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INTRODUCTION

A series of ignition and lean blowout tests were previously performed with a J85-21

combustor at the Naval Air Propulsion Center (NAPC). These tests were conducted bj‘,
at a constant air temperature of 241°9C (465°F) and fuel temperature of 18.3°C 1',7'
(65OF), but at air pressures ranging from 101 to 517 kPa (14.7 to 75 psia). Fuel flow ."E'
rates ranged from 0.94 to 19.95 grams/s (7.5 to 158.3 lbm/hr) using JP-5, Suntech A, .
and Navy distillate fuel (NDF). el

%
The results from these ignition and blowout tests will be correlated by NAPC ;&

personnel or their contractors using the characteristic time model.(1-5)*  One

-
critical parameter in that model is the Sauter mean diameter (SMD) or D39 of the \
fuel spray, which is a measure of average drop size. Fuel sprays are easier to ignite ::'.

"

¢ as the SMD becomes smaller. Atomization tests of the J85-21 fuel nozzle were 'g
performed at Belvoir Fuels and Lubricants Research Facility (SwRI) to determine [

. <.

[ this parameter for the characteristic time model. b

‘o |""

) o

b Thus, the objective of this program was to measure the atomization characteristics ':-
of the J85-21 atomizer using the same fuels and flow conditions as those used by

5. NAPC for the ignition and blowout tests. The test matrix including fuel properties, :_',.

'y . P . Ny
fuel flow rates, and air conditions was supplied by NAPC. The results of those ;
atomization tests are discussed in this report. -.
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X * Superscript numbers in parentheses refer to the list of references at the end of \.
this report. Ny
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EXPERIMENTAL APPARATUS ;

The J85-21 fuel nozzle atomization tests were carried out at the gas turbine 21-
combustor laboratory at Belvoir Fuels and Lubricants Research Facility (SwRI). . ot
This facility is capable of supplying air at flow rates up to 1.1 kg/s (2.5 lbm/s) at ‘;S:
temperatures to 8150C (1500°F) and pressures to 1620 kPa (235 psia). These K
conditions spanned those required to duplicate the test conditions used at NAPC for :::
the ignition and blowout tests. E:‘;E
o

The test section used for the atomization tests is shown schematically in Fig. 1 and

"

‘I .l
]
o

described in detail in Ref. 6. The test section consists of a type 316 stainless steel

pipe, 168.3 mm OD, 125.0 mm ID, 21.7 mm wall thickness, with quartz windows on ;:.; ‘
each side having a clear aperture of 92 mm by 67 mm. A smooth transition section Q,,; ,
55 mm long is provided on each end of the windows to reduce recirculation zones. .
Each window is purged by air on both top and bottom. Air is supplied to each frs‘:
window by a total of 10 tubes of nominal 0.635 cm OD and then diffused and ?‘;{}.
exhausted by a convergent section parallel to the window surface. The J85-21 fuel ;
atomizer was mounted about even with the upstream edge of the windows. Drop- .

size measurements were performed through the centerline of the spray at an axial e .

distance of 42.7 mm (1.68 in.) downstream of the atomizer tip. This dimension was
supplied by NAPC personnel and corresponds to the axial distance between the

atomizer and igniter in a J85 combustor. The fuel line was water-cooled to

maintain a constant fuel temperature of about 290C (85°F). T‘::E

N
Drop size data were obtained with a Malvern Model 2200 Particle Sizer based on :E}_
principles of forward light scattering or Fraunhofer diffraction. When illuminated ®
by a beam of monochromatic, coherent, collimated light from a HeNe laser, the :.E"
smaller drops diffract light at larger angles to the optical axis than the larger drops, }:? !
and a unique diffraction pattern is formed. Detection is accomplished with a 30- R )

annular ring set of solid-state detectors. Detector outputs are multiplexed and the
data signal averaged with a Commodore PET computer. A computer routine is used

to interpret the light-scattering pattern of the polydisperse drop systems and to

compute the drop-size distribution. The drop-size distributions are available in two _»,.-‘
general formats. For the first format, the size distribution is assumed to be ®
. . L] .l ,

monomodal (single-peaked) and to follow a Rosin-Rammler, log-normal, or normal N,
NN

distribution, at the choice of the operator. In the second case, no assumption is :::"\::
EAAL,

5 iy
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made about the shape or the number of peaks in the distribution. In that case,
called the model-independent analysis, the size distribution is presented as a
histogram divided into 15 size classes. A 300-mm focal length £/7.3 lens was used to
collect the scattered light. The laser beam diameter was 3 mm.

