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Chemical Equilbrium Analysis of the 30 tons - class KARI
LRE Nozzle Flow

Dae-Sung Lee* - Ki-Ha Kang* : D.-R. Cho* - Jeong-Yeol Choi ** - H.-5. Choi ***

ABSTRACT

Nozzle flow analyses of 30 tons-class KARI liquid rocket engine for high altitude propulsion are
carried out using a chemically frozen and equilibrium flow analysis code developed previously. It is
considered that the combined frozen- and shifting- equilibrium analysis is cost-effective regarding the
convergence characteristics and modeling uncertainties, though the non-equilibrium analysis is most
reliable approach. A dependable performance prediction could be attainable through the present
analyses that account for the recombination process and thermal and kinetic energy recovery during

the expansion process with viscous effects.
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Fig. 2 Cross-section to throat area ratio distribution of
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Table 1. Design Specification of 30 tony—class KARI

LRE4]
Chamber Pressure 60.0 bar
Fuel Jet-A (Ci2Hazs, 290 K)
Qxidizer Liquid O; (90.17 K)
O/F Mass Ratio 244 (¢=1.39)
Mass Flow Rate 88.8 kg/s
Throat Diameter 0.1805 m
Area Ratio 60

Table 2. Temperature and Species mass fraction in

Combustion
Case 1 |NASA CEA|{ Case 2
Temp. (K}| 3618.12 3623.73 3629.57
H,O 0.32304 0.31788 0.31644
CO, 0.13535 0.13323 0.12288
CO 0.34402 0.34469 0.36195
OH 0.05005 0.05415 0.04402
Oy 0.01165 0.01179 0.00702
H, 0.09694 0.09727 0.11110
O 0.00916 0.00944 0.00643
H 0.03077 0.03155 0.03013
U (m/s) 170.74 166.53 0
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Fig. 3 Temperature distribution along the nozzle.

Frozen : Non-Slip Condition
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Fig. 4 Mach number  distribution
along the nozzle.

Frozen : Non-Slip Condition (bar)

Shifitng : Non-Slip Condition (bar)

Fig. 5 Pressure distribution
along the nozzle.

Frozen : Non-Slip Condition (km/s)
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Fig. 6 Velocity distribution
along the nozzle.
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Fig. 7 Temperature distribution along the nozzle axis.
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Fig. 8 Pressure distribution along the nozzle axis.

Figure 9= Wi FolX e A vigs A o
do] ugulEA ofF 1.2~1.32 AjoloA] WElel =
TS BAFET 58 F%F siol] wisjA B3
gjMe] &= Wgle] Eo] A7 uiduly W



14 olchy - Z7Ist - == - 2YE

213+ HEEXELTE

T & Aol A AHAZY ol B HA
oA AAste] AP wrep viGu7}F FL o
Azteriyg =37 5 da £x9 HEol F
7tehe A% Fadlolzt AztErh NASA CEA
2 Anees 27) @EH £ Aolg Roled
ol Eq. ()22 AYHE & 59 wgHl
7b B A7 AEg 4 HlgHlo Ao 4
Eq. )& 927] "&olt}

141 . BN B AL ) L
- Specific Heat Ratio, y 1
135 at Centerline .
[ D Shifting_Equilibrium_EU ]
PN Shifting_Equilibrium_NS
r = Frozen_Equilibrium_EU ]
v Frozen_Equilibrium_N§ E
125 CEA GUI .

Y

T

o 3
o

TN BN |

L

o
T T T T

14 . ) MR EEETRTEE MR CRUT1 T ey
: 10 20 30 405060

AJA,,
Fig. 9 Specific heat ratio distribution along
the nozzle axis.
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c =p,Ag/m (8)

Table 3. Performance results of 30 tonrclass KAR!

LRE
Frozen | Shifting | NASA | KARI
Eq. Eq. CEA | Datal4]
Thrust,
28.95 30.24 31.33 294
(tony)
T
pecific: | o001 | 34054 | 36183 | 330
Impulse, (s)
c*, (m/s) {1764.35 | 1764.35 | 1802.5 1710
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