water are formed at the low points of an
aircraft fuel tank, the jet pumps in the scavenge system will provide the
necessary mixing (agitation) for the formation of precipitate. Fire
protection of this AMK-water mixture is not reduced as also reported in
reference 1 (FR - 41.6). However, as discussed in reference 6, the effect

of precipitate on other aircraft fuel system components needs to be
determined.

Performance Improvement Study

As suggested by the Jjet pump flow visualization study, improvement in
turbulent mixing with AMK was attained by increasing the length of constant
area mixing chamber. The study was performed on aircraft jet pump manu-
factured by Allen Aircraft Products Inc. (Model 68E108). Figure 17 shows
the induced pressure Py-P1 as a function of mass flow ratio my/p for Jet A
and AMK. where my is the total mass flow rate through the jet pump and mp is
the primary motive flow rate which was kept constant throughout Ehis
experiment. These tests were performed in the facility shown in figure 3.
Both batch blended and inline blended fuel data are shown. Jet pump
performance with inline blended fuel using JCK 16-95 slurry was poorer as
compared to batch blended material. This was expected because of superior
quality of JCK 16-95 blend (i.e., cup = 1.8/filter ratio = 83) as compared
to batch blended RMH-1-240 (i.e., cup = 3.2/filter ratio 35). The results
obtained with modified mixing chamber to improve jet pump performance are
shown in figure 18. The length of the constant area mixing chamber was
doubled from 1.0 inch to 2.0 inch without changing the primary nozzle and
mixing chamber diffuser geometry. It is evident from results shown in
figure 18, a 15 percent improvement in AMK mass flow transfer rate was
observed at a suction pressure of 2 psi. During this investigation,

however, no effort was made to optimize the geometry to obtain best jet pump
performance.

DISCUSSION

The results of these tests show a significant performance deterioration of
typical fuel system jet pumps with AMK fuel as compared with Jet A fuel.
The maximum suction pressure, the total flow rate, and induced flow rate are
all reduced with AMK. When degradation of the motive flow is avoided, the
induced and total flow rate are reduced by 52 percent and 35 percent,
respectively. These tests, however, are not realistic in that in an
aircraft fuel system the motive flow {s obtained from the high pressure
output of a pump which results in some degradation of the AMK fuel. Under
these conditions the tests show a somewhat better performance. Comparison
of the boost pump driven motive flow results between AMK and Jet A show
reduction of 32 percent and 23 percent for the induced and total flow,
respectively. Furthermore, in a typical flight the fuel temperature is
frequently below ambient. Tests show an additional improvement of the pump
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performance at low temperature. The performance reduction can be as low as
25 percent and 20 percent at -40°C in the boost pump driven motive flow
configuration for AMK as compared with Jet A.

The performance reduction with AMK fuel 1is due to the suppression of
turbulent mixing within the pump and the reduced motive flow. The flow
visualization picture presented in figure 16 clearly shows a typical laminar
jet behavior. The impiication of this observation is two-fold. On the one
hand the fuel does not encounter the high shear rates typical of a turbulent
flow. Therefore, little degradation can be expected. On the other hand,
the reduced rate of mixing results in a low pressure gradient within the
constant area section of the pump as shown by the surface pressure measure-
ments in figure 13. Consequently, for a fixed length pump, the peak
pressure in the pump is reduced. An increased length of the pump will
therefore result in a performance improvement as confirmed by the results
presented in figure 18. The surface pressure distribution results further
suggest that in order to achieve a peak pressure with AMK comparable to the
value found with Jet A, the length of the constant area section of the pump
should be increased by a factor of four. Based on this result, a mixing
chamber 1length-to-diameter ratio of the order of 20 is proposed for

undegraded AMK fuel as opposed to the value of 5 to 6 used in current jet
pump designs.

However, if the proposed increased length of the jet pump necessary to
improve its efficiency is not acceptable from a fuel systems point of view,
a second alternative is to continue using current Jet A designs but with
larger size in order to upgrade their performance with AMK fuel. This .
appears to be a better approach since the efficiency of jet pump motive flow
with AMK is only 8-10 percent lower than with Jet A under realistic aircraft
fuel system conditions and at low temperatures. In considering the actual
size increase necessary to satisfy a specific application, Jet A data can be
used with the following revisions: (1) the motive rate with AMK is reduced
by 10 percent, and (2) the efficiency of the pump with AMK is reduced by 30
percent below Jet A values. These figures are supported by the test
reported here as well as those reported in reference 4. They should be used
as a first estimate for jet pump sizing and to compute overall system
performance loss due to increased motive flow rate.

