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Numerical Study on the Influence of Jet Pre-cooling on Compressor
Performance under High Altitude and High Mach

ZHOU Zhi-tao ,FAN Shu,HU Feng,LU Yu-ming,ZHANG Hai
( College of Power and Energy Engineering, Harbin Engineering University , Harbin , China, Post Code ;150001 )

Abstract: In order to explore the influence of the two-way coupling flow of jet droplets and air on the in-
ternal flow field of the compressor and its working performance, NASA Stage 35 was taken as the model,
the similar flow field and the inlet and outlet conditions of the compressor under the high-altitude and high
Mach based on similar theory were obtained, and the wet compression process of jet flow cooling with dif-
ferent water injection capacity and droplet particle sizes under multiple operating conditions was analyzed.
The research shows that the jet pre-cooling technology can effectively inhibit the temperature rise of the
intake air of the compressor. The two-way coupling flow of droplets and air causes the internal flow field
of the compressor to change, which moves the shock waves in the rotor blade backward while reducing the
blade load efficiently. In the range of O to 2 percent of air mass flow, the compressor pressure ratio in-
creases first and then decreases with the increase of spray particle size. The specific power consumption
decreases with the increase of spray amount. Under the condition of 3.5 Ma at an altitude of 25 km, with

the particle size of 5 pm and the spray amount of 2% of air mass flow, the droplet evaporation rate ex-
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ceeds 50% , the compressor outlet temperature is decreased by about 20% , the actual specific compres-

sion power consumption is decreaseed by about 12% compared to the same period last year, and the isen-

tropic efficiency of the compressor increases by about 8% .

Key words: wet compression, jet pre-cooling, two-way coupling flow, shock wave, similarity theory
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Tab. 1 Performance parameters of Stage 35 compressor
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Fig. 3 Diagram of blade surface pressure distribution
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Fig. 4 Variation curves of droplet evaporation
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