>
[ AFOSR-TR- 81 -0889 9
\/October 26, 1981 |
'(\oe
] S Interim Report o o C;‘ o\ 3
‘ P Covering the period 1 October 1980 to 30 Sgptember 1981 ~ e\,e \\%
-t Q X o
2 R
< |
E DETERMINATION OF THE COMBUSTION MECHANISMS OF ALUMINIZED PROPELLANTS %

By: J.P. Renie, H.M. Pressley, J.S. Lilley and J.R. Osborn ;

PRI T

3
Ly GranT SETOVERR

= pFesH-77-33F/
=

[~

School of Aeronautics and Astronautics
Purdue University
West Lafayette, IN 47907

o

Approved for publie release »
’

distribution unlimiteq




v,

R

S v

[ AFGSRTTR-

TION OF TMIS PAGE (Whon Dats Entered)

T RE ORT-DOCUMENTATION PAGE

T REAB INSTRUCTIONS "]

fo BEFORE COMPLETING FORM -~ '*

2, GOVT ACCESSION NO.

31 -0839

3. RECIPIENT'S CATALOG NUMBER

4 ¢£»22:kzz (2.9
% TITLE (and Subtitle)

. DETERMINATION OF THE COMBUSTION MECHANISMS
OF ALUMINIZED PROPELLANTS

5. TYPE OF REPORT & PERIOD COVERED
ANNUAL

1 OCT 80 - 30 SEP 81

hY

§. PERFORMING OG. REPORT 'NUMBER
a4

7. AUTHOR(s)
J. P. RENIE
H. M. PRESSLEY
J. S. LILLEY

J. R. OSBORN !

8. CONTRACT OR GRANT NUMBER(s)

AFOSR-77-3381

9. PERFORMING ORGANIZATION NAME AND ADDRESS
SCHOOL OF AERCNAUTICS AND ASTRONAUTICS

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

~ PURDUE UNIVERSITY | 61102F
WEST LAFAYETTE, IN 47907 : 2308/Al
11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPQRT DATE
oCT 81
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH/NA T3 NUMBER OF PAGES
BOLLING AIR FORCE BASE, DC 20332 10
4. MONITORING AGENCY NAME & ADDRESS(i: different from Controlling Olficé) 15. SECURITY CLASS. (of this report)
UNCLASSIFIED
15a, DECLASSIFICATION/DOWNGRADING
SCHEDULE ) '

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

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

18. SUI:PLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

COMBUSTION MODELING
AP BASED PROPELLANTS
ALUMINIZED PROPELLANTS

20. ABSTRACT (Continue on reverse side If necessary and identify by block number)

and nozzle regions.

DD., 52:“;3 1473 EOITION OF | NOV 65 13 OBSOLEYE

T

—§>This research project is concerned with determining the mechanisms governing
the formation and combustion of metal/agglorerate/metal oxide particles
throughout the solid rocket motor, that is, surface/near surface, cavity,
Also of concern is the influenue these particles

have on propellant combustion characteristics and motor performance. The
efforts of this past year were directed toward developing the experimental
equipment needed for determining particle size distributions at and near —
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the properlant surface. A solid propellant strand window bomb with a
controlled positioning device was constiucted and operated.

face of this equiYment with data recording and reduction equipment was
aser imagining device to be used to measure particle

_distributions is undergoing calibration tests.
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I. INTRODUCTION

The use of metalized solid propellants may lead to decreased motor effi-
ciencies due primarily to two phase flow 1osses. To be confident of the two
phase flow loss prediction information must be obtaihed regarding the particle

size and size distributions throughout the motor and nozzle.

I1. RESEARCH OBJECTIVES
The long range objectives of this research program are:

(a) To gain a thoroﬁgh understanding of the various mechanisms influenc-
ing the combustion of metal; that is, an understanding of the physi-
cal ahd chemical characteristics of the burning metal/agglomerate/
metal oxide particle as it leaves the propellant surface and traverses
the motor chamber and nozzle. This knowledge will lead to an accurate
determination of the metal/agglomerate/metal oxide particle size
and size distributions throughout the motor and a detailad descrip-
tion of the changes a particle undergoes as it transverses the

nozzle.

(b) To predict (based on the knowledge gained from the first objective)
motor performance and efficiency accurately and a priori based on

propellant composition, grain geometry, and motor size and geometry.

While the long range goals listed above are the ultimate research objec-
tives, the effort of this past year has been focused on the more immediate,
shorf term goals. The work has been devoted to tasks that must be completed
before accurate experimental data can be obtained.

More specificakipn-thergoads «of the fiscal::yean 198t experimental program
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(a) Design a medium pressure strand window bomb with two optical paths

Iobfor . s e b

90°.apart - one optical path for taking data and the other to

B

it

accomodate an optical sensing, laSer source, servo positioning i
* device for maintaining the bu~ning propellant surface stationary

relative to an inertial coordinate system.

(b) Test the strand bomb and servo controlled positioning device for
proper operation and determine the tolerances and capabilities of

the servo positioning system.

(c) Instrument thé strand bomb and servo controlled mechanism and

interface this equipment with a computer suitable for recording

and reducing experimental data.

?f (d) Demonstrate the capabilities of the laser imaging device that ?3

1 will be used to measure particle size distributions in the

Eg hostile environment of hot flow combustion products.
: (e) Perform an extensive literature review of small particle measur-
|

ing techniques to include, sampling, high speed photography, and '
holography.