The priming characteristics of jet pumps with AMK fuel are also deteriorated
as compared with Jet A. However, standard techniques used with Jet A are
also useful with AMK, for example, a priming disc. As shown by our flow
pictures, gel formation with AMK fuel greatly reduces the flow rate back
into the induced flow line. Thus, a somewhat slower priming process occurs.
Even with Jet A, priming problems can be encountered depending on jet pumps
and system design. Somewhat more severe conditions can be expected with
AMK. However, similar techniques as used with Jet A can be used to circum-
vent these problems with AMK fuel.

Water ingestion tests with the jet pump confirmed the findings reported in
reference 6. Water droplets in the induced fiow line did not result in
significant precipitate formation. It is the mixing of those droplets at a
small scale that causes the formation of precipitate. The long term
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accumulation of precipitate and its effect on other fuel system components
may be cause of concern. The operation of the jet pump is not influenced by
precipitate formation.

CONCLUDING REMARKS

1. Jet pump performance with undegraded AMK fuel is significantly reduced
as compared with Jet A values. The performance reduction is 52 percent for
the induced flow rate and 35 percent for the total flow rate, both at a
delivery pressure of 2 psi.

2. Partially degraded motive flow typical of boost pump output results in
an improved performance. Comparison with Jet A gives a reduction of 32
percent and 23 percent for the induced and total flow, respectively, at the
same delivery pressure.

3. The performance of the pump with AMK at low temperature is better than
at room temperature. Comparison with Jet A gives a reduction of 25 percent

andozo percent for the induced and total flow, respectively, at 2 psi and
-40°C.

4. Flow visualization and surface pressure measurements showed signif-
icantly reduced turbulent mixing with AMK fuel. Based on these measure-
ments, it is estimated that a mixing chamber length to diameter ratio of the
order of 20 should be used with AMK instead of the value of 5 to 6 used for
pumps designed for Jet A fuel. This value may be reduced if the effect of
partially degraded motive flor is taken into account. Preliminary tests
showed 15 percent improvemer: 1in AMK Jet pump transfer rate when the
constant area mixing chamber length was doubled.

5. Larger jet pumps designed to operate with Jet A can also be used to
compensate for loss of performance with AMK. Performance characteristics
obtained for Jet A can be used in sizing the pump by using a 10 percent
reduction of the motive flow and a 30 percent reduction of the efficiency.

These are typical values based on the results presented here and in
reference 4.

6. Priming of jet pumps with AMK fuel is somewhat more sluggish than with

Jet A. The techniques used to avoid priming problems with Jet A also apply
to AMK fuel.

7. MWater compatibility is a challenging aspect of FM-9 AMK fuel. Results
show that large amounts of bulk water can be in contact with AMK without
formation of precipitate (emulsion). As soon as this mixture moves through
the jet pump, large amounts of precipitate are formed. This formation of
precipitate does not influence the operation of the pump or reduce the
antimisting quality of the fuel.




REFERENCES

1. Weitz, ?. G., "Commercial Aircraft Airframe Fuel Systems %urvey and
Analysis", DOT/FAA/CT-82/12, Interim Report, February 1982.

2. Timby, E. A. and Robinson, D.J.R., "BAC 1-11 Low Pressure Fuel System
and Component Performance Tests with an Anti-misting Fuel (FM9) at Ground
Level Ambient Conditions", RAE Technical Report 77183, December 1977.

3. Pardue, R. E., "Aircraft Fuel System Simulator Tests with Antimisting
Kerosene (Jet A fuel with FM-9 additive)", FAA-RD-79-52, May 1979.

4. Ching, F. Y. and Peacock, A. T., "Compatibility Study of Antimisting
Kerosene and the DC-10/KC-10 fuel System", DOT/FAA/CT-82/116, March 1983.

5. McConnell, P. M. et.al., "Aircraft Wing Fuel Tank Environmental
Simulator Tests for Evaluation of Antimisting Fuels", DOT/FAA/CT-84/15,
October 1984.

