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Numerical study of heat transfer in variable cross-section

cooling channels of LOX/methane rocket engines

ZHANG Ming, SUN Bing
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Abstract; In order to improve the cooling efficiency of regenerative cooling channels of liquid rocket
engine thrust chamber, the numerical simulation of the coupled heat transfer in the variable cross-section
cooling channels of the LOX/methane engine thrust chamber was carried out to investigate the effects of
the aspect ratio on the turbulent flow and convective heat transfer of the transcritical methane in this pa-
per. An improved iterative coupling method was used for the three-dimensional coupling calculation of the
hot gas, the cooling channel and the coolant domain. The research results show that when the cooling
channel cross-sectional area is constant, increasing the aspect ratio of the cooling channel can reduce the
maximum hot-gas-side wall temperature at the throat. The larger the cooling channel aspect ratio is, the
greater the coolant pressure loss is. However, excessive aspect ratio will lead to a sharp increase in pres-
sure loss, and the effect of further reducing the maximum temperature of the hot-gas-side wall at the
throat is not obvious. The hot-gas-side wall temperature drops at the sudden contraction/sudden expansion

structures of variable cross-section cooling channel. And the magnitude of the decrease increases as the
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aspect ratio decreases. In the large aspect ratio cooling channel, the area where the heat transfer deterio-

ration occurs near the lateral wall surface at the throat is limited, mainly in the lower half of the rib side

wall. This paper provides a reference for the design of variable cross-section regenerative cooling channels

of the thrust chamber.

Keywords : methane ; transcritical ; coupled heat transfer; rocket engine ; regenerative cooling; sud-

den contraction/sudden expansion
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Tab.1 The parameters of variable section cooling channels
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Fig.1 Variations of hot-gas-side wall temperature

along the axial direction for three grid levels
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Fig. 3 Variation of hot-gas-side wall temperature

and heat flux along the axial direction
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Fig. 4 Variation of coolant static pressure

along the axial direction
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Fig. 5 Variation of coolant velocity along

the axial direction
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Fig. 6 Variation of coolant helicity along the axial direction
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Fig.7 Streamlines of coolant at the throat

FESERR TAER I, AR H) O R 7 22
LA H R HBCR AR Bk . WE 8 N, B
5 B LU AR K S A v R T L B 2 B, LR
R BRI, T 7 468 2 328 A5 38, L 38 1 ik o ek
Ko METeb A 1111 3K F) 1.6 0, el E T
Ro MR 5 35 12.8% , 1 S 2k R in 17 0. 1% .,
M2 155 58 LU N 4. 445 B9 K H] 6.4 B, f i BT B¢
R A 0.5% IR SR K T 24. 5% ik 3] T
4.84 MPa, [Htt, 48413 16 % B AR B, 78 (R UE
FE 4 A BRI 0 T I 1 R ¥4 138 15 = 9 L
A DA R A A 1 e 3505 AR A= 000 B T e e TR E

(L R i3 B U2 5 5 U T340k 1 SR R,
X it — 2 AR BE T e e i RV SCR AT BR

780 _— 5
| e 38 sy T P88 |
T60F  —— R d4.75
740 F H4.5
720F H4.25
2700} 4 E
= i ey
= 680 375 %
660 s
640 1305
620 N
TENS NEEY NRNY FREN RS SN s i wlwulwulwulwulww:

600
0511522533544555566.57

= Vi

E 8 MEMSNEEESREFSIFTIEMRNTZK
Fig. 8 Variation of the maximum hot-gas-side wall

temperature at the throat and pressure drop of the coolant
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Fig. 9 The coolant temperature distribution at the throat
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