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PREFACE

This meeting, sponsored by the Joint Army-Navy-NASA-Air Force
(JANNAF) Performance Standardization Subcommittee, is held annually
to promote the exchange of technical information among governmental,
industrial, and academic gcientists concerned with the experimental
measurement, analytical prediction, correlation, extrapolation,

and flight confirmation of the performance of liquid and solid
propulsion systems.

e

The meeting was held February 14-15, 1980, at the Red Lion Imn,
in Sacramento, California.

Henry F. Hege
CPIA Representative
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. | MEETING SUMMARY

Y

I. The thirteenth meeting of the Performance Standardization Subcommittee

was held 14-15 February 1980, at the Red Lion Inn, Sacramento, CA. Welcoming
remarks were made by Dr Daweel George, AFRPL, Subcommittee Chairman. Mr M. Ditore,
ASPC, served as Program Chairman and coordinated meeting arrangements. A list of
attendees and the meeting agenda are presented in Appendices 1 and 2.

a sl

] *
v] II. PRESENTATIONS. Reproductions of the slides and handout material from the
3 ‘ meeting are given as Appendices 1 through 25 in the order that they appeared

on the meeting agenda.

ITI. GENERAL MEETING MINUTES.

& "~ A. The Solid Performance Program. The current version of the program,

- known as the interim version, is operational, and documentation is forthcoming.
Program objectives of predicting solid rocket motor delivered specific impulse
within +-0.5% and thrust and total impulse with +-3% are being met for the test
cases; however, a comprehensive program validation and verification are yet to
be accomplished. The Interim Version SPP

(1) can handle different size particles with particle impingement,
(2) 1includes a new particle size model and drag law, a new combustion
efficiency model, and a new throat erosion model;
> (3) provides extensive plots and an expanded summary page.
(4) Fully Coupled Transonic analysis (FCT).
{ Additional work is planned for the following modules:

. (1) Grain Design and Ballistics
(2) One Dimensional Kinetics

. (3) Two Dimensional Two-Phase Flow

i (4) Turbulent Boundary Layer

(G. Nickerson)
A status report on the FCT subprogram indicates:
F i ; - that for REGION I, (throat entrance region) the calculations work
A well and are reasonably reliable;
- that for REGION II, (around backside of nozzle nose cap) the
solutions are expensive and difficult to obtain.

These results indicate that the approximate transonic analysis should be used

- for parametric studies and the FCT for final performance prediction. (D. Coats)
« A variety of Kinetic Rate data was presented for review. (D. Coats,

s M. Salita)

~ The SPP approach to combustion efficiency, involving dimensionless

variables, was presented. The erosive burning options of the SPP were presented,
along with the various modelling efforts in progress; and the problem of scale-up
was discussed. (R. Hermsen)

The Grain Design/Internal Ballistics Module (GDB) contains four sub-
programs: three-dimensional, two-dimensional and axisymmetric grain configurations
and ballistics. The various features of the GDB and some examples of inputting
various motor grain geometries were presented. (Aopendix 9 ). (J. Lamberty)

l’ The latest version of the SPP, the "Interim" SPP, is available now, upon
written request to D. George, AFRPL. Requestors of the program should enclose a
' computer tape and state necessary tape specifications. The requestor will be




provided with: a copy of the program, the thermochemical tape, sample case
input and output, and a manual. Users are requested to offer feedback to

D. George. The next, "1980," version of the SPP is anticipated to be available
in the late fall 1980. (D. George)

B. One-Dimensional, Three-Phase, Flow Reacting Gas with Mass Transfer.
A description of the various particle size change mechanisms which this program
models was presented. Attention was focused on mass transfer. Presently, this
mechanism is based on a single component species (A10,H) and should be based on
multispecies. At present, there is no adequate set of screened reactions to go
with mass transfer. It was recommended that additional studies should be con-
ducted before including OD3P in the SPP methodology. (K. Hunter)

C. Experimental particle impact data, based on experiments now being
conducted for the first time, were presented for review. Usiqg a droplet
?eneratori it is feasible to obtain experimental impact data in nozzle flows.

