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Analytical Study on the Launching System
with Gas Generator

Jong-Ryul Byun*

ABSTRACT

In this study, a technique has been developed to analyze the performance of the launching
system using a gas generator of solid propellant. The physical model which described the
thermodynamic behaviors of all launching devices from gas generator to canister and the
dynamic behavior of missile was established, applying the empirical coefficients in the heat
loss model. The processes of combustion, flow, and heat transfer inside the chamber of gas
generator and the launching system were simulated by numerical method. The theoretical
analysis guided the optimal design of gas generator and system, which made the launching

system satisfy the requirements of good performance and high reliability.
= =

B dPore 12 FAAY sta HAVE o] &3 dAA 2Hle] tidle HH A5 3
stk Tt vl A BALEAAA] B BARER] UiRe 998H Asd fAREe] FHAS
ety Z2HA 2dE FHIPT, &4 2dg FJEaAdt DA 2]F spadg ] WY
A4, A% 2 93 HHo] £x3< W] o] BAIHAG. B ATl AAE ol& A 3
AEPH S B3] AFE WALA|AE S Ae Q7RAY AHAL DEA|FE JI2EAE )9 Al 2E 9
A=A A 248 =&

JleadH s : friction coefficient
d : diameter
a : acceleration E : internal energy
A : area Fi : friction force
C : specific heat(C,,Cv,Cw) g : gravity

T Zwrapsld gt A (Agency for Defence Development)



H5# M35, 2001. 9 2HAEMMD| SARAIA SO CHEE SHAMA AT 53

H  : height A& AR B E = o] FEEH Q)
h . enthalpy, heat transfer coefficient A Al g Aol vR e FEE FH A48
m  : mass 7] fl8 3E HIHH L TREol Hast
1 . length I, sgoew Qs WAAs H4A =FEoh
p : pressure olofz iy AEZAIAHE AREgH HARLAE
Q  : heat loss Hrel 3t MRz 2e glom @Al A
R : gas constant 9] &8 HAa3E £ dJde AHE 2z Yo}
Re : Reynolds number, oud/y 53] @AM X AXe BHoz s
T . temperature AXEE g EAEA Y FRE GESAE
t : time AE Bk ol AY EE HAMRAE A AF
U : velocity &8 & UG
v : volume APEEAPE A2 3 A] F-A st 77} R
@ @ mass ratio of air in mixture A e shRe] EHE FAM e
y  : specific heat ratio of BAE 712 dEgo] fFrehg "ol 24
¢  : launching angle e, o2l 4g3e Hlgo] FEEY A&
A : heat conductivity s #Haoh gepx 7p2RAA7) 9 I
¢ @ viscosity WelA dojuhs 298 o] g 34
0 : density o] @}
& : heat loss coefficient Yang Tao5"2 ole] EAE ALEA717] 4
EH 4% 1¥ ZAREE AL 483 g
& X} d 4984 29 sAdns vastgo. CT.
Edqulst‘:z)o 7t A 7| E o] &3t WALAA] O
a : air, atmosphere et oA &4 2dg g5l FHI 2
c : canister ot AEAnE v watgdch CT.Edquist’& Al
cr  : critical condition EA 2o YzteE ALEE WEs/Ee 9
du : downstream, upstream A e P Akt M &Yt
: missile 2 =foMe 3 HAAAEHY B 2
p : propellant e T AU E AL, 44 e S
t : tray &3 Jedls st spadAdv)e S
w  : wall 42 HHLAAE A A8E AA A St
1 : gas generator control volume
2 : canister lower cavity control volume
3 : canister upper cavity control volume 2.2 B
2 A7 fFEg AL sl o)
1.M =2 g o] g3t A HoZRE FEES AlEsie
Aoz Hded WY A28 53 22 AEFHA
sree] £z wAPAE  wRAbAl 9] b A FArso 28 12 Zt2dArE o &
FRYL o] & BAE dAbgaa spaukg ) g AtEAlzge] gzt AREAAEE Tt
ALZ A E o] &3 AP A o] itk FE w 24 7], EAb B (canister) 3 T AE HEE 3}
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Fig. 1 Schematics of canister launching system
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Table 1. Parameters for system initial conditions

=l

- Ejection total mass, Ml

- Container diameter, d.

- Container lower cavity initial volume

- Tray diameter, d;
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Table 2. Propellant characteristics of gas generator.

) cases case A | case B | case C

properties

burning rate, r,(mm/s)
@6.89MPa, 20TC

pressure exponent, n 0.23 0.50 0.23

274 28.1 321

flame temp., T, 2800K
propellant energy, R,T, 920.0k]/kg
specific heat ratio, 7 1.22

Fig. 20l 334 d4&% 548 7paUA
7] 44 g#€s JelyArt. Case A %
Zbawbayy] Hulghge 10MPa, PR=250]t}.
Case B, CI 7% HddaEL Zzb 13.3MPa,
11.7MPac] 3, PR 742+ 45, 3.50|th.

o X i i I 1 ! NPy
0.00 0.05 0.10 0.15 020 0.25 0.30 035
t{sec)

Fig. 2 Gas generator pressure histories for case
A, B, C.
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Fig. 3 Canister lower cavity pressure histories for
case A, B, C.
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Fig. 4 Acceleration for case A, B, C.
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Fig. 5 Ejection velocity for case A, B, C.

Table 3. Analysis results for case A, B, C.

performance CASES | case A | case B | case C
PR 25 45 35
maximum am{g) 215 21.6 21.2
Um(m/s) 33.5 36.0 35.0
maximum P.(MPa) | 0.763 0.764 0.752
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Fig. 6 Acceleration according to clearance
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Fig. 10 System analysis in case of maximum
operation mode.

Fig. 11 System analysis in case of minimum
operation mode.

Table 4. Analysis results for each operation mode.

mode . .- .
performance maximum | minimum | nominal

PR 2.6 2.3 2.5

Tai(K) 333 233 293

& (mm) 0.5 15 1.0

maximum am(g) 27.0 17.0 21.5

Un(m/s) 37.0 29.3 335

maximum P(MPa), 0.914 0.625 0.763
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