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ABSTRACT

In the current study, the numerical method was established to predict the performance of a
solid rocket motor with two kinds of propellants. On the basis of a numerical study, an internal
ballistics analysis code was developed. To verify the internal ballistics analysis code two solid
rocket motors were manufactured and tested. The accuracy and applicability of the internal
ballistics code for dual-propellant solid rocket motor were verified by comparing the experimental

results with the numerical calculation.
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Nomenclature m : Mass
P : Pressure
Muw : Molecular weight VvV : Volume
Cp : Specific heat at constant pressure R : Gas constant
At Area
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Fig. 1 Smerch launch rocket system.
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Fig. 2 Internal ballistics analysis code.

Table 1. Input parameters for the internal ballistics

analysis.
Categories Unit Note
Burnin
J (psia,
rate inch/s)
coefficient
Strand burner
Burning .
(psia,
rate .
inch/s)
exponent
Burnin
J From an
i rate - experiment of
Properties correction P "
motor
Ofu factor
propellant
Propellant 3
. kg/m” | Measurement
density
Gas
K
temperature
Specific From CEA
heat at J/
constant | kg - K
pressure
Nozzle
. mm
throat Dia. From nozzle
Nozzle exit shape
. mm
Dia.
Design Thrust % Empirical
factors efficiency ’ factor
Initial . Empirical
psia
pressure factor
Initial free 3 From grain
m
volume shape
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Table 2. Properties of propellants. (e L
e ¢ g
Categories Unit Booster | Sustainer ||3 [ . |
propellant propellant D ousterProneIIam| |Sustalner Prunellam| ‘
Pt o | s | oo :
Burning rate (psia, | 4o 035 Lol e
exponent | inch/s)
P;Z}zsilg,m kg/m’ L1718 1800 Fig. 3 Concept of The Verification Motor.
Specific heat| 11475 | 11250 ZM . E%% sy waAuE
ratio shAth o] REME PR FFORE ol Z
Gas BEsta, 72 F3A Y da&Ee Aolrl M,
temperature K 3118 3,657 T FAAY dAavEe] EPH o dojyr =
Specific heat AASAT olEA AAY¥ EEb= Fig 3% &
at constant |J/kg - K 2,328 2,393 t}. o] Ao AAHo] 62X AiLT =Y
pressure F4e Ze dunge 34 8L 2w
dom F FRA Apolo] olvE YAAA A
7] #s ¥ dad de dartart A E A3tk F2E 9428 F 2E2HE daP
ol AE el A TR A2Vl A yee) §EEEE W3] sk B2 33
e AT b gloh 53y FXA e A AE Ao wlIEIYTE ol AivbreA A
] ot 2 FEHIE e Ades A a2uos AeHe dFE FaMA AU ¢
AsdSdd 9 = 7 Uk olHd Aee APE FAAZT =2 Yg9A= s A
TGEE 2R/ F71# 29 FRA Axddl % dstal A FFol gold 1 v}o] E(graphite)
Wes side sdsk= 497 2 & Aok o 2 Agslgon atvid o3 =Z2E @He
H3 ASole 27 FERIES AAFFRGE= e FAGELA =55 H2HH RES 2A
8 e go® dgste] side ste 2ol A dAsgT. meke] Awmile w2 AAYS
AHR AedSel © FoEge Ugs 44 o] gate] zPstgon Aduljo] tH=AHL
5 el F 27 ¥l dHH "ol o HE AAT7E Mxstgch
=2od 27 FEre ghe AARG o A2 Azdo] Ry FAA TAE 2HEH 1
o2 9Hsd ¥ F2 A% 4e F 2ok 2 #Rsm st Fol ol R =xal
271440 A= °F 100 psia®) FELE 3 AzHolY FUAE 22 FHst Az}
dEe s gubzgloz EAZ glon HE) %}
of A A HsAl FFHEAE A9 o] FEL
2 AR fldA dFd 27#2 4Hds 33 A2 @ e s v
z718] AT B FFE o ¢EEs Al Fig. 49} Zo] W% 84 Zza8e HA=s
ke FR7IEe] FFA Rt vlste v o 7] 9% ®EF 2718 AFste ARG LS
Z71gke] A FZ7| R AwEd A5 Sl sty o] AWE YeE Mn v wstgch
T 9Fe FA 4=k AFALAE A Agupfe] S FIko &
S ZAsdon A g 2EAS
32 A5& EEe A 3 Az AA ko] F8& ZAH3AT 974 AHEE
oA AR Y= iy T2 AT gaME DYNISCOAS] G831-101-3M =E-E,
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Fig. 4 The verification motors.

Table 3. Input conditions for internal ballistics analysis.

Categories Unit Value
Nozzle throat Dia. mm 24.95
Nozzle exit Dia. mm 24.95
Initial free volume mm® 1,416,803
Initial pressure psia 100
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Fig. 5 Pressure Results of Internal Ballistics Analysis
and Tests.
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Fig. 6 Thrust Results of Internal Ballistics Analysis
and Tests.
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Table 4. Comparison of tests and analysis.

Categories Exp. 1 | Exp. 2 | Analysis
Total impulse | 9567 | 9001 | 9,055
(N-sec)
Bum time of 1|y 50 | 149 | 149
boosting(sec)
Total burn time 373 37 383
(sec)
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