6. Yavrouian, A. H., Sarboluki, M. and Sarohia, V., "Influence of Liquid
Water and Water Vapor on Antimisting Kerosene(AMK)," DOT/FAA/CT-82/18,
February 1983.

30




APPENDIX A

STANDARD DISTRIBUTION LIST

Region Libraries

Alaska AAL-64
Central ACE-66
Eastern . ABA-62
Great Lakes AGL-60
New England ANE-40
Northwest-Mount ain  ANM-60
Western-Pacific AWP-60
Southern AS0-63d
Southwest ASW~-40
Center Libraries

Technical Center ACT-64

Aeronautical Center AAC-44.4

Civil Aviation Authority
Aviation House

129 Kingsway

London WC2B 6NN England

Embassy of Australia
Civil Air Attache

1601 Mass Ave. NW
Washington, D. C. 20036

Scientific & Tech. Info FAC
Attn: NASA Rep.

P.O. Box 8757 BWI Aprt
Baltimore, Md. 21240

DOT~FAA AEU-500
American Embassy
APO New York, N. Y. 09667

Headquarters (Wash. DC)

ADL~1

ADL-32 (North)
APN=~1

APM-13 (Nigro)
ALG~300
APA~300
API-~19

AAT-]

AWS-~1

AES-3

0ST Headquarters Librarz
M=-493.2 (Bldg. 10A)

University of California

Sers Dpt Inst of Trsp Std Libd
412 McLaughlin Hall

Berkely, CA 94720

British Embassy

Civil Air Attache ATS
3100 Mass Ave. NW
Washington, DC 20008

Dir. DuCentre Exp DE LA
Navigation Aerineene
941 Orly, France

Northwestern University
Trisnet Repository
Transportation Center Lib.
Bvanston, 111. 60201




ADDITIONAL DISTRIBUTION

Dr. Frank A. Albini
Northern Forrest Fire Lad
Drawer C

Missoula, MT 59806

Allied Pilot Assocliation
Equipment Evaluation Comm.
P.0. Box 5524

Arlington, TX 76011

Dr. S. J. Armour

Defense Research Establisment
Suffield ,

Ralston, Alberta

CANADA, TOJ 2NO

M. C. Ingham
Chevron Research Company
P.0. Box 1627
Richmond, CA 94802-0627

Don E. Buse

11B12AB

Phillips Petroleum Company
Bartlesville, OK 74004

William A. Callahan
ARCO Chemicals Company
1500 Market Street
Philadelphia, PA 19101

Michael Cass
Sundstrand Corporation
4747 Harrison Avenue
Rockford, IL 61101

Arthur V. Churchill
AFWAL/POSF
Wright-Patterson AFB
Ohio 45433

George A. Coffinberry
General Electric Company
1 Neumann Way

Mail Drop E-186
Cincinnati, OH 45215

A. Allcock

Department of Industry

Abell House, Room 643 :
John Islip Street, London /
SW14 LN ENGLAND

Dr. R. L. Altman

NASA ARC

M.S. 234-1

Moffett Pield, CA 94035

Robert Armstrong

B-8414 MS-9W61
Boeing Airplane Company
P.0. Box 3707

Seattle, WA 98124

Dr. D. E. Boswell

Quaker Chemical Corporation
Elm Street

Conschohocken, PA 19428

Paul Campbell
244 Green Meadow Way
Palo Alto, CA 94306

Dr. Homer W. Carhart
Naval Research Lab
Code 6180
Washington, DC 20375

B&M Technological Service
520 Commonwealth Avenue
Boston, MA 02215

Clayton F. Clark

Gulf 0il Chemicals Company
20506 Laverton

Katy, TX 77450

Captain Ralph Combariati
Port Authority of NY and NJ
JFX International Airport
Jamaica, NY 11430

Edward Conklin




Sikorsky Aircraft
North Main Street
CT 06602 ’

Mr. G. A. Cundiff
--General Blectric Company
3 Penn Conter Pla:za
Philadelphia, PA 19102