STAINLESS STEEL WINDOW PURGE AIR
HIGH PRESSURE/TEMPERATURE
TEST SECTION J
AIR FLOW L
g
J85-21 _

FUEL NOZZLE
PR

| @ pnlinditiin
fF7m = .

|

: j1! QUARTZ

.“ WINDOW

]
1) i
:n:

t
;:ii LLOCATION FOR DROP-SIZE MEASUREMENTS

]
jt N

\'_
WATER-COOQLED
FUEL FEED

Figure 1. High pressure/temperature test section

A standard J85-21 dual-orifice pressure-swirl atomizer was supplied by NAPC for
these tests. TABLE 1 shows identifying numbers found on the atomizer. The flow
rate characteristics of this atomizer were measured at SWRI with a Micro Motion
Model D6 (Coriolis-effect) flowmeter and are shown in Fig. 2. The abrupt change in
flow characteristics at a pressure differential of about 820 kPa (120 psia) is due to
the opening of the flow-divider valve and the resulting fuel flow to the secondary
nozzle of the atomizer. This corresponds to a mass flow rate transition point of
about 3.30 g/s (26.2 Ibm/hr). The flow characteristics shown in Fig. 2 agree closely
with those published by Oller, et al.(7)
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TABLE 1. Identification Numbers on J85-21
Fuel Nozzle Tested

1 S/N P 7367
71895 37751

99207
5007 T85P06
P
20t
Fuel —— JP5

Q)

10

m -

g -

o L

o °f
(0 4

; s
9

L 27
©
3

(' 1+

I

'5 ] L i L o4 eaal i i A s 2l —
10 20 50 100 200 500 1000 2000

Fuel Nozzle Pressure Drop (kPa)

Figure 2. Flow characteristics of J85-21 fuel atomizer

The fuels were supplied by NAPC and consisted of a standard JP-5, a high-energy
density liquid fuel (Suntech A), and a Navy distillate fuel (NDF) with properties as
specified in TABLE 2. The Suntech A had the interesting characteristics of a

Lo

viscosity similar to JP-5 but a surface tension and specific gravity closer to the

