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Numerical simulation of non-uniform circular-hole film cooling

at the near-injection region of hydrogen/oxygen rocket engine
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Abstract; The thermal environment of the combustion chamber wall in hydrogen/oxygen rocket en-
gine is very harsh, and the circular-hole film cooling is one of the main auxiliary methods to reduce the
heat load in the near-injection region. In this study, the three-dimensional numerical simulation of the
head gas film with cylindrical film hole was carried out, considering the influence of regenerative cooling
outside the thrust chamber. Through comprehensive numerical experiments, the effects of parameters such
as the proportion of gas film flow ratio, the diameter of film hole and the area ratio of adjacent film holes
and a gas film cooling scheme of circular hole head with non-uniform distribution was proposed. The re-
sults show that there is an optimal blowing ratio to make the cooling effect of the head area the best in the

film cooling of the head of the hydrogen/oxygen rocket engine. The optimal blowing ratio is determined by
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the ratio of the air film flow rate and the diameter of the air film hole, and the optimal air blowing ratio in

this study is between 5. 454 and 5. 849. Through the reasonable structure design of the non-uniform circu-

lar-hole, the area ratio of adjacent gas film holes is controlled within the range of 0. 6 —0. 8. The proposed

non-uniform film hole scheme is beneficial to the improvement of the overall combustion chamber perform-

ance, which can provide a reference for engineering design.

Keywords : head gas film cooling; non-uniform film; film cooling efficiency; combustion chamber;

hydrogen/oxygen rocket engine
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Tab.1 Kinetic model of 9-step chemical reaction of

6 components for hydrogen and oxygen

E/
F5 SN T e A;

i ) jji f BI (J . kmolfl)
1 H, +0, =20H 1.7x10% 0.0 200

2 H,+OH=H,0+H 1.17x10° 1.3 15.17

3 20H=H,0+0 5.9x10° 1.3 71.25
4 H, +0=0H+0 1.8x10° 1.0  36.93
5 0,+H=0H+0 2x10" 0.0 70.3
6 H+0+M=0OH+M 6.0x10° -0.6 0.0
7 20+M =0, +M 6.17 x10° -0.5 0.0
8 2H+M=H, +M 1.8x10% -1.0 0.0

9 OH+H+M=H,0+M 1.17x10° =2.0 0.0
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Tab.2 Main design parameters of the combustor with circular

hole head for numerical simulation of gas film
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Fig.1 Geometric model
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Fig.3 Schematic diagram of non-uniform air film holes
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Tab.3 Numerical calculation conditions of air film on circular-hole head

T e d, /mm Ju /% TH e d,, /mm Jn /%
YK-1-1~YK-1-4 1.4 5.82 ~15.9 YK-3-1~YK-3-4 1.4 5.82 ~15.9
YK-1-5~YK-1-8 1.2 5.82 ~15.9 YK-3-5~YK-3-8 1.2 5.82 ~15.9

1.0 0.6
YK-1-9~YK-1-12 1.0 5.82~15.9 YK-3-9~YK-3-12 1.0 5.82~15.9
YK-1-13~YK-1-16 0.8 5.82~15.9 YK-3-13~YK-3-16 0.8 5.82~15.9
YK-2-1~YK-2-4 1.4 5.82~15.9 YK-4-1~YK-4-4 1.4 5.82 ~15.9
YK-2-5~YK-2-8 1.2 5.82~15.9 YK-4-5~YK-4-8 1.2 5.82~15.9
0.8 0.4
YK-2-9~YK-2-12 1.0 5.82 ~15.9 YK-4-9~YK-4-12 1.0 5.82 ~15.9
YK-2-13~YK-2-16 0.8 5.82~15.9 YK-4-13~YK-4-16 0.8 5.82 ~15.9
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Fig.4 Comparison of axial relative pressure

in combustion chamber
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Fig.6 Comparison of temperature field with and without head air film
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Fig.8 Effect of film flow rate on average cooling efficiency
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Tab. 4 Analysis of blowing ratio under different gas film flow ratios
d, =1.0 mm d, =0.8 mm
S/ %
e, =1.0 e,=0.8 e, =0.6 e, =0.4 e.=1.0 e, =0.8 e, =0.6 e, =0.4

5.82 1. 499 1. 665 1.873 2. 141 2.341 2. 602 2.927 3.345

8.80 2. 266 2.518 2.832 3.237 3.540 3.934 4.425 5. 058
12.20 3. 141 3.490 3.927 4.488 4.908 5.454 6. 135 7.012
15.90 4.094 4.549 5.117 5. 849 6.397 7. 108 7.996 9.138
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Fig.9 Effect of film flow rate on the maximum temperature of injection panel
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