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Parameterized Simulation Optimization on Gas-oxygen/gas-methane Pintle
Injector

YU Huanli', TANG Chaoer’
(1. Beijing Institute of Aerospace Testing Technology, Beijing, 100074; 2. Beijing Aerospace Propulsion Institute, Beijing, 100076)

Abstract: This study investigates the combustion performance of gas-oxygen and gas-methane pintle injectors, which discusses
the influence of pintle injector structure design parameters and thrust chamber combustion design parameters on the combustion
performance. Theoretical analysis is carried out by numerical simulation and other methods. The simulation results show that the
oxidizer central pintle injector has a higher combustion performance. A larger angle of the pintle head and a smaller distance of the
intermediate sleeve have a higher combustion performance. A smaller pintle head radius can significantly play a role in cooling the
pintle head, but there is a certain loss of combustion performance. When the speed ratio is about 1.1, the combustion performance is

higher, and the temperature of the pintle head is lower. When the mixing ratio of oxygen and methane is around 3, the combustion

performance is higher.

Keywords: variable thrust engine; numerical simulation; pintle injector; gas-gas combustion; gas-oxygen/gas-methane
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Tab.l The design parameters of pintle injectors
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Fig.1 Three-dimensional diagram and sectional view of fuel

center pintle injector
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Tab.2 The structural parameters of the fuel central pintle injector
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Fig.2 Configuration and dimensions of thrust chamber with fuel

center pintle injector
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Fig.3 The grid of numerical simulation
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Tab.3 The comparison of simulated combustion chamber

pressures with different grid numbers
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Tab.4 The working parameters of pintle injectors
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Fig4 Comparison between the fuel center and oxidant center

thrust chamber

Bl 5 0 Sk B A IR L, FEHE T & S
FAEPAS BT AR X, 20 A W T AR A Ak
PR PR, A7 W T AR BRI FRD /S [ DX D 380 B[]
Lo LA A Sk A B AR K [0 908 DX O S 1 (B3 . 42
LA X, el A [ AT R R 78 70 MR B FR) T ARV &
o b R BT EE SR



550 1]

ARALAF AU U ped ke AT 25 2 Bk 0 JAL L 47

x/mm

a) gL

x/mm
b) Ak L
ES5 HEHELIRLEFTLL

Fig.5 Comparison of thrust chamber head streamline diagrams
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Fig.6 Comparison of temperature distribution at the head of the

fuel center and oxidant center pintle
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Tab.5 The dimensions of the combustion chamber at different

shrinkage ratios
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Tab.6  Effect of combustion chamber shrinkage ratio variation on

the combustion performance

e i L i Lk be Sk J1/MPa RRBERIR %
6 0.483 405 96.68
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20 0.501 607 100.32
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Tab.7 The dimensions of structural parameters of pintle injectors
with different pintle head angles

B S R IR () JF F B /mm I T A /mm
0 0.86 26.98
20 0.94 26.98
30 1.04 26.98
40 1.19 26.98
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Fig.9 Effect of the pintle head change on the pintle head

temperature distribution
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Tab.8 Effect of the pintle head angle change on the combustion
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Fig.10 Two-dimensional configurations of pintle injectors with

different intermediate sleeve distances
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Tab.9 The dimensions of structural parameters of pintle injectors

with different intermediate sleeve distances

Tl E BB /mm B AR S (0 JF HBE S /mm
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10 20 0.94

performance
B AR /() 17 FLBA)R % 5 71/ MPa BRI 1%
0 0.501 066 100.21
20 0.495 011 99.00
30 0.490 964 98.19
40 0.487 598 97.52
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Tab.10 Effect of the intermediate sleeve distance change on the

combustion performance

FIRIEEES/mm | RS )/MPa KRIBERR %
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Tab.11 The parameters of pintle injectors with different speed

ratios
gt | PRI SRR g
0.5 43.5 86.9 217
1.1 69.5 86.9 0.94
2.6 226.0 86.9 0.38
4.6 399.8 86.9 0.19
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Fig.12 Effect of the speed ratio change on the temperature
distribution of the pintle head
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Tab.12 Effect of wvelocity ratio change on combustion

performance
HEE L 1§ E Mk BE = JE J1/MPa PRI/ %
0.5 0.483 322 96.66
1.1 0.495 011 99.00
2.6 0.493 101 98.62
4.6 0.486 632 97.33
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Tab.13  The parameters of pintle injectors with different mixing

ratios
ALy bt/ | SR ERE | PO/ | AN ER
R (g-s™ (g-s™D mm /mm
10 20 1.44 17.67
7.5 22.5 1.06 17.87
3.5 6.7 23.3 0.94 17.94
4 6 24 0.85 17.99
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Fig.13 Effect of the mixing ratio change on the temperature

distribution of the pintle head
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Tab.14 Effect of mixing ratio variation on the combustion
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Tab.15 The specific dimensions for different pintle head design

performance
REH BAJE 2 1) BT J3/MPa BRI %
2 0.495 119 99.02
3 0.502 015 100.40
3.5 0.495 011 99.00
4 0.485 953 97.19
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Fig.16 Effect of different pintle head improvement designs on the temperature field distribution in the thrust chamber
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Fig.17 Effect of different pintle head improvement designs on the methane distribution in the thrust chamber
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combustion performance

% iﬁ/ﬁiﬂ i?é/ b;ﬁjﬁf KRBERH /%
! 8 — 0.495011 99.00
2 7 — 0.483 380 96.68
3 8 10 0.494 663 98.93
4 8 8.5 0.495 743 99.15
5 8 30 0.494 468 98.89
6 8 15 0.495 462 98.89
7 7 10 0.485 171 97.03
8 7 30 0.482 898 96.58
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