NDF.
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TABLE 2. Fuel Properties ..
NG
-~
Surface N
Viscosity Viscosity Tension Specific o~ '
at 40°C at 200C at 240C - Gravity A
Fuel (cSt) (eSt) (dyn/cm) (at 00 C) —
JP-5 1.56 2.17 27.56 0.8179 g
Suntech A 1.95 2.90 29.30 0.8628 N
NDF 3.24 5.24 29.70 0.8468 &
" The experimental test matrix, which was defined by NAPC, is shown in TABLES 3 j:-'
W (metric units) and 4 (common usage units). The chamber air temperature for these bt y
tests was specified by NAPC to be 241°C (4659F). The initial test conditions .8
Y. corresponded to those conditions that were used for the J85 combustor tests ,;-‘
1 }
! conducted at NAPC, As discussed in the Results section, there were problems .";:
interpreting the drop-size distribution data at elevated air temperatures for this ‘i
nozzle. Therefore, tests were also conducted at ambient temperatures but at an air
-m_ density equivalent to the high-temperature test condition. -
. <
N The equivalent air density test conditions at a temperature of 29°C (85°F) are also J
shown in TABLES 3 and 4. Note that for the higher pressure test conditions, the -9
Rt
: densities at the high- and low-temperature conditions are equivalent. At the two ‘: ;
: lowest pressure conditions, an equivalent density could not be obtained due to :::‘
‘< limitations of the combustor test facility. For these conditions, the densities at the : ]
ambient temperature test condition were higher than at the elevated temperature ®
' test condition. .'-\
o :;P.
v’ The test matrix shown in TABLES 3 and 4 includes the addition of an extra mass "_;5
oA
flow rate condition (3.30 g/s) beyond that specified by NAPC at each chamber
s .
5 pressure. This point was included to better define the drop size as a fun:ztien of :':
j mass flow rate, since it represented the transition point between operation of the }_
b fuel nozzle on primary-only and primary-plus-secondary flows. This point "\ A
: corresponded to a minimum for the average drop size at the various conditions, -
i e
K <
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| TABLE 3. Tests Conditions and Atomization Results &
, (Metric UnitS) :
| .'
| ' :*
Desired Test Actual Test !
Conditions Conditions Ny
at 241°C at 29°C
Fuel Sauter Mean Diameter "
Air Air Air Air Flow (micrometers) ; :
Pressure Densit Pressure Densit Rate )
(kPa) (kg/m3) (kPa) (kg/m3) (g/s) JP-5 Suntech A DFM n
517 3.53 303 3.51 1.35 77.4 129.2 155.4 €
517 3.53 303 3.51 1.60 62.2 78.8 99.5 ;x_r
517 3.53 303 3.51 2.10 48.0 55.2 65.2 TR
517 3.53 303 3.51 3.30 35.2 38.2 36.8 A
517 3.53 303 3.51 6.83 124.1 137.4 123.3 )
517 3.53 303 3.51 11.34 134.0 167.4 171.6 &'-';
517 3.53 303 3.51 19.95 101.7 122.7 127.6 .
oI
414 2.82 241 2.79 0.94 139.4 202.5 241.2 ‘;f-::
) 414 2.82 241 2.79 1.35 74.6 95.2 137.1 ~
414 2.82 241 2.79 1.60 60.8 81.0 97.7 o
414 2.82 241 2.79 3.30 33.1 35.6 36.3 ot
414 2.82 241 2.79 6.83 123.4 125.2 100.1
414 2.82 241 2.79 11.34 132.6 152.0 145.5 W,
414 2.82 241 2.79 19.95 109.0 116.2 119.8 F:
A
331 2.26 193 2.24 1.60 72.5 77.3 122.1 l‘:
331 2.26 193 2.24 3.30 39.1 36.5 40.7 A
331 2.26 193 2.24 6.83 90.8 129.6 101.6 )
331 2.26 193 2.24 11.34 99.1 149.5 159.6 DAY
331 2.26 193 2.24 17.22 88.8 88.0 95.2 N
331 2.26 193 2.24 19.95 90.9 87.6 104.5 \ﬁ:
Yy
207 1.42 138 1.60 0.58 335.8 395.0 336.8 WY
207 1.42 138 1.60 1.21 159.9 159.0 187.6 ®
207 1.42 138 1.60 3.30 38.9 34.8 42.8 oI
207 1.42 138 1.60 6.83 106.6 128.8 122.0 T
207 1.42 138 1.60 11.34 120.6 137.8 158.1 v
207 1.42 138 1.60 14.01 86.0 84.2 138.4 _: \
i
101 0.69 110 1.27 1.35 103.9 126.9 187.1 ]
101 0.69 110 1.27 1.60 76.9 96.4 132.9 NN
101 0.69 110 1.27 3.30 49.8 42.1 46.5 ::"_\
101 0.69 110 1.27 6.83 98.6 147.2 124.9 £ Q
101 0.69 110 1.27 8.61 125.2 180.0 143.6 - :\
101 0.69 110 1.27 11.34 84.6 152.8 170.1 A X
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TABLE 4. Test Conditions and Atomization Results
(Common Usage Units) y
R
Desired Test Actual Test ;~
Conditions Conditions Y,
at 465°F at 859F
Fuel Sauter Mean Diameter =
Air Air Air Air Flow {micrometers) M
Pressure Densit Pressure Densit Rate e,
(psia) (Ibm/ft3) (psia) (bm/ft 3) (g/s) JP-5  Suntech A DFM 2
4
75.0 0.219 44.0 0.218 1.35 77.4 129.2 155.4
75.0 0.219 44.0 0.218 1.60 62.2 78.8 99.5 §
75.0 0.219 44.0 0.218 2.10 48.0 55.2 65.2 Yo
75.0 0.219 44.0 0.218 3.30 35.2 38.2 36.8 ::
75.0 0.219 44.0 0.218 6.83 124.1 137.4 123.3 ~ v
75.0 0.219 44.0 0.218 11.34 134.0 167.4 171.6 &
75.0 0.219 44.0 0.218 19.95 101.7 122.7 127.6 @
o
60.0 0.175 35.0 0.173 0.94 139.4 202.5 241.2 <.
60.0 0.175 35.0 0.173 1.35 74.6 95.2 137.1 -
60.0 0.175 35.0 0.173 1.60 60.8 81.0 97.7 4,
60.0 0.175 35.0 0.173 3.30 33.1 35.6 36.3 -~
60.0 0.175 35.0 0.173 6.83 123.4 125.2 100.1 -
60.0 0.175 35.0 0.173 11.34 132.6 152.0 145.5
60.0 0.175 35.0 0.173 19.95 109.0 116.2 119.8 g
48.0 0.140 28.0 0.139 1.60 72.5 77.3 122.1 )
48.0 0.140 28.0 0.139 3.30 39.1 36.5 40.7 T
48.0 0.140 28.0 0.139 6.83 90.8 129.6 101.6 P
48.0 0.140 28.0 0.139 11.34 99.1 149.5 159.6 TF
48.0 0.140 28.0 0.139 17.22 88.8 88.0 95,2 ,
48.0 0.140 28.0 0.139 19.95 90.9 87.6 104.5 ;.j;
30.0 0.088 20.0 0.099 0.58 335.8 395.0 336.8 ;Z:-'
30.0 0.088 20.0 0.099 1.21 159.9 159.0 187.6 ®
30.0 0.088 20.0 0.099 3.30 38.9 34.8 42.8 orS
30.0 0.088 20.0 0.099 6.83 106.6 128.8 122.0 N
30.0 0.088 20.0 0.099 11.34 120.6 137.8 158.1 S.':
30.0 0.088 20.0 0.099 14.01 86.0 84.2 138.4 =
)
14.7 0.043 16.0 0.079 1.35 103.9 126.9 187.1 '
14.7 0.043 16.0 0.079 1.60 76.9 96.4 132.9 >
14.7 0.043 16.0 0.079 3.30 49.8 42.1 486.5
14.7 0.043 16.0 0.079 6.83 98.6 147.2 124.9 S
14.7 0.043 16.0 0.079 8.61 125.2 180.0 143.6 o
14.7 0.043 16.0 0.079 11.34 84.6 152.8 170.1 ::
‘\
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EXPERIMENTAL RESULTS