Frank Doyle

Systems Eng. Tech. Assoc.
601 Daily Drive, Suite 114
Camarillo, CA 93010

David W. Bggerding

AMOCO Chemicals Corporation
Research and Development
P.0. Box 400

Naperville, IL 60540

Anthony Fioremtino

Pratt § Whitney Aircraft
EB2G4

400 Main Street

B. Hartford, CT 06108

Kent Fisher
Lockheed California Company

Department 70-30, Building 90
P.0. Box 551
Burbank, CA 91520

Dr. Allen E. Fuhs
Department of Aeronautics
Naval Post Graduate School
Monterey, CA 93940

Y. Funatsu

All Nippon Airways

1-6-6, Tokyo Internat'l A/P
Ohta-KU, Tokyo 144

JAPAN

Ray J. Grill

TRW

1766 Sunset Drive

Richmond Heights, OH 44124

- g g e g

B. G. Corman

Bxxon Research and Stratford,
Bngineering

P.O. Box 4255

Baytown, TX 77520

- FAA Northwest Mountain Region

ANM-140S

17900 Pacific Highway South
C-68966

Seattle, WA 98168

W. Dukek
11 Ridge Road
Summit, NJ 07901

John H. Bnders

Flight Safety Foundation
5510 Columbia Pike
Arlington, VA 22204

F. Firth

Lucas Aerospace
Vannonstrand Avenue
Englewood, NJ 07632

Mr. Ken Foley
Hercules Inc.
Research Center
Wilmington, DE 19899

Dr. Gerald G. Fuller
Chemical Bngineering
Stanford University
Stanford, CA 9430S

Stanley Gray

Mechanical Technology Inc.
968 Albany Shaker Road
Latham, NY 12110

Lit S. Han

Ohio State University
206 W. 18th Avenue
Columbus, OH 43210




. . S e im -

M. Hardy

United Airlines

SFOEG, MOC

San Francisco Internat'l A/P
California 94128

Cyrus P. Henry

E. I. Dupont De Nemours
and Company

Petroleum Lab

Nilmington, DE 19898

Arthur Hoffman
American Cynamid
1937 W. Main Street
Stamford, CT 06904

Gary L. Horton _
Chemical Research Division
Conoco, Inc.

P.O. Box 1267

Ponca City, OK 74603

G. Jahrstorfer

Chandler Evans, Inc.
Charteroak Boulevard
West Hartford, CT 06110

Stanley Jones

Pan American World Airways
JFK International Airport
New York, NY 11420

Rob Koller

Rohm § Haas

727 Norristown Road
Spring House, PA 19477

Dr. John Krynitsky

Fuels and Petroleum Products
4904 Cumberland Avenue
Chevy Chase, MD 20015

Dr. R. Landel

Jet Propulsion Lab
4800 Oak Grove Drive
Pasadena, CA 91103

TWA, Inc,

Kansas City Internat'l A/P -
2-280

P.0. Box 20126

Kansas City, MO 64195

W. Hock

Grumman Aerospace Corporation
B 14 035

111 Stewart Avenue

Bethpage, NJ 11714

LCDR William Holland
Department of the Navy
NAIR 518

Naval Air Systems Command
Washington, DC 20361

Peter Meiklem

Civial Aviation Attache
3100 Massachusetts Ave., NW.
Washington, DC 20008

J. P. Jamieson

National Gas Turbine
Establishment

Pyestock, Farnborough, Hants

ENGLAND

John Kirzovensky

Naval Air Propulsisn Center
Code PE71

1440 Parkway Avenue
Trenton, NJ 08628

Robert J. Kostelnik
ARCO Chemical Company
3801 West Chester Pike
Newton Square, PA 19073

Dr. Karl Laden
Carter-Wallace, Inc.
Half Acre Road
Cranbury, NJ 08512

R. Laurens
Rolls-Royce, Inc.

1895 Phoenix Boulevard
Atlanta, GA 30349

Y NN WV WL O PWXTWR TR WA SO W AR e
Lt PR WENW LYY PV VEV._FEV.E IV AV oNE Y. A .. !




C. Scott Letcher
Petrolite Corporation
P.0O. Drawer X

Tulsa, OK 74112

Dr. Richard Mannheimer
Southwest Research Institute
8500 Culebra Road

San Antonio, TX 78284

James McAbee

ICI Americas, Inc.