Z. Chiba

D. The Space Motor Combustion Spin Effects include burnrate increase,
increased slag, and change in Isp. Motor analysis uncertainties include
particle density, particle size distribution, temperature gradient across the
particle on the surface, effect of gas flow and temperature after particle
deposition on inert surface, and particle propulsivity. (4. Brundige)

E. The effect of expended inerts/slag on performance may be taken into
consideration by utilizing the three proposed definitions of Isp, expressed
as: the propellant Isp, the delivered Isp, and the effective Isp. (J. Lamberty)

F. A description of the Burning Rate Anomaly Factor thought to be due
to propellant flow during casting was presented. Common terminology includes
BARF, hump effect and mound effect. (T. Kirshner)

G. The Particle Impingement Modelling discussion involved a review of
work from several years ago, and included a call for more current work in this
area. The smaller particles coated, and the larger particles eroded the nozzle.
Impingement has an important effect on thrust losses and must be considered
when designing an optimum contour. (W. Daines)

H. The Nozzleless Performance Program, currently under development at
ARC, will address the phenomena of erosive burning, grain deflection, and
combustion efficiency. Nozzleless motors operate at 65-85% of theoretical Isp--
increased efficiency is obtainable by using propellants with low pressure
exponent. In the erosive burning model, scaling effects must be taken into
account. (M. Procinsky)

I. SUBCOMMITTEE STATUS. Annual report, accomplishments, current task
areas, planned activities were presented. Appendix 19. (D. George)

J. Application of the constant fractional lag concept to kinetics and
mass transfer mechanisms was suggested. The premise is that from the nozzle
inlet to the throat various species lag by some constant fraction their equili-
brium value at the throat. This approach would substantially reduce computer
run time. The throat values would provide the initial conditions for full
computation in the supersonic region of the nozzle where mechanism behavior has
a significant effect on performance. A study should be conducted to determine
the effect on performance prediction accuracy by application of this concept in

the nozzle inlet region. (S. Cherry)
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K. There is a need to establish a standard set of Thermochemical and
Heats of Formation data and a methodology for distributing and keeping them
current. (D. George)

L. Efficiency Definitions were offered as a set of equations. It was
stressed that consistency of prooellant specie input within equations and
between programs is important. The "multi" Isp concept was discussed, i.e.,
delivered Isp, propellant Isp, and effective Isp. (D. Coats)

M. Boundary Layer Analysis. An improvement of Aerotherm’'s MEIT code
was described, which is consistent with TBL, but has added capabilities. The
MEIT shape factor should be improved. The code can handle rough or transpired
nozzles, which TBL cannot. (M. Salita)

Aerojet is conducting a boundary layer analysis using a finite difference
method, as opposed to an integral method, which was developed by Dwyer,
University of California, Davis, and comparing results with TBL. (M. Ditore)

N. A method of Vertical Force Test Measurement was presented, with the
observation that thrust vs time comparisons differ from horizontal to vertical
testing. (R. B. Runyan)

0. Various aspects of Digital Filtering Techniques were described,
including examples, techniques, and the effects of filtering. The caution was
offered to beware of the interaction of test equipment with an experiment.
Weighted averages may be used to smooth equipment oscillation effects. (R. Little)

P. A Three Dimensional Time Dependent Analysis was described. The
application involved a rotating nozzle, rotating coordinate systems, and a
chamber calculation with oscillating pressure waves. (J. Hoffman)

Q. A Static Test Panel--C. Beckman, M. Ditore, E. Landsbaum--was
assigned to investigate performance measurements, to examine what performance
parameters are currently being measured versus what parameters should be
measured. The need was stressed for performance analysis and tests to present
data in similar terms. See Action Item #5, p. 5 . (D. George)