Drop-size measurements were performed initially for all three fuels for all
conditions listed in column 1 of TABLE 3 (metric units) and TABLE 4 (common usage
units). However, at the elevated air temperature of 2419C (4659F), gradients in
temperature and fuel vapor concentration caused the laser beam to be deflected
randomly in passing through the evaporating spray. This deflection resulted in

erroneous signals on the inner detectors of the Malvern laser-diffraction instrument.

A correction procedure was previously developed to overcome this problem.(s)

However, that procedure is only applicable for relatively fine sprays that are
monomodal (having one maxima in the drop-size distribution). When operating at
higher flow rates with flows through the primary and secondary nozzles, the sprays
were bimodal, quite broad in size distribution, and relatively coarse as can be seen
in comparing Figs. 3(a) and 3(b). The size bands shown in Figs. 3(a) and 3(b) are
defined in TABLE 5. Therefore, the correction procedure previously developed(s)
could not be applied accurately, and two alternative approaches to the experiment
were considered. (Note that the size bands listed in Table 5 are not of uniform
width, but rather, are logarithmically spaced and sized. To compensate for that, the

Ao S

EER AN
ﬂx}}ﬁi‘

»

weight distributions in Figs. 3(a) and 3(b) are expressed per unit micrometer of size

' ]
<~

range. Thus, for the weight percentages of Figs. 3(a) and 3(b) to sum to 100 percent,

h)

L

> 7

the values must be multiplied by the width of the size bands from Table 5.)