Specialty Chemicals Division
Wilmington, DE 19897

Robert J. Moore
Shell Chemical Company
Box 2463

Houston, TX 77001

Warren D. Niederhauser
Rohm § Haas Company
727 Norristown Road
Spring House, PA 19477

Dean Oliva

Lockheed

Department 7475/Building 229A
P.0. Box 551, Plant 2
Burbank, CA 91520

James H. O'Mara

Rohm and Haas

727 Norristown Road
Spring House, PA 19477

Dr. Robert H. Page

Texas A§M University
College of Engineering
College Station, TX 77884

R. E. Pardue
Lockheed/Georgia Company
2599 Club Valley Drive
Marietta, GA 30060

Calgon Corporation

P. Longjohn

P.O. Box 1346
Pittsburgh, PA 15230

Charles McGuire

Department of Transportation
400 7th Street, SW. (P-5)
Washington, DC 20590

M. L. McMillan

G.M. Research

Fuels § Lubricants Department
Warren, MI 48090

Chief Scientist

Civil Aviation Authority
CAA House 45-59 Kingsway
London WC2B 6 TE !
ENGLAND

J. J. O'Donnell

Airline Pilots Association
1625 Massachusetts Ave., NW.
Washington, DC 20036

Dr. Robert C. Oliver

Institute for Defense
Analyses

1801 N. Bauregard Street

Alexandria, VA 22311

George Opdyke

AVCO Lycoming Division
550 S. Main Street
Stratford, CT 06497

Chris Papastrat

CEE Electronics, Inc.
8875 Midnight Pass Road
Ssrasota, FL 33581 i

Sam Paton

El Paso Products
P.0O. Box 3986
Odessa, TX 79760

m A e wm a w e M LR PR PR FUREPGR LA T AT O



A. Peacock

Douglas Aircraft Company
. 3855 Lakewood Boulevard
Longbeach, CA 90846

Dr. Andy Powell
_ Saudia - CC 836
P.0. Box #167
Jeddah

SAUDIA ARABIA

J. Romans

Hughes Association, Inc.
9111 Louis Avenue

Silver Spring, MD 20910

Charles Rivers
ICI Americas, Inc.
Wilmington, DE 19897

David P. Satterfield
Rothfuss Fire Protection
P.0. fox 97

Columbus, MD 21045

R. Hileman
Texaco, Inc.
Box - 509

Beacon, NY 12508

Barry Scott, ADL-31

P.0. Box 2§

NASA Ames Research Center
Moffett Field, CA 94035

Subhash Shah

Allied Chemical
Syracuse Research lab
P.0. Box 6

Salsbury, NY 13209

John Pull:kins

Air Products § Chemicals
Industrial Chemical Division
P.0O. Box 538

Allentown, PA 18105

Richard W. Reiter

National Starch § Chemical
Box 6500 :

10 Finderne Avenue
Bridgewater, NJ 08807

M. Rippen

Pratt § Whitney Aircraft
Government Products Division
P.0. Box 2691

West Palm Beach, FL 33402

Dr. V. Sarohia

Jet Propulsion Lab
M/S 125-159

4800 Oak Grove Drive
Pasadena, CA 91103

George Savins

Mobile 0il Research and
Developrent

P.0. Box 819047

Dallas, TX 75381

Forrest W. Schaekel
U.S. Army MERADCOM
Ft. Belvoir, VA 22060

Professor Valentinas Sernas
Rutgers University

College of Engineering

P.0. Box 909

Piscataway, NJ 08854

Dick Stut:

Sikorsky Aircraft
Bngineering Department
Stratford, CT 06602




Mr. Anthony Simone

Facet Enterprises, Inc.
Filter Products Division
434 W. Twelve Mile Road
Madison Heights, MI 48071

S. Sokolsky

Aerospace Corporation
P.0. Box 91957

Lus Angeles, CA 90009

Barry Stewart
0lin Chemicals
Bradenburg, KY 40108

Dr. Warren C. Strahle

Georgia Institute of Technology
School of Aerospace Engineering
Atlanta, GA 30332

Robert L. Talley
Falcon Research
1 American Drive
Buffalo, NY 15225

Joseph Thibodeau

Goodyear Aerospace Corporation
1210 Massillon Road

Akron, OH 44315

1. Thomas

Boeing Commercial Airplane Co.
P.0. Box 3707 05-41

Seattle, WA 98004

Dr. F. F. Tolle

Boeing Military Airplane Co.
P.0. Box 3707

M/S 4152

Seattle, WA 98124

R. Hugh Trask
Southland Corporation
849 Coast Boulevard
LaJolla, CA 93034

Hakam Singh, Phd.

