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Effects of Finite-Rate Chemistry and Film Cooling on Linear

Combustion-Stability Limit in Liquid Rocket Engine
Chae-Hoon Sohn*, I-Sun Park**, Yoon Wan Moon***, Hong-Jip Kim*** and Hwanil Huh****

ABSTRACT

Thermal effect of finite-rate chemistry on linear combustion stability and film-cooling
effect are investigated in sample rocket engines. The flow variables required to
evaluate stability limits are obtained from CFD data with finite-rate chemistry adopted
in three dimensional chamber. Major flow variables are affected appreciably by
finite--rate chemistry and thereby, the calculated stability limits are modified. It is
found that finite-rate chemistry contributes to stability enhancement in thermal point
of view. And film cooling also has the effect of combustion stabilization.
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Fig. 1. Geometry of sample rocket combustion
chamber; (a) KSR-IIl engine and (b)
KSLV-I candidate engine (unit: mm)

AL (KSR ANEAo A ALEH =
AxA)e] 7318ty 42 =Z7|E Fig
ATH15].
| AFEEIRoH, HF HAA Y AR A
OF7F gEXT di AL == b
ol AFo| §itt. ole} tEo] A ME FA
KSLV-I1 5 X9 43 37|58 Yehd Ao
B AFo|M= KSR-III AAS o] g3t =3
HAW oy 3o di AE F Adh A" F
7t A8 F BY dRoz A&EFH dx AY
o] +3& AW test Nos. 2-59} KSLV-I FH ol
o AFete AF 2AES ENE AP ok
4e =3taz st slY AlE Z=7ES Table
1o 7138t AAvH11, 15].
Table 19 7|&%H 2% =4

o] AbFel AL %7 A

¢

(e
O

% test No. 39

NFsle AN i Borgo] WA,
ArEo WA GeFErE J)E As

Azl A o 1,730Hz

Table 1. Firing-test conditions and test results
with KSR-IIl rocket engine

m (kg/s) OfF chamber
Test No. | pressure | stability
Fuel | LOX | " | " nypal
Design |17.50(40.90| 2.34
1 19.42 (44.32| 2.28 1.50 stable
2 18.48 |44.65| 2.42 1.49 stable
3 17.29|32.12| 1.86 1.06 |unstable
4 19.62(48.92 | 2.49 1.60 stable
5 14.35(36.02 | 2.51 117 stable
KSLV-I | 25.82 |62.98 | 2.44 4.91

(b) injector array

(a) computational grid

Fig. 2. Computational grid and injector array
of combustion chamber
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Fig. 3. Temperature fields in combustion
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(a) 2-D instantaneous reaction
(b) 3-D instantaneous reaction
(c) 3-D one-step reaction
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Table 2. Calculation results of major flow
variables at nozzle entrance
(KSR-IIl engine)

Test | Test | Test | Test
No. 2 | No. 3| No. 4| No. 5
—1| 1205 | 1298 | 1.015 | 1.405 | 1.03
1| 1234 | 1285 | 1.039 | 1.379 | 1.035
MPall3D-F| 1189 | 1.288 | 0.986 | 1.405 | 1.021
~113234.2(3208.8(3360.6| 3144.7 | 33733
- [3D-1]3329.6|3365.6|2998.4 | 3386.8 |3377.9
(Kl [3D-F[2780.5|2841.3| 26235 | 2871.2 | 2652.2
o |2D-1] 0835 | 1.007 | 0.793 | 1.095 | 0.807
kg 301 | 0.985 | 1.080 | 0.832 | 1.112 | 0.839
] |3D-F| 1.291 | 1.278 | 0.986 | 1.466 | 1.194

~ |2D-1] 5045 | 5033 | 4952 | 506.6 | 486.3
3D-1| 4292 | 4359 | 430.6 | 436.4 | 430.5
(m/s] [3p-F| 359.0 | 366.6 | 360.8 | 3339 | 315.4
2D-1 0.400 | 0.399 | 0.395 | 0.402 | 0.389
M, |3D-1]0.347 | 0.354 | 0.346 | 0.355 | 0.351
3D-F| 0.337 | 0.329 | 0.32 | 0.305 | 0.308

Design

Table 3. Calculation results of stability
parameters

Test | Test | Test | Test
No. 2 | No. 3| No. 4| No. 5

2D-1] 1.233 | 1.232 | 1.228 | 1.237 | 1.226
Ve [3D-1| 1.220 | 1.219 | 1.237 | 1.361 | 1.217
3D-F| 1.235 | 1.233 | 1.273 | 1.250 | 1.227
2D-1| 0.396 | 0.395 | 0.392 | 0.398 | 0.386
u. |3D-1] 0.345 | 0.351 | 0.344 | 0.351 | 0.349
3D-F| 0.335 | 0.327 | 0.318 | 0.303 | 0.306

Design

2D-1| 0.0062 | 0.0071 | 0.0052 | 0.0083 | 0.0048
Girr,| 3D-1| 0.00013 |0.00014{0.00011{0.00013{0.00011
3D-F| 0.00052 |0.00078 | 0.00054 | 0.00083 | 0.00057
2D-1] 0.348 | 0.347 | 0.332 | 0.348 | 0.321
er |3D-1] 0.263 | 0.265 | 0.272 | 0.268 | 0.252
3D-F| -0.1 |-0.001| 0.017 |-0.108|-0.293
2D-1| 1.1045 |1.1057 | 1.1298 | 1.1098 | 1.1421
Gr|3D-1| 1.195 | 1.202 | 1.169 | 1.174 | 1.227
3D-F| 2.052 | 1.814 | 1.745 | 2.085 | 2.596
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Fig. 4. Calculated stability limits for the first
tangential mode in three cases
(KSR-IIl engine)

Table 4. Calculation results of major flow
variables at nozzle entrance
(KSLV-I candidate engine)

KSLV_nominal
without film cooling| with film cooling
[éﬁa] 4.865 4879
Pe 3922 3623
[kg/m?]
u, 187.3 177.7
M, 0.1527 0.1382
Ve 12116 1.228
Grr 0.158 0.192
€r 0.2429 -0.1931
Gr 0.669 3.146
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Fig. 5. Temperature fields in combustion chamber
(KSLV-I candidate engine)
(a) without film cooling
(b) with film cooling
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Fig. 6. Calculated stability limits for the first
tangential mode with/without film cooling
(KSLV-I candidate engine)
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