0 %

TABLE 5. Size ranges for Malvern Drop Sizer

i

A
WAy

Drop Size Drop Size Range
Band Number (micrometers)
lower
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DROP SIZE BAND

Figure 3(a). Drop-size distribution for J85-21 atomizer
operating on primary nozzle only (3.30 g/s flow of JP-5).
See Table 5 for definition of size bands.
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_: Pigure 3(b). Drop-size distribution for J85-21 atomizer operati e
. on primary and secondary nozzles (6.83 g/s flow of JP-5).
" See Table 5 for definition of size bands.
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First, SwRI has another drop-sizing instrument, an Aerometrics phase/Doppler E'
Particle Analyzer, that is not adversely affected by measurements in evaporating .;-
sprays. However, the existing test section does not allow sufficient optical access L
to use that instrument. Therefore, this first alternative was considered beyond the T"
financial resources of this program. S
The second alternative approach to the experiment was to perform the atomization v
tests at room temperature but at air densities matching those used at NAPC, '_‘_.:-
Previous tests at SwRI have indicated that initial atomization depends most strongly _?'_
on &ir density rather than air pressure or temperature.(g) This approach was ,.::."
selected as the most expedient and cost-effective solution to the laser-beam- =
steering problem caused by the hot gases. ;:'.; ;
oA
Drop-size measurements were repeated at room temperature (29°C or 85°F) with :'.~:
the air pressures adjusted to match the densities used for the NAPC tests. The N
resulting air pressures and densities are shown in columns 3 and 4 of TABLES 3 and :{:
4. Because of facility limitations, the air densities at the two lowest pressure :::E:
conditions could not be matched exactly to those used at NAPC. The measured .‘_:}'_-
Sauter mean diameter (SMD) for each fuel at each test condition is shown in o]
TABLES 3 and 4. These values represent the average of two repeat tests at the ':::j
290C (850F) test conditions. On the average the variability of the two .'}.-.;:
measureinents was approximately 6 percent of the mean value, ‘:::' A
These data are plotted versus mass flow rate for each fuel in Figs. 4 through 6. As ::-3
indicated in the figures, there are two distinct regions corresponding to the primary E&E
and secondary flow regions. At a mass flow rate below 3.30 g/s, flow is through the ::: ‘
primary nozzle only. In this region, the SMD decreases with increases in mass flow + “*
rate. Above a imass flow rate of 3.30 g/s, there is an increase in the SMD 2::;
corresponding to the point where fuel begins to flow through the secondary nozzle. _,:‘ )
With flow through both the primary and secondary nozzles, the fuel spray is actually E\_z ‘
bimodal or consisting of two distinct sprays (one primary, one secondary) each Cal.!
having a drop-size distribution and a characteristic SMD. Thus as the mass flow :.::".-,
rate increases and a greater amount of fuel flows through the secondary nozzle, the ;'
average drop size of the spray tends to be weighted toward the larger drops of the ,:j:'.'_
secondary nozzle. At much higher flow rates (10 to 20 g/s), the greater pressure e
S
R
10 :f,
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)
. drop across the nozzle results in better atomization of the spray from the secondary
)

: nozzle and a corresponding decrease in the SMD.
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Figure 4. Atomization characteristics of J85-21 fuel nozzle for JP-5
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Figure 5. Atomization characteristics of J85-21 fuel nozzie
for Suntech A
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Figure 6. Atomization characteristics of J85-21 fuel nozzle
for diesel fuel marine (DFM)

The bimodal nature of the drop-size distribution that occurs with {low through both
the primary and secondary nozzles makes the calculation of an SMD less precise. A
model independent drop-size distribution routine was used to calculate the SMD's for
these cases. Because of the bimodal drop-size distributions, data above the
transition flow rate of 3.30 g/s were likely to have a greater error associated with
the calculation of the SMD. Thus, fuel property effects and the effects of air

density or pressure on the drop-size distribution were more easily examined using

data from the primary nozzle only,

The effects of air density on the SMD for each fuel are illustrated in Fig. 7. In this
figure, the SMD's are plotted versus chamber air density for each fuel at mass flow
rates of 1.60 and 3.30 g/s. As indicated in the figure, the SMD decreased with

increases in air density. This effect was similar for each fuel and mass flow rate.

The data presented in Fig. 7 also indicate that there were differences in the drop
sizes of the spray from fuel to fuel. The NDF fuel had a higher viscosity than the
Suntech A or JP-5 and consequently had a larger average drop size. The Suntech A

had a higher viscosity and surface tension than the JP-5 and also tended to have a
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Pigure 7. Effects of chamber air density on atomization
characteristics of J85-21 fuel nozzle

Sauter Mean Diameter (um)
o pD

larger SMD. For the primary nozzle, these differences were greater at the lower

flow rates and almost nonexistent at the maximum flow rate for the primary nozzle.