Product Chen1ca1 and Research
Corporation

2920 Empire Avenue

Burbank, CA 91504

Dana Smith

ARCO Chemical Company

1500 Market Street, 32nd F1
Philadelphia, PA 19101

F. J. Stockemer

Department 74-758, Bldg 88 .
P.0. Box 551

Lockheed California Company
Burbank, CA 91520

Kurt H. Strauss
Consultant, Aviation Fuels
116 BHooker Avenue
Poughkeepsie, NY 12601

A. F. Taylor

Cranfield Institute of
Technology -

Cranfield Bedford, MX 43 OAL

ENGLAND

Air Transport Association
1709 New York Avenue, NW.
Washington, DC 20007

A. R, Tobiason

Air Transport Association
1709 New York Avenue, NW.
Washington, DC- 20006

Jerry G. Tomlinson

General Motors

Detroit Diesel Allisom Div
P.0. Box 894

Indianapolis, IN 46206

M. Trimble

Delta Airlines

DEAT 568

Atlanta Internat'l Airport
Atlanta, GA 30320




Robert Umschied
McSan.6

8709 E. Central
Wichita, KS 19328

J. F. Vikuski
Dow Chemical Company
1702 Building
Midland, MI 48640

Dr. G. J. Walter
Sherwin-Williams Company
501 Murray Road
Cincinnati, OH 45217

Paul Weit:

Simmonds Precision Instruments
Panton Road

Vergennes, VI 05491

Richard White

Denry White, Inc.
P.0. Box 30088
Cleveland, OH 44130

R. P. Williams

Phillips Petroleun

107 Catalyst Lab
Bartlesville, OK 74004

Jacques L. Zakin

Ohio State University

Dept of Chemical Engineering
140 ¥. 9th Avenue

Columbus, OH 43210

D. L. Garbutt

Resin and Process Development
United Technologies Inmont
4700 Paddock Road

Cincinnati, OH 45229

Major Hudson

Air Force Inspection and Safety
SEDM

Norton AFB, CA 92499

A-8

Ann Arbor, MI

E. Versaw
Lockheed/California Company

P.0O. Box 551

Burbank, CA 91520

Fred Waite

Imperial Chemical Ind. Ltd.
Paints Division

Wexham Road, Slough SL2 SDS
ENGLAND

H. Weinberg

Exxon Research and
Engineering Company

P.0. Box 45

Linden, NJ 07036

John White

National Transportation
Safety Board

800 Independence Avenue, SW.

Washington, DC 20594

Dr. S. P. Wilford

Royal Aircraft Bstablishment
Farnborough, Hants

GU146TD

ENGLAND

Ken Williamson

Facet Enterprises, Inc.
P.0. Box 50096

Tulsa, OK 74150

R. E. Zalesky

Lockheed California Company
P.0. Box 551

Burbank, CA 91520

David H. Fishman

Tech Planning § Development
United Technologies Inmont
1255 Broad Street

Clifton, NJ 07015

Dr. C. ¥W. Kauffman

The University of Michigan
Gas Dynamics Laboratories
Aerospace Engineerng Building
48109




‘St. Louis, MO

~ o

Dr. Barry Scallet
Annheuser-Busch
Central Research Inc.
P.0. Box 11841

- Clayton, MO 63105
‘Mr. J. I. Knepper

Petrolite Corporation
369 Marshall Avenue
St. Louis, MO 63119

Dr. James Teng, Ph.D.
Annheuser-Busch Corporation
1101 Wyoming Street

63118

Fred W. Cole
Director, Research § Development

* Facet Enterprises, Inc.

P.0. Box 50096

Tulsa, OK 74150

Terence Dixon

Boeing Aerospace Company
P.0. Box 3999 '
M/S 83-93

Seattle, WA 98124

James M. Peterson

Wallace Aircraft Division
Cessna Aircraft Company
P.0. Box 7704

Wichita, X§ 67277

Richard G. Thrush
Lear sioglor, Inc.
241 South Abee Road
P.O. Box 4014
Blyris, OH 44036

J. Donald Collier

Air Transport Association
of Americs

1709 New York Avenue, N¥W.

Washington, DC 20005

Richard J. Linn

American Airlines

MD 4H14

P.0. Box 61616

Dallas/Ft Worth A/P, TX 75261

.JFoter A. Stranges

N Perry

- Bawthorne, CA

United Technologies Res Ctr
1823 1 Street, NVW.