R. Advanced Performance Methodology. The limitations of current pre-
dictive capabilities were enumerated, in part, and then followed by open forum
recommendations to accommodate anticipated future needs. These are the ability
to calculate, handle or more accurately predict the following:

large shock waves

gouging, uneven nozzle erosion
particle size

particle impingement effect
distributed combustion effect

more kinds of metals (Zirconium, Boron, Magnesium)
3-D grains

multiflow ballistics

occurrence of tin in zirconium

high energy propellants

temperature effect

up to 300:1 area ratio

nozzle submergence

ignition transient, thrust termination

(J. Levine)
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S. Meeting Comments. The procedure for papers worked well this year,
and the premeeting material contained most of the papers. During the meeting,
there should be less in the way of presentation and more in the way of discussion.
The 1981 subcommittee meeting tentatively will be arranged for by Chemical
Systems Division, Sunnyvale, CA, (R. Hermsen) in February 1981. (D. George)
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§ : ACTION ITEMS PERSONNEL*
A 1. 4rite the procedure for handling J. Lamberty

L

the analysis of expended inerts.

2. Chair a workshop on spin effects W. Brundige
of space motors (winter 1981).

3. Distribute write-up on Standard D. George
Method for Burn Rate Determination.

4. Establish a consistent data bank of D. George, C. Selph
thermochemical data and heats of

formation, and provide a mechanism

for its distribution.

5. Static Test Panel--to examine what C. Beckman, M. Ditore,
performance parameters are currently E. Landsbaum

being measured versus what parameters

should be measured. Where, how, and

how many measurements are appropriate?

How should the data be handled in its

reduction and interpretation?

Write a procedure for handling slag J. Lamberty, W. Brundige
analysis in rocket motors.

7. Provide write-up on reporting and J. Lamberty, W. Brooks
format of performance data from motor
test firings.

* First name on list should initiate action and coordinate with others
listed to resolve the action items.
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TRW/Redondo Beach
CPIA/Laurel
UT-CSD/Sunnyvale

Purdue Univ./W. Lafayette
KVB/Tustin

Thiokol/Elkton
UT-CSD/Sunnyvale
Aerospace/Los Angles
Thiokol/Brigham City
AFRPL/Edwards AFB
ARO/Arnold AFS

NOS/Indian Head
Thiokol/Huntsville

Aerojet Strategic/Sacramento
SEA/Santa Ana
ARC/Gainesville
MICOM/Redstone

ARO/Arnold AFS
Thiokol/Brigham City
Aerojet Tactical/Sacramento
TRW/San Bernardino
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i Appendix 2: Meeting Agenda
j v
g AGENDA
‘{ PERFORMANCE STANDARDIZATION SUBCOMMITTEE
FEBRUARY 14-15, 1980
i RED LION INN
, 2001 Point West Way
2 SACRAMENTO, CALIFORNIA
Thursday, February 14 Del Paso Room
08:30 A.M. Opening Remarks
D. George, PSS Chairman
AFRPL, Edwards, CA
08:45 A.M. Improved Solid Performance Program (SPP)
G. Nickerson, D. Coats--Software and Engineering Associates,
Santa Ana, CA ;
R. Hermsen, J. Lamberty--Chemical Systems Division, Sunnyvale, CA :
10:00 A.M.  BREAK
10:30 A.M. One-Dimensional, Three-Phase Flow Reacting Gas with Mass 3
Transfer i
S. Hunter--KVB Engineering,Tustin, CA 1
]
11:00 A.M. Particle Impact Erosion ;
Z. Chiba--Acurex, Mountain View, CA i
? 11:30 A.M. Performance Methodology Status Summary
o J. Hoffman--Purdue University, W. Lafayette, IN
Lo H
Ly 12:00 Noon  LUNCH
. 01:30 P.M.  Space Motor Combustion Spin Effects
.. W. Brundige--Thiokol/Elkton, Elkton, MD

BT

- 02:00 P.M. Expended Inerts/Stag Performance Procedure
J. Lamberty—Chemical Systems Inc., Sunnyvale, CA

