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A CFD Study for Rocket Exhaust Flow using Single Species,

Unreacted Flow Model
Sun-1l Kang*, Hwan-1l Huh**

Abstract

The Single Species, Unreacted Flow Model which is effectively applicable on the computational
analysis of rocket exhaust flow is introduced in this paper. The basic concept of this model had
been originated from chemically frozen analysis of hot air but it was complemented by
compensating molecular weight and specific heat which was obtained CEA code analysis of
exhaust plume. Comparing single species, unreacted model with the finite chemistry model,
unreacted model can reduce calculation time to 1/5 while it makes similar simulation results.
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y=97.572+0.772x-3.071x" + 4.008x’

D=

1
CEA(Chemical Equilibrium Analysis)[g] A
AHEEte dade e s TS
9 AxA% a4 AxE=  Table 2, Table 33

Fdams
Table 2. Thermodynamic Properties
AT Wy 34 Az
dxd 2% (7)) 3894 K
7 ket (M) 3.876
=7 BA=H(m,) 26.528
7 AY HE Cp (K/kgK) 1.9492
7 vl gHl(y = Cp/Cv) 1.194
=7 949 (P) 0.734 bar
=T 2%(T)) 1971 K
=T +%(a,) 858.8

Table 3. Chemical compositions of engine
exhaust gas

oz e 3H"47éiﬂr(CEA)i
=ZEdT =T

CcO 0.328609 0.230540

CO, 0.323476 0.477491
H 0.000846 0.000016
Ha 0.005214 0.005433

H,O 0.256262 0.286353
(@] 0.007596 0

OH 0.046567 0.000167
O, 0.031431 0
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Fig. 2 Results of equilibrium analysis of rocket

nozzle[ﬁ]m
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5000 — . /

 — 2$$§3§:2'E°‘“""’"”"‘ / Temp. [K] | Mach | Pres. [Pa]
4500 :»* ———— Cp model 2 /
4000F ———— Cpmodsl 4, Frozen Cp model 4 1424 426 75197
5500 / Cp model 3 1685 4.10 77285
3000 Cp model 2 1802 3.99 81507
2500 Cp model 1 1920 3.89 85788
2000 = Cp model 0 2605 3.57 106930
1500
1000% o o5 050 2000 Table 5. Specific heat variation through

Temperauture[K] temperature in Cp model 1
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Table 6. Comparison of computation time of plume
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