Suite 700

Washington, DC 20006

"G. Chris Meldrua

Texaco Co-gany
P.0. Box 430

Bellaire, TX

Kirklin
Mobil Research and
Development Corporation

Paulsboro, NJ 08066

George A. Cantley
Lear Siegler, Inc.
241 South Abbe Road
P.0. Box 4014
Blyria, OH 44036

John T. Eschbsugh

Alr Maze Incom Internationgl
25000 Miles Road

Cleveland, OH 44198

77401

B. T. Roockey :
Northrop Corporation
Alrcraft Division
One Northrop Avenue
90250

Peter D. Moss
American Hoechst Corporation

- Route 206 Northk

¥ieni, FL

Somerville, NJ 08876

David J. Goldsmith
‘Bastern Airlines
Wemi Intorg;ﬁ:ul Adrport

H. Daniel Smith

Mgr, Research § Development
Bnginoorod Fabrics Division
Goodyear Aerospace Corp
Akron, OH 44318



Richard R. Lyman

Lear Siegler, Inc.
Energy Products Division
. 2040 East Dyer Road
Santa Ana, CA 92702

C. C. Randall, P.E.
Lockheed Georgia Company
D72-47 Zone 418 '
Marietta, GA 30063

Captain A. S. Mattox, Jr.
Allied Pilots Association
12723 Brewster Circle
Woodbridge, VA 22191

G. Haigh

Air Canada

Air Canads Base, Montreal
International Airport

Quebec, CANADA H4Y 1 .C2

Ray Fitzpatrick :

South African Airways

329 Van Riebeeck Road

Glenn Austin Halfway House,1685
REPUBLIC OF SCUTH AFRICA

Stephen L. Imbrogno

Pratt § Whitney Aircraft Group
Governaent Products Division
M/S 711-52 '

West Palm Beach, FL - 33402

C. R. Goctzman

EI Dupont Company
Vetrochemicals Department
Wilmington, DE 19898

David Nesterok, ACT-2P
DOT/FAA Technical Center
Atlantic City, NJ 08405

Leo Stamler

Gull Airborne Instruments, Inc.
395 Oser Avenue

Smithtowne, NY

A-10

Clifford D. Cannon
Transamerica Delaval, Inc.
Wiggins Connectors Division
S000 Triggs Street

Los Angeles, CA 90022

T. Ted Tsue

Boeing Aerospace Company
P.0. Box 3999 -

M/S 45-07

Seattle, WA 98124

Dick Coykendall

United Airlines

‘San Francisco International
Airport

San Prancisco, CA 94128

R. Kassinger

Exxon International Company
Commercial Department

200 Park Avenue -
Florham, NJ 07932

Lou Brown, AWS-120

-FAA National Headquarters

800 Independence Avenue, SW.
Washington, DC 20591

Ronald Camp

“"BASF Wyandotte Corporation

1609 Biddle Avenue
Wyandotte, MI 48192

Dr. Thor Eklund, ACT-350
DOT/PFAA Technical Center
Atlantic City, NJ 08405

Rick DeMeis
126 Powers Street
Needham, MA 02192

Horst Rademacher
68 Myrtle Street
Boston, MA 02114



Steven L. Baxter

Conoco, Inc.

Chemicals Research Division
P.0O. Box 1267

Ponca City, OK 74601

-R. D. Pharby

Petro Canads
"Sheridan Park
Mississauga, Ontario
CANADA, LSK1AS

J. C. Clerc

Chevron Research Company
P.0. Box 1627

Richmond, CA 94802-0627

A-11

Robert L. Hoover

- ‘Box 10850 Cave Creek Stage

Phoenix, AZ 85020

. Young I, Cho, Ph.D.

Drexel University
College of Engineering
Philadelphia, PA 19104

®U.S. GOVERNMENT PRINTING OFFICE: 1986~605-071/40040

ey ey ey sy = 3= pm mnoms oo = - - .=