02:30 P.M. BREAK

03:00 P.M. Burning Anomaly Rate Factor
T. Kirschner--Thiokol/Elkton, Elkton, MD

- 03:30 P.M. Particle Impingement Modelling/Performance Effects
W. Daines--Hercules Inc., Magna, UT

04:00 P.M. Nozzleless Motor Performance Mechanisms
M. Procinsky--Atlantic Research Corp., Alexandria, VA




ek

- P, B Bt Vo

o Lusiod A -

Friday, February 15 Del Paso Room
08:30 A.M. Annual Report and General Business
D. George, PSS Chairman
AFRPL, Edwards, CA

09:00 A.M. Thermochemical and Heats of Formation Data
J. Rendleman--AFRPL, Edwards, CA

09:30 A.M. Efficiency Definitions
D. Coats--Software and Engineering Assoc., Santa Ana, CA

10:00 A.M. BREAK

10:30 A.M, Boundary Layer Study
M. Salita--Thiokol/Wasatch, Brigham City, UT

11:00 A.M. Vertical Force Test Measurement for MX
Performance Measurements and Data Reduction
E. Turner, R. Little--ARO, Arnold AFS, TN

12:00 Noon LUNCH

01:30 P.M, Three-Dimensional Time-Dependent Analysis
J. Hoffman--Purdue University, W. Lafayette, IN

02:00 P.M. Advanced Performance Methodology
J. Levine--AFRPL, Edwards, CA

03:00 P.M. BREAK
03:30 P.M. Open Forum, Items of Opportunity, Future Plans
MEETING CHAIRMAN AND ARRANGEMENTS COORDINATOR:

M. Ditore
Aerojet Solid Propulsion Co.
Sacramento, CA -

MEETING_COORDINATOR:

H. F. Hege
Chemical Propulsion Information Agency
Laurel, MD

10
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Appendix 5: Improved SPP - Fully Coupled Transonic Module Status Report
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SPP FULLY COUPLED TRANSONIC MODULE STATUS

REGION | CALCULATIONS WORK WELL AND ARE REASONABLY

RELIABLE.

PROBLEMS STILL REMAIN WITH Recion 11 SOLUTIONS

ARE EXPENSIVE AND DIFFICULT TO OBTAIN.

RECOMMENDATION:
THAT THE APPROXIMATE TRANSONIC ANALYSIS BE USED FOR

PARAMETRIC STUDIES AND THE FCT MODULE BE USED FOR
FINAL PERFORMANCE PREDICTION.,
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Improved SPP - Kinetic Screening Study

Appendix 6:
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REACTIONS
HoHan2,
HeCLEHCY,
Ornenen2Q,
CO¢0sCO2,
ALCLeCLmALCL 2,
ALCL2eCL3ALCLS,
END TBR REAX
H200NHTH20+H,
COeONEC 240,

HCL ¢ONBH20eCL,
ALSHCLSALCL oW,
ALOOHCL®ALOCL*N,
ALCL*ON=ALOCL ¢,
ALOM*OnBNIAL D2N,
CLaoManCLeCL .,
ALCL2oWBALCL*HC,
LAST REAX

As1,09E18,
Anl  4SE22,
An3 22€22,
‘.2QS'E’SI
As3, 0E)0,
A.’.o:lb.

Aml,.14E9,
Ani,69ET7,
Asl 30ELS,
AaS.ElI.
As) ElL,
Aasl E1},
Azl Ell,
anl, 43€13,
‘.l.o‘l‘o

Nst,,
Ne2,,
N8,
~.°o°'
NED,S,
N=0,5,

N"‘O!o
NI.‘.S’
N=20,0,
Nsel,$,
Ns=0, S,
Na=0,§,
Nze«0,§,
Nuo,0,
Nee=0,%,

820,0,
8s0,0,
aso,0,
834,37,
0'0.00
880,0,

83,627,
BE=0,0650,
gs2,087,
885,673,
885,673,
885,619,
885,627,
881,152,
8ny 793,

