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Investigation on the Combustion Characteristics of Hydrogen-Oxygen
Internal Combustion Engine Under Direct Injection Mode on Orbit
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Abstract: Based on the CONVERGE simulation platform, the optical hydrogen engine simulation model of
Argonne National Laboratory in the United States was improved to study the combustion characteristics of hydrogen-
oxygen internal combustion engines in two models, direct injection of hydrogen (DI-H,) and direct injection of
oxygen (DI-O,). Firstly, aiming at DI-H, mode, by controlling the mass flow rate of hydrogen injection, the
in-cylinder mixing degree, combustion controllability and output work under different oxygen equivalent ratios
(@) of 0.33, 0.10 and 0.08 were studied. Then, the combustion characteristics in the cylinder were
compared with those in the rich combustion environment with oxygen equivalent ratio (&) of 8.00 in DI-O,
mode. The uniformity of hydrogen and oxygen mixing, the controllability of combustion and the output power
of internal combustion engine were compared. The results show that when @ is 0.33 in DI-H, mode, the
combustion in cylinder is uncontrollable and the explosion pressure in cylinder exceeds 10.0 MPa. When @ 1s
0. 08, although the combustion is controllable, due to too thin combustion, the mixing degree of the fuel in the
cylinder is low and the output power does not meet the 2 kW requirement of the integrated vehicle fluids(IVF)
system. When © =0.10, it can not only meet the needs of good mixing degree in the engine cylinder and
controlled combustion, but also meet the power output requirements of the IVF system for the internal
combustion engine. In addition, considering the bearing limit of the temperature and pressure in the cylinder, it
is considered that the oxygen equivalent ratio suitable for the engine condition should be about 0. 10. In the DI-
O, mode, the combustion in the cylinder is controllable due to the rich combustion in the cylinder, and the
mixing degree @=38. 00 1s the same as that in the DI-H, mode when &@=0. 33, the explosion pressure is lower
than 5.0 MPa, the maximum temperature is lower than 1 500 K, and the output power of 2.26 kW is also

greater than 2 kW, which meets the design requirements. Therefore, the model has great potential and is one
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of the optional combustion modes for in-orbit hydrogen-oxygen combustion engines in the future.
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Table 1 Comparison of performance parameters of three

generations of hydrogen - oxygen internal combustion

engines
gE| i1

Rk R £ty H=10
Fm SRR LN R 6 1L 11 ZE
R H 2 — 4

H 4% /mm 38.1 — —
172 /mm 3.91 — —
Hedt /mL 45 200 600/750
JE 45 1 — — 6.5
B /(remin~ ') | 3 000~4 000 4000 8 000
T 3 5 HLEAE =L E L
RAE 1.0~2.0 1.0~4.0 0.5~2.0
5% 5 15F 6] /ms 1.5 — —
Hhh /KW 3.3 3.3 3.3
it kg 40 — 50

®2 ERETEEARIERSH

Table 2 The basic parameters of the domestic design of

hydrogen-oxygen internal combustion engines

TiH S8

B % HL#G s i s B
* CIE | marww | meEE
R H 4 4 4
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17 /mm 75.0 62.2 55.2
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JE 45 He 11.0 7.5 9.6
S/ (remin 1) 5000 2 000~5 000 4000
M 5 M =L S BB
E =i 0.5~3.0 0.5~2.0 0.7
WSS/ () —40 — —
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Figure 1 3D simulation model computational domain
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Table 3 Main engine specifications

gE| X
B A% /mm 92
172 /mm 85
HE R /mm 565
JE 45 1t 10
i/ (remin~ ") 1500
AT 2 /(%) —374
AR A 2 /(%) —140
HETTIF Az /(%) 130
HEA TS 20 /() 364
Wt K J1/MPa 0.1
WA ELEE /K 309
W St %/ (%) —137.0~—103.5
RUKEFZ /(%) —25.00
SRR /] 0.04

3 SREAMIGE

K = 4k 3 53 1K 7 % (computational fluid
dynamics, CFD)#ff CONVERGE 3. 1. 4 X i # &
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o B e BRAIL Al A A N — 374°TF IR L B 346°45
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Table 4 Relevant computational models
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Table 5 Injection and air intake amount at different oxygen

equivalent ratios

mH

TH1 T2 TH3 T4
Mg I 5 W DI-H, DI-H, DI-H, DI-0,
AR MR 0.33 0.10 0.08 8.00

6.866X | 6.723X | 7.005X | 4.178X
B TR /K , B
HE R B /g 10 1074 10! 10°°

2.831X | 8.593X | 6.868X | 3.926X
% S5 B/ k B i - i
PR A Lt /g 107 1076 107 107
W5 S 45 2 1 ] / (7) 33.5 33.5 33.5 33.5
W SRR | 7.614X | 2.380X | 1.846X | 8.450X
i#/(kg's 1) 10°° 10°° 10! 10°°
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Figure 2 Cylinder pressures under different equivalent ratios
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Figure 3 Comparison of the average temperatures in the cylinder

under different equivalent ratios
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Figure 4 Reaction heat release curves with crankshaft rotation

angle under different equivalent ratios
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Figure 5 Comparison of fuel mole fractions at — 135" and — 105° under different equivalent ratios
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Figure 6 Comparison of fuel mole fractions at —75° and —45° under different equivalent ratios
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Figure 7 Comparison of fuel mole fractions at — 25 and —20° under different equivalent ratios
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Figure 8 Comparison of simulation results of flow velocity distribution during fuel wall collision at — 135° and — 105° under different

equivalent ratios
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Figure 9  Comparison of simulation results of flow velocity distributions during fuel wall collision at —75° under different equivalent

ratios
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Figure 10 Comparison of simulation results of flow velocity distributions during fuel wall collision at —45°, — 25 and — 10" under different

equivalent ratios
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Figure 11 Comparison of simulation results of ignition growth of fire nuclei after ignition in the cylinder under different yield ratio

conditions (Isosurfaces with a temperature of 1 500 K were selected to describe the changes of fire cores)
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Figure 12 Comparison of simulation results of temperature changes in the cylinder before and after ignition under different equivalent

ratio conditions
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Figure 13 Comparison of simulation results of pressure changes in cylinders before and after ignition under different equivalent ratios
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