The effect of fuel viscosity on the drop size of the fuel spray is illustrated in Fig. 8
for an air density of 3.53 kg/m3 and mass flow rates of 1.60 and 3.30 g/s. As
indicated by the figure, the SMD at the 1.60 g/s mnass flow rate increased from 62.2
to 99.5 micrometers as the viscosity increased from 2.01 to 4.5 cSt (at 250C). At
the 3.30 g/s mass flow rate condition, there was no significant difference in the
SMD's of the three fuels. This decrease of fuel property effect on atomization with

increased fuel flow rate is typical of many pressure-swirl atomizers.

Attempts were made to correlate the fuel property effects in the standard form of
SMD proportional to viscosity raised to a power, etc. However, the results shown in
Fig. 8 illustrate that the exponent depends upon the fuel flow rate, and has a larger
value (greater dependence of SVD on viscosity) at lower fuel flow rates. The simple
correlations with constant exponents are not applicable to this nozzle or many other
pressure-swirl atomizers.
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Pigure 8. Effect of fuel viscosity on the atomization
characteristics of J85-21 fuel nozzle

SUMMARY AND CONCLUSIONS

Drop-size measureinents have been completed and reported for three fuels and a
variety of air densities approximating those used at NAPC for ignition and blowout
tests. These data may be used in a characteristic time model to correlate ignition

and blowout test results. Because a dual-orifice atomizer was used in these tests,

there was a coinplex relationship between fuel mass flow rate and average drop size

(SMD).

Fuel effects on atomization were most significant at the lowest fuel flow rates on

the primary fuel nozzle. The diesel fuel NDF generally produced the largest drops,

the JP-5 the smallest, and the Suntech A was interimediate. The Suntech A had a

viscosity only slightly larger than JP-5, but the surface tension was close to that of
the NDF, These fuel effects are similar to those observed for other pressure-swirl

atomizers. Simple correlations of drop size with fuel properties were not possible

over the whole range of fuel Tlows,

The effect of air density m the wlomization process ~as clear for those conditions

where the primary nozzle only was operating. Under those conditions, increased air

.
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density caused a decrease in average drop size (SMD), i.e., better atomization. With

fuel flow through the primary and secondary nozzles, the repeatability and accuracy
of the measurements were not sufficient to evaluate the air density effect on

atomization.

RECOMMENDATIONS

The atomization data supplied in this report may be used by NAPC or one of
their contractors to correlate the results of ignition and blowout tests

previously performed at NAPC using the characteristic time model,

If further ignition or blowout tests are performed at NAPC, consideration

A

» l- .l‘ ', ~-

should be given to using a simplex (pressure-swirl) atomizer in place of the

e

standard dual-orifice atomizer used in most combustor designs. Alternatively

only one stage of a dual-orifice atomizer could be used. This would have the

advantage of providing a monotonic relationship between fuel flow rate and

‘.f ':’\"b":

the average drop size. Also, the spray characteristics would be more

A

repeatable if the variability associated with a flow-divider valve were

removed,

In modeling ignition processes, the fuel spray characteristics in the
neighborhood of the ignitor are inore critical than the overall spray
characteristics. Portions of the fuel spray are normally carried to the ignitor
by the air stream. SwRI has recently added a capability to measure spray
characteristics at a point, such as near the ignitor, through the aquisition of an
Aerometrics phase/Doppler particle analyzer. SwRI also has the capability of
modeling the process of the air stream picking up part of the fuel spray and
carrying it to the ignitor through the use of the FLUENT computer code.
These capabilities allow for a more precise evaluation of ignition phenomena.
(Consideration should be given to utilizing these capabilities for future ignition

studies.
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PROJ MGR, MOBILE ELECTRIC POWER
ATTN: AMCPM-MEP-TM I
7500 BACKLICK ROAD