JENSEN/JONES(1978)
JENSEN/JONES(1978)
JENSEN/JONES(1978)
JENSEN/JONES(1978)
ESTIMATE
ESTIMATE

JENSEN/JONES(1978)
JENSEN/JONED{1978)
JENSEN/JONES(19708)
ESTIMATE
ESTImaTE
ESTIMATE
ESTIMATE
JENSON/JONESL197S)
ESTINATE

Proposed Screened Reaction Set
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A Proposed Reaction Set For Kihetic Calculations

Appéndix 7:
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Improved Technical Elements for SPP
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Reduced surface -transpiration
5 Reynolds number, Re,

Comparison of motor data with erosive burning
- threshold predicted by Beddini. Region above
solid line is expected to have erosive burning.
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l Appendix 9: Grain Design and Internal Ballistics Module

GRAIN DESIGN
AND
INTERNAL BALLISTICS MODULE

el

e T e e b

J. T. LAMBERTY

UT-CSD SUNNYVALE, CA




3 MAIN PROGRAM
i READ $GDB
» NAMELIST
| (SEE BELOW)
| —< B=1 <
8 IBiﬁéb, 2, 3
. ¥ I@ .
AXISYMMETRIC 2D 3D
GRAIN GRAIN GRAIN
v IDESGN = 1 IDESGN = 2 IDESGN = 3
IB= 2, 3
v
A
>— BALLISTICS
IB=0
{ '
! o €—
*L--- IB = 3 —>—
RETURN
PARAMETER VALUE SIGNIFICANCE
IB 0 GRAIN DESIGN ONLY
B 1 BALLISTICS -ONLY
IB 2 GRAIN DESIGN & BALLISTICS
IB 3 COUPLED SOLUTION
. IDESGN 1 AXISYMMETRIC GRAIN
! IDESGN 2 2D GRAIN
1 IDESGN 3 3D GRAIN

!
|
|
)
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100
200

300
400
300

600
700

800

900

1000
1100
1200
1300
1400
1300
1600
1700
1800
1700
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
37200
3800
3900
4000

LIFRAM GRAIN DESIGN FILE

$6DB IB=0,IDESEN=3, ILIST=0, oEyp
IRR BOOSTER/ 4 FIN FINOCYL DAK 1/8/80
$CASE ZR=0.,0., .08,1.0, .1,1.3, .15,1.6, .2,1.92, .3,2.2, .42,2.5,

«52,2.8, .468,3.08, .8,3.38, 1.0,3.63, 1.25,3.9, 1.45,4.08,
1.70,4.102, 42.88,4.102, $END

S$INPUTY JUN=13, JN1=12, PHAX=45,8END @ OF SURFACES AND ANGLE OF SYMNETRY

$INPUTI DELTA=28+.1,5+.01,EP323.,4END UEB STEPS AND ACCURACY

$INPUTS NSFC=1,1TYPE=2,IANGLE=1,THETA=0.,PHI=0.
X=.79,Y20.,2=.5,R=.79,.5,UNIN=0. ,UNAX=45.,
UNIN=-65.,UNAX=0. ,$END HEAD FILLET TORUS
$INPUTS NSFC=2,I1TYPE=4,X=0.,0.,Y20.,0.,2=.5,29.88,R=1.29,
UNIN=0.,UNAX=45.,VNIN=0.,UNAX=29.38, $END MAIN CYLINDER
$INPUTS NSFC=3,ITYPE=2,IANGLE=1,X=4.102,Y=0.,2Z=29.68,
THETA=90.,PHI=90. ,R=3. 185, .375,UNIN=90. ,UNAX=134.,
VNIN=Q.,VNAX=180.,$END FIN TORUS 1
$INPUTS NSFC=4,ITYPE=2,IANGLE=1,X=-2.325,Y=0.,2=34.09, THETA=90. ,
PHI=90.,R=5.752,.375, UNIN=-90, ,UNAX=-46.,VNIN=0.,
VNAX=180.,$END FIN TORUS 2
$INPUTS NSFC=5,ITYPE=4,X=3.425,3.425,Y=0.,0.,2=36.09,42.88,
R=, 375,UNIN=0. ,UNAX=90.,VNIN=0.,UNAX=8.,
$END SMALL FIN GROOVE CYLINDER
$INPUTS NSFC=6,ITYPE=3,X=0.,Y=.375,2229.88, IANGLE=1,THETA=90. ,

