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Numerical Analysis of Combustion Characteristics in a Liquid
Propellant Rocket Engine with Split-triplet Injector Elements

Yoon-Wan Moon™ - Chae-Hoon Sohn” - Young-Mog Kim'
ABSTRACT

Combustion characteristics of a KSR-III liquid rocket engine with split-triplet (F-O-O-F) type
injector elements are investigated numerically from the viewpoints of engine performance and
combustion flowfield. To evaluate numerical analysis of liquid rocket engine with radial type
injector arrangement, 2-D axisymmetric and 3-D calculations are carried out and the prediction of
engine performance for design and off-design conditions is in a good agreement with hot-firing
tests. According to 2-D axisymmetric and 3-D calculations, the prediction error is 3~5 % from
the standpoint of performance. Numerical results of combustion characteristics calculated through
3-D analysis agree well with hot-firing tests qualitatively at injector plate. Decreasing impinging
angle and changing radial type injector arrangement to H type injector arrangement reduce
effectively local high-temperature region. Also, it is examined that those affect the performance
seriously. In conclusion, it is revealed that both injector arrangement and impinging angle are
critical parameters to affect the performance and combustion characteristics of the liquid rocket

engine.
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Table 1. Dimensions of KSR-IIl liquid rocket

engine
Combustion zone dia. 420 mm
Length 887 mm
Nozzle throat dia. 310 mm
Expansion ratio 5.04

Table 2. Properties of Kerosene and LOX

Kerosene LOX
Chemical Formula CioHas O,
o (kg/m’) 819.0 1122.0
Gy (J/kg - K) 1884.0 17114
H; (kJ/kg) 326.1 209.215
T (K) 290.0 94.0
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Table 3. Hot-firing test conditions and boundary
conditions for spray calculation

Test m (kg/s) Vi (m/s)  [dp (1m)

No- | kel | LOX | Fuel | LOX | SMP
F (Fuel)
N"g‘m 17.50 | 4090 | 245 | 2214 | 1519

1 | 1942 | 4432 | 292 | 240 | 1496

2 | 1848 | 4465 | 259 | 242 | 1512

3 1729 | 3212 | 245 | 174 | 1519

4 | 1962 | 4892 | 275 | 265 | 1504

5 | 1435 | 3602 | 201 | 195 | 1547
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Table 4. 2D calculation results compared to

tests 151
Numerical . 14.5:_ —a—— 2D calcu]at?on //A
Test simulati Hot-firing L : IS{L()nc:l:;;anon ’
on 1apE - -firi)
No. [Thrust| P Iy, |Thrust| P Iy =t
135
(ton) |(MPa)| (sec) | (ton) |(MPa)| (sec) St
Nom % 3F
inal 11.30 | 140 | 193.5 - - - g ok
1 1270 1.52 {1993 | 1346 | 1.50 | 211.2 “F
2 1244 | 150 | 19711322 | 1.49 | 2094 12 -
3 1893 | 118 [180.7| 932 | 1.06 | 188.6 sk
4 |13.75| 1.62 | 200.6 |14.64 | 1.60 | 213.6 g |./ L T
5 1916 | 1.19 [181.9] 9.62 | 1.17 | 191.0 NI 70
Total mass flow rate (kg/s)
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Bulgr 249 EAFLS 0494 g/s/mm’ZA

oF 411%7F Z7}ate] 68 o]Fol= AR} b) Pressure curve along total mass flow rate
HristAl EAE O] Fau] 1o Azt A 129 Fig. 5 Numerical results of thrust and pressure
Hdo] YEIUE AL ¢ F U} ojAL AW compared to hot-firing tests (3-D

3 A8 Slsho) 58 RlH Aeatol 42} periodic: condition)

A velde 94X (r=81.8mm)9} 64 o]Ze] 9

A(r=144.03mm)o| A FAWgFo g exol Table 5. 3D calculation results compared to
Hl(equivalence ratio)& Fig. 7% #o] “eli tests
th. 96t 02 unlike doublet BAM71E A9} Numerical Hot-firing
AsAle) 47 Fyo] e FEPNA A Test|  simulation
oo No. [Thrust] P Isp |Thrust] P Isp

of WAl @71 d el spray fand] o5& < (ton) |(MPa)| (sec) | (ton) |(MPa)| (sec)
oA E¥o] A A& Aow UHA low, Nomi

N B 11.56 | 1.387 | 198.6 - - -
ol2igt  AElolN dAaFAe] W nal
Kerosene/LOX2] Z=x14] 232 Mzl do] uf 2 1127411495 (202311322 | 149 | 2094
& &7 R sAH E2Zo] Yojity] Mol 4 |14.06 | 1.604 | 205.7 | 14.64 | 1.60 | 213.6
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Fig. 6 Temperature contours of injector plate
with several calculation conditions
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Fig. 8 Photo of injector plate after hot-firing test
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Table 6. 3D calculation results of radial and H

type
Numerical simulation
Thrust
P (MPa) | Isp (sec)
(ton)
Radial
Type 11.56 1.387 198.60
H type 11.30 1.353 194.14
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