SPRINGFIELD VA 22150

PROJ OFF, AMPHIBIOUS AND WATER
CRAFT

ATTN: AMCPM-AWC-R 1

4300 GOODFELLOW BLVYD

ST LOUIS MO 63120

CDR
THEATER ARMY MATERIAL MGMT
CENTER (200TH)-DPGM
DIRECTORATE FOR PETROL MGMT
ATTN: AEAGD-MMC-PT-Q
(MR CARLONE) 1
APO NY 09052

CDR

US ARMY RESEARCH OFC

ATTN: SLCRO-EG (DR MANN)
SLCRO-CB [

PO BOX [2211

RSCH TRIANGLE PARK NC 27709-2211

—

PROG MGR, TACTICAL VEHICLE
ATTN: AMCPM-TY 1
WARREN MI 48397

CDR

TRADOC COMBINED ARMS TEST
ACTIVITY

ATTN: ATCT-CA I

FORT HOOD TX 76544

CDR

US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN: STRGP-PW (MR PRICE) 1

BLDG 247, DEFENSE DEPOT TRACY

TRACY CA 95376-5051

PROJ MGR, LIGHT ARMORED VEHICLES
ATTN: AMCPM-LA-E 1
WARREN MI 48397

CDR
US ARMY NATICK RES & DEV CENTER

ATTN: STRNA-YE (DR KAPLAN) I
STRNA-U 1

NATICK MA 01760-5000
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CDR HQ
US ARMY ORDNANCE CENTER & US ARMY TRAINING & DOCTRINE CMD
SCHOOL ATTN: ATCD-SL-5 l
ATTN: ATSL-CD-CS 1 FORT MONROE VA 23651-5000
ABERDEEN PROVING GROUND MD
21005 DIRECTOR
. US ARMY RSCH & TECH ACTIVITIES
‘I CDR (AVSCOM)
‘ US ARMY FOREIGN SCIENCE & TECH PROPULSION DIRECTORATE
CENTER ATTN: SAVDL-PL-D (MR ACURIO) i
ATTN: AIAST-RA-ST3 (MR BUSI) 1 21000 BROOKPARK ROAD
b AIAST-MT-1 1 CLEVELAND OH 44135-3127
FEDERAL BLDG
CHARLOTTESVILLE VA 22901 CDR
US ARMY TRANSPORTATION SCHOOL
PROJECT MANAGER, LIGHT COMBAT ATTN: ATSP-CD-MS (MR HARNET) 1
VEHICLES FORT EUSTIS VA 23604-5000
: ATTN: AMCPM-LCV-TC i
K WARREN, MI 48397 PROJ MGR, PATRIOT PROJ OFFICE
o ATTN: AMCPM-MD-T-C 1
. HQ, US ARMY T&E COMMAND U.S. ARMY MISSILE COMMAND
ATTN: AMSTE-TO-O i REDSTONE ARSENAL AL 35898
o AMSTE-CM-R-O l
N AMSTE-TE-T (MR RITONDO) | CDR
“~ ABERDEEN PROVING GROUND MD COMBINED ARMS COMBAT
N 21005-5006 DEVELOPMENT ACTIVITY
" ATTN: ATZL-CAT-E 1
- CDR, US ARMY TROOP SUPPORT ATZL-CAT-A 1
~ COMMAND FORT LEAVENWORTH KS 66027-5300
- ATTN: AMSTR-ME !
- AMSTR-S 1 PROJECT MANAGER
- AMSTR-E 1 PETROLEUM & WATER LOGISTICS
AMSTR-WL 1 ATTN: AMCPM-PWL 1
‘ 4300 GOODFELLOW BLVD 4300 GOODFELLOW BLVD
: . ST LOUIS MO 63120-1798 ST LOUIS MO 63120-1798
N TRADOC LIAISON OFFICE CDR
0 ATTN: ATFE-LO-AV l US ARMY ENGINEER SCHOOL
N 4300 GOODFELLOW BLVD ATTN: ATZA-TSM-G i
ST LOUIS MO 63120-1798 ATZA-CD {
53 FORT BELVOIR VA 22060-5606
N, CDR
'-: US ARMY CUARTERMASTER SCHOOL PROG MGR, TANK SYSTEMS
-._'_ ATTN: ATSM-CD 1 ATTN: AMCPM-GCM-SM 1
}..r ATSM-TD | AMCPM-M60 {
) ATSM-PFS (MR ELLIOTT) 1 WARREN MI 48397
b FORT LEE VA 233801l
N CDR
-.::- CDR US ARMY MEDICAL BIOENGINEERING
> US ARMY LOGISTICS CTR R&D LABORATORY
- ATTN: ATCL-MS (MR A MARSHALL) 1 ATTN: SGRD-USG-M (MR EATON) 1
ATCL-C 1 FORT DETRICK, MD 21701
y <3 FORT LEE VA 23801-6000
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DIR
US ARMY MATERIALS TECHNOLOGY
LABORATORY
ATTN: SLCMT-M
SLCMT-EM (DR FOPIANO)
WATERTOWN MA 02172-2796