PHI=90, ,UNIN=-14,,UNAX=0.,VNIN=-3,425,VKAX=0.,8END FIN SIDE PLANE

$INPUTS NSFC=7,ITYPE=4,X=0.,0.,Y=0.,0.,1=29.88,39.93,R=1.29,
UNIN=0.,UNAX=45.,VNIN=0.,UNAX=11,,8END SECOND CYLINDER

$INPUTS NSFC=8,ITYPE=-3,X=0.,Y=0.,1=39.93, ANGLE=1,THETA=0.,
PHI=0, ,UMIN=1.29,UNAX=1.71,UNIN=.712,VNAX=1.210,
SEND NOZZLE VERT PLANE 1

$INPUTS NSFC=9,1TYPE=2, 1ANGLE=1,THETA=0.,PHI=0.,X=20.,Y=0.,2=39.93,
R=1.71,0.,UNIN=0.,UNAX=43, ,VKIN=-90.,VMAX=49.,
SEND NOZZLE CORMNER TORUS 1

$INPUTS NSFC=10,ITYPE=5,X=0.,0.,Y=0.,0.,2=39.93,41.98,R=1.71,3.5,
UNINSO.,UNAX=45,,$END NOZZLE CONE

$INPUTS NSFC=11,ITYPE=2,IANGLE=1,THETA=0.,PHI=0.,X=0.,Y=0.,Z=41.98,
R=3.5,0.,UNIN=0.,UNAX=45, ,UNIN=-41,,VMAX=0.,
$END NOZILE CORNER TORUS 2

$INPUTS NSFC=12,ITYPE=4,X=0.,0.,Y=0.,0.,2=41.98,42.88,R=3.5,UNIN=0.,
UNAX=45. ,UNIN=0.,VNAX=2, ,$END NOZZLE CYLINDER

$INPUTS NSFC=13,ITYPE=~3,X=0.,Y=0.,7=42.88,IANGLE=1, THETA=0.,PH]I=0.,
UMIN=3.5,UNAX=4,102,VNIN=0.,VNAX=2.90,8END NOZZLE END PLANE 2




! | LIFRAM BALLISTIC FILE

‘v ' ,ﬁ—l... A
t‘ ——
g

{ 100 $GBB IB=1,$END
200 IRRFIN IRR BOOSTER +1435 +3SI1G 1/4/80

; 300 SDALPAN DPT=1.96,PIN=25.,PFINAL=14. ,UED=2.81,VIN=349.24,ETA=.9348,
- 400 R1000=.7938,NEXP=,4,R6=49,.97,C8TAR=3057.78,RN0P=,0661,6AN=1.13,TF=46623.,
» 300 DEs6.96,PAs14.7 ,PERCNT=10.,EBTYPE=1 ,NBS=0,NPT=2,N}=19,DETA=70,,PLT=22,$END

600 SPTIME XY=0.,.01, .6,.02, DVTAIL=.005,5TINE=10,9END
700 SPLOTTS IPLOT=1,1,0,0,PSCALE=.3,JPLOT=1,$END

800 SEROS KODE=?,XY=0.,0., .05,0., .1,25., .15,31., .5,32.3, 1.,33.5, 1.5,34.8,
900 2.0,36.1,2.6,37.,2.95,35.3, 3.05, 0.,8END

