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Numerical Analysis of a Centrifugal Compressor in APU Windmill
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Power Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing 210016, China)

Abstract: This paper investigates a centrifugal compressor and analyzes a critical phenomenon that an upper
limit exists that the restart rotational speed of the auxiliary power unit (APU) cannot surpass. We obtain the
numerical features of flows running through the compressor. Based on this, the forces imposed on the rotor
blades and the variation trends of the corrected mass flow rate are dissected. These analyses demonstrate that
(1) windmill’ s state parameters obtained through interpolation in speed characteristic lines, like the mass
flow rate, the pressure ratio and the temperature ratio, are accurate and reliable; (2) the main driving area is
the backward-curved part of the rotor blades when the incoming flow thrusts the compressor; (3) the rotor
outputs torque at a rotational speed of 5% or lower of the designed value, and restores the operation on the
flow as the speed rises to 15% or higher of the designed value, resulting in an increase of the mass flow rate
and the flow pressure; (4) the trends that the relative mass flow rate follow as the flight condition and the
compressor rotational speed change can help to explain the upper limit of the rotational speed during APU
airborne ignition.
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Table 1 Mesh independence analysis

260 300 370
Wt /)3 A WA JRIR ORI MR TR BCRIR W/ i I
£/%  EB/% O E/Y% O E/% EB/Y% E/% (kgsT)

3.0 —0.050 0.041 0.140 —0.086 1.845 1.563 1.842 3.214 0.521

4.0 —0.050 —1.225 —0.811 —0.086 —1.877 —1.391 1.842 4.19 0.639

B /atm 5.0 —0.030 0.034 —0.424 —0.066 0.042 —0.519 1.842 5.085 0.716
6.0 —0.030 0.013 —0.150 1.836 6.079 0.761

6.2 —0.060 0.033 —0.018 1.835 6.278 0.765

i1 atm=101 325 Pa,
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Table 2 Boundary conditions for windmilling states

&JE/Pa AE/K

Ma
6 km 8 km 10 km 6km 8km 10km

0 47198.82 35618.18 26 453.79 249.14 236.14 223.14
0.4 52699.94 39 769.55 29 537.03 257.11 243.70 230.28
0.5 55987.84 42 250.74 31 379.82 261.60 247.95 234.30
0.6 60 202.27 45431.12 33 741.91 267.08 253.14 239.21
0.7 65469.55 49 406.03 36 694.09 273.56 259.28 245.01
0.8 71947.05 54 294.22 40 324.57 281.03 266.37 251.70
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Fig.1 Low speed performance of centrifugal compressor
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Table 3 Corrected speed variation in windmilling states

Yy EL A/ &
Nd 6 km,0.8Ma 10 km,0.4Ma
5% 5.063% 5.593%
10% 10.126% 11.186%
15% 15.189% 16.779%
20% 20.252% 22.372%
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