CDR
US ARMY ARMOR & ENGINEER BOARD
ATTN: ATZK-AE-AR
ATZK-AE-LT
FORT KNOX KY 40121

CDR
US ARMY AVIATION CTR & FT RUCKER
ATTN: ATZQ-DI

FORT RUCKER AL 36362

DEPARTMENT OF THE NAVY

CDR
NAVAL AIR PROPULSION CENTER
ATTN: PE-33 (MR D'ORAZIO)
PE-33 (MR P A KARPOVICH)
PE-31 (MR A KLARMAN)
PE-31 (MR J ZIDZIK)
PE-32 (MR MANGIONE)
PO BOX 7176
TRENTON NJ 06828

CDR

NAVAL SEA SYSTEMS CMD
ATTN: CODE 05M4
WASHINGTON DC 20362-5101

CDR

DAVID TAYLOR NAVAL SHIP R&D CTR

ATTN: CODE 2830 (MR SINGERMAN)
CODE 2759 (MR STRUCKO)
CODE 2831

ANNAPOLIS MD 21402-5067

CDR
NAVAL SHIP ENGINEERING CENTER

ATTN: CODE 6764
PHILADELPHIA PA 19112

CDR
NAVAL AIR SYSTEMS CMD

ATTN: CODE 53645 (MR MEARNS)
WASHINGTON DC 20361
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DEPARTMENT OF THE NAVY
HQ, US MARINE CORPS
ATTN: LPP (MAJ LANG)

LMM/2 (MAJ PATTERSON)
WASHINGTON DC 20380

PROJ MGR, M60 TANK DEVELOPMENT

ATTN: USMC-LNO

US ARMY TANK-AUTOMOTIVE
COMMAND (TACOM)

WARREN MI 48397

CDR

NAVAL AIR DEVELOPMENT CTR
ATTN: CODE 60612
WARMINSTER PA 18974

CDR
NAVAL RESEARCH LABORATORY
ATTN: CODE 6170

CODE 6180

CODE 6110 (DR HARVEY)
WASHINGTON DC 20375-5000

CDR

NAVAL FACILITIES ENGR CTR
ATTN: CODE 1202B (MR R BURRIS)
200 STOVAL ST

ALEXANDRIA VA 22322

COMMANDING GENERAL

US MARINE CORPS DEVELOPMENT
& EDUCATION COMMAND

ATTN: DO74

QUANTICO VA 22134

CDR

NAVAL AIR ENGR CENTER
ATTN: CODE 92727
LAKEHURST NJ 08733

CDR

NAVY PETROLEUM OFC
ATTN: CODE 43 (MR LONG)
CAMERON STATION
ALEXANDRIA VA 22304-6180

OFFICE OF THE CHIEF OF NAVAL
RESEARCH

ATTN: OCNR-126

ARLINGTON, VA 22217-5000
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DEPARTMENT OF THE AIR FORCE HQ AIR FORCE SYSTEMS CMD
, ATTN: AFSC/DLF ]
] HQ, USAF ANDREWS AFB MD 20334
ATTN: LEYSF (COL LEE) 1
WASHINGTON DC 20330 CDR !
SAN ANTONIO AIR LOGISTICS .
CDR CTR N
US AIR FORCE WRIGHT AERONAUTICAL  ATTN: SAALC/SFT (MR MAKRIS) 1
LAB SAALC/MMPRR 1
ATTN: AFWAL/POSF 1  KELLY AIR FORCE BASE TX 78241
AFWAL/POSL (MR JONES) 1
WRIGHT-PATTERSON AFB OH
45433-6563
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