1000 $APORT RPORT=1.29,8END
1100 $APORT XY=0.,12.32, 2.81,52.81, S$END

1200 $BEPS ABURN=1,APORT=1,ALFA=,15,LN=.3,$END HEAD FILLET TORUS

1300 $BEPS ABURN=2,APORT=1,ALFA=.15,LM=5.88,8END NAIN CYLINDER

1400 $BEPS ABURN=2,APORT=1,ALFA=.13,L8=5.88,$END 5 ELENENTS OF 1 SURFACE
1500 $BDEPS ABURN=2,APORT=1,ALFA=.13,LN=5.88,$END

1600 $BEPS ABURN=2,APORT=1,ALFA=.15,LN=5.88,$END

1700 S$BEPS ABURN=2,APORT=1,ALFA=.15,LN=5.88,8END i
1800 $BEPS ABURN=1,APORT=2,ALFA=.15,L#=2.,%END FIN TORUS 1 |

1900 $BEPS ABURN=4 ,APORT=2,ALFA=.15,LMN=4.,9END FIN TORUS 2 1
} 2000 $BEPS ABURN=5,6,7,APORT=2,ALFA=.15,LM=1.6,8END 5 ELENENTS OF 3 SURFACES (

2100 $BEPS ADURN=3,6,7,APORT=2,ALFA=.15,LN=1,6,4END FIN GROOVE CYLINDER,
2200 $BEPS ABURN=D,6,7,APORT=2,ALFAs.15,LN=1.6,8END SIDE PLANE,

2300 $BEPS ABURN=5,8,7,APORT=2,ALFA=.15,LN=1.6,8END AND TOP CYLINDER
2400 SBEPS ABURN=3,48,7,APORT=2,ALFA=.15,LN=1.6,8END

2500 $BEPS ABURN=8,APORT=2,LM=.1,$END NOZILE VERT PLANE 1

2600 $BEPS ABURN=9,APORT=2,LN=.2,$END NOZZILE CORNER TORUS 1

2700 $BEPS ABURN=10,APORT=2,LN=2.05,$END NOZZLE CONE &
2800 $BEPS ABURN=11,APORT=2,LM=.2,$END NOZZLE CORNER TORUS 2 §
2900 $BEPS ABURN=12,APORT=2,L¥=.9,$END NOZZLE CYLINDER 5
3000 $BEPS ABURN=13,APORT=2,LN=.1,9END NOZZLE PLANE 2




Pl oy AR n

AXISYMMETRIC GRAIN

N

Set up for Grain Design and Ballistics (Sequential Solution)

100 $GDB IB=2,IDES6N=1,$END
200 TEST CASE FOR AXISYMMETRIC GRAIN

300 SCASE IR=0,2, 0,3, 1,6, 20,6, 21,5, 21,2,$END

400 SGRAIN ZR=0,2, 15,2, 14,4, 15,4, 14,2, 21,2,
500 ARC=0,0,1,0,0,$END

600 $STEP DELTA=22¢.2,$END

700 AXISYNMETRIC TEST CASE

800 $BALPAN DT=1.13, PIN=18, UEB=4, VIN=25t, ETA=.96, R1000=,39S,
900 NEXP=.25, RG=56, CSTAR=3264,RHOP=.063, 6AN=1.18, TF=46100,
1000 EIN=B, BETA=70, PA=14,7, PERCNT=10, EBTYPE=1, NM=3, NBS=0,
1100  PFINAL=14,9END

1200 SPTINE XY=0,.02, .1,.1, .2,.2, DTAIL=.02, DURATN=20, STIME=1,$END
1300 $EROS KODE=7, XY¥=20,2, 50,2,$END

1400 S$BRWULT X¥=0,1.5, 4,1.5,8END

' 1500 $BEPS ABURN=1, APORT=1, BRNULT=1, LN=15,8END
ﬁ 1400 $DEPS ADURN=2,3,4, APORT=1, LN=1,$END
1700 $BEPS ABURN=3, APORT=T,BRNULT=1,$END
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