III. STATUS GF RESEARCH EFFORT

A solid propellant strand window bomb with a servo controlled propellant |
positioning mechanism has been designed, constructed and operated. A diagram
of the strand bomb is shown in figure 1. Figure 2 shows a schematic of the
servo system.” The combustion bomb is a modified Crawford chimney bomb with
two optical axes. A schematic of the associated optics is shown in figure 3.
One optical axis is for observation of the burning strand and the other is
for detecting the burning surface of the strand. The bomb has been pressure

tested to 1000 psia.
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The bomb and control system are in piace and operational. The servo
system can accomodate a maximum burning rate of 1.47 in./sec. The entire
system has been operated at pressures up to 350 psia. The system has demon-
strated the ability to accurately measure burning rate and to maintain &
constant burning surface within +.007 inches. Further improvements in
position accuracy are expected when more experience is gained with the
equipment.

Data recording -and reduction are accomplished through the use of a
Digital PDP 11V03-L computer system. During an experimental run, data are
input to the ccmputer throﬁéh a Data Translation DT 1761 interface subsystem.
The DT 1761 performs analog to digital conversion on the data with sixteen
analog to digital channels available for inputting data to the computer. If
necessary, the incoming data can be stored in analog form on magnetic tape °
or in digital form on floppy disk. The computer system itself has 32 k bits
of main memory available and is supported by a Digital VT 100 CRT terminal

and a Printronix line printer.
The laser imaging device which will be used to measure particle size

distributions in the various experiments planned for this program is presently

undergoing calibration tests. It has been tested using stationary test tar-
gets of known size distributions. Accurate interpretation by the device of
these test target size distributions has been demonstrated. Further tests
of this nature with moving targets is presently underway.

The literature survey of small particle size measuring techniques is
nearing completion. Methods studied were sampling, photographic recording,
and holographic techniques. Special intarest was placed on holographic
measuring of small particles because of the potential for obtaining accurate

particle size distribution measurements using this method.
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9. Renie, J.P. and Osborn, J.R., "Temperature and Pressure Sensitivity of
Aluminized Propellants," AIAA Paper No. 80-1166, AIAA/SAE/ASME 16th
Joint Propulsion Conference, June 30-July 2, 1980, Hartford, Connecticut.

V. PAPERS IN PREPARATION

1. Renie, J.P. and Osborn, J.R., "Comments on Aluminum Particle Size, Agglo-

meration, and Acceleration Effects on Solid Propellant Burning Behavior,
to be presented at the 18th JANNAF Combustion Meeting, October 19-23,

1981. (A summary of the theoretical work conducted on the program).

2. Renie, J.P., Osborn, J.R., Corley, B.M. and Kobbeman, D.D., "Theoretical
Analysis and Combustion Modeling of High Burn Rate Propellants to Obtain
Low Pressure Exponeht Compositions", to be presented at the 18th JANNAF
Combustion Meeting, October 19-23, 1981. (The paper is concerned with
using the aluminum PEM for predicting the burning rate behavior of a

new family of propellants).

VI. STUDENT COMPLETING GRADUATE PROGRAM

M.E. Barger received her M.S. in the School of Aeronautics and Astrd-
nautics in May 1980 and is presently employed at the Air Force Rocket

Propulsion Laboratory.




. ) o = A T Ty it v
i i o B i g ik v ARt S b AR e S A S AN SR bl
o mug.im,;ﬂi«!qmmnamumlmmuﬁwwww . S MR i ; e o E-—

EXHAUST
VENT

N7

' / IGNITION WIRE E

q

s cbiaditalh

PRE S5 URE
TAP

QUARZT
= 7 WINDOWS
4 4

[ B P =

... JF 0 R T Y

PURGE FLOW ~ WINDOW
PLATE 1 i PURGE !
PROPELLANT 3

~—— GUIDE ;

kil oty

, B | TuRE
PROPELLANT . 7/

=l

ROPELLANT FEED ROD
COMBUSTION BOMB

o iy

PURGE
INLET

y/

Figure 1

R IR T NS
Sttt 1 mAem e LT X *




gk ol Sl T !__;,,..;..__J:__iﬂa__._i_._,.J.x_.,aaqnsq.é:ﬂl& AP T I AT _.
i 7 . . ° .
NI LSAS OAYN3S 40 JILYN3HIS
HOLON AMddns
39VLI0A
3Atua 01314
— dny |{voivuanasl | YOLOWN uDT NOILONa3
= - _
|  oaw3s 0AY3S OA¥3S ¥v39
][ sasns L s
~-1IN3IN340 ERLENEPEL) 4NVIT13d 0¥d
| 40133130 _._ i y3ISYT
_, -010Md L IN-3H
| ¥314 3uN1Y3IdV
1vI11d0

P e SR NS R




' I i . Jr—
[ e [
‘i

L RO Ty, AL AN

1

e

DILYN3HIS VIILdO

3714WVS
ANYI13d0¥d )

¥0153130 | -
010ud - 3¥NLYILY uz-ﬁmwan

31XY = m1 Lx<wo C _

ONINOVYL

431714

Figure 3

_ ano8
SMOGNIM OAN3S

Z1H84VN0

SIXy
NOILVAY3IS00

b i b sk J O S B

g bttt




