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Analysis of performance of ammonia air-breathing variable cycle engine
Zhang Xin 2, Lu Yang ', Cheng Di !, Fan Xuejun '
(1. State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190,
China)
(2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In response to the demand of air-breathing power for wide-range aircraft with flight Mach number 0~10,
a wide-range air-breathing variable cycle engine using ammonia as the fuel and coolant is proposed in the research.
There are three working modes: turbine mode, pre-cooling mode and ramjet mode. Firstly, the feasibility of the
engine at Mach 0-10 was preliminarily verified by modeling the thermodynamic cycle process of each mode and
calculating the performance parameters such as specific thrust, specific impulse and total efficiency. Then, methane
and decane were selected as the typical representatives of low temperature and low density and kerosene hydrocarbon
fuels, and the performance of the engines fueled by ammonia and hydrocarbon fuels in turbine mode, pre-cooling
mode and ramjet mode were comprehensively compared. The results show that due to the outstanding equivalent

total heat sink and equivalent heat value of ammonia, the performance of it in the pre-cooling mode at Mach 3-5 is
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better than that of hydrocarbon fuels. In turbine mode and ramjet mode, the specific impulse of the engine using
ammonia as the fuel is lower, but the specific thrust and total efficiency are better than that of hydrocarbon fuels.

In the end, the operating characteristics of various fuels at Mach 0-10 were compared and analyzed, it shows that
ammonia precooling can significantly improve engine performance in terms of wide-range operating characteristics,
especially in the high Mach number, when ammonia is thermally decomposed into hydrogen and nitrogen in the
regenerative cooling channel on the combustion chamber wall, the specific thrust and specific impulse of the engine
will be further improved. And using ammonia as the coolant will not block the cooling channel, so it can meet the
wide-range flight requirements of Mach 0-10. Kerosene hydrocarbon fuel is limited by low specific thrust and
pyrolysis coking problems, and generally the maximum working Mach number does not exceed 8. In conclusion,
the air-breathing variable cycle engine using ammonia as the fuel proposed in this paper has excellent equivalent
cooling capacity and specific thrust index, and is suitable for applications such as the primary power of the two-

stage orbiting vehicle, high Mach number air-breathing flight and future hypersonic civil aviation.
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Table 1 Summary of combustion characteristics of several fuels

aviation
fuel NH3 CHa H>
kerosene
Net heating value
18.6 42.5 50.0 120.0

(MJ/kg)
Flammability (%) 15~28
Adiabatic flame

1.4~7.5 5~15  4~75

2092 2342 2277 2384
temperature (K)

Minimum auto ignition
650 425 630 520
temperature (°C)
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Table 2 Summary of physical properties of several fuels

fuel NH3 CioH22 CHa4 Ha
boiling temperature at
-33.4 174.2 -161.0 -253.0
1 atm (°C)
liquid density (kg/m®)  682.5 731.2 422.5 72.2
St 0.165  0.067  0.058  0.029
hre (kKJ/kg) 4500 3300 3338 14197
hrr (MJ/kg) 18.6 44.6 50.0 120
Sfsrhge (KI/kg) 7425 2198 1943 4145
Sfseher MI/kg) 3.07 2.97 291 3.50
Market prices
52 7.9 7.2 70.0
(CNY/kg)
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Table 3 Compression efficiency of intake under different flight

conditions
Mayg oc e
5 0.487 0.942
6 0.341 0.909
7 0.228 0.868
8 0.151 0.821
9 0.101 0.770
10 0.070 0.716
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