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Design and numerical simulation of the effect of heat tranger on
the micro centrifugal compressor performance
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(1. Graduate University of Chinese Academy of Sciences, Beéijing 100190, China;
2. Ingtitute-of Engineering Thermophyscs,
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Abstract : A micro centrifugal-compressor was desgned for centimeter-scale micro tur-
bomachinery , which has a diameter-of 26 mm, desgned rotate speed of 240000/ min, and
desgned massflow rate of 309/ s. Three-dimensonal numerical smulations under adiabatic
and i sothermal-conditions of solid wall were performed by using the commercial CFD (com-
putational fluiddynamics) software CFX. The results show that , as compared with adiabatic
condition, the mass flow rate at the isothermal condition decreases 7. 53 %, total to total
isentropic efficiency decreases about 18. 1 %, total pressure rate decreases 21.7 % at the same
shaft work input. Taking the effect of heat transer into account , the micro centrif ugal-flow
compressor was redesgned. CFX smulation results show that the improved design satisies
the desgn requirement of the micro turbomachinery.

Key words: micro centrifugal compressor ; numerical smulation; heat transer;
aero-thermal coupling; aerodynamic design
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Table 1 Design parameters of micro centrif ugal
J compressor
, / Pa 101300 101300
, / K 288.0 288.0
/ (r/ min) 240000 240000
' ' /(g9 30 30
[11]
’ 12 12
’ 10 10
CFEX
/ mm 7 7
, , / mm 18 19
) / mm 20 21.5
) / mm 26 27
’ / mm 5.7 5.7
' / mm 2 2

/ mm 2 2
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Table 2 Analysisresult of thermal loss model
CFD1 CFD2 CFD3 CFD4
T 3.70 3.10 3.21 3.23 3.15
e 3.78 2.93 3.06 3.13 2.96

m (g/ 9 30 32.70 27.46 23.69 27.74
Nu 0.762 0.643 0.703 0.643 0.624
AT/ K 0 26.35 29.72 24.66 24.87
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Fig.5 Static pressure distribution of 50 % 50 %
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