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Optimization Design and Matching Performance of Air Turbine Starter
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Abstract: In order to improve the performance of an air turbine starter and match it with the bleed
characteristics of the auxiliary power unit, the aerodynamic performance and flow field details of the air
turbine starter are studied by means of numerical simulation and experiment, and the optimal design of the
guide and turbine stage blade is completed. After the modification, the mass flow, the efficiency and the
power increase by 23.2%, 3.4% and 18.0%, respectively. The comparison between numerical simulation
and test results shows that the overall difference of flow is small, the fluctuation range is within +3%, and
the mean value is equal to 0.17%. The maximum power difference is equal to 2.38% and the minimum is
equal to 0.1%. The numerical simulation results show that there are common working points between the
modified air turbine starter and the bleed characteristic line of the auxiliary power unit, and the working
performance of the auxiliary power unit has been significantly improved.
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Fig.1 Composition diagram of air turbine starter
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Fig.2 Three dimensional model of air turbine starter
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Fig.7 Static pressure of 50% blade height section of guide
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Fig.9 Mach number of trailing edge section of guide

JR S i) 25 R B 5% AR B A, BB PR IE
R — O R A S S AR BOIRE T o B
TR Je i ik 2R 2 2 A AR 1 AR AL, T LA 4 M 3
BEPE = ARIE B O AR A (R R T L A RLAE 4 SlIR
o WA LUE SO )5 AR08 I T ik fe i
TR GURT AT RE Ty 5 o JORAEAR A9 IE I
FR ISR TR AR R L OB A R I i
B T )2 T R RO OO R AR U
U 1) S0 7 AT 5 B, HEAS T BR 1 T R R L 0
P12 R .

250

100 —~__ S

002 04 06 08 10

T3 AR i B

BT %S T 5004 M oy 48 T 28 3% 1] s 53 A7 1R
Fig.11 Static pressure of 50% blade height section of rotor
HEX A%
13
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
P12 i EEEe T 50 %0 M e AR X B bR Eo A
Fig.12 Relative Mach number of 50% blade height section

of rotor

e Ao e R 5 B A A i B 22 A il
1 A8 B 1 1 0 B BRI R SR A IX e R



230 Mow o o= M

PPN 55 55 &

Al g /NS S 5 K003 50 1.4 F00.9, F2 00 X Hy i &K
Or A HE R ) A 13 B i o

FI13 i e 1 R G m AT B i 200 A ]

Fig.13 Relative Mach number of trailing edge section of rotor

JER B T A (] B3 JCAB 2R A, B 5 0 g
25006 Wy LA W g T R T T ORI 4 R X
6 Bl 0K 3 IR AR RE T R . R I it T
LAV R AT 30 W B i 4 2K T A v A I R [R] B
X, an &l 14 frs o

. 4
i Y |
g J Bk / kPa
125
120
) 115
110
105
100
‘ o - 95
JREY 90
] 85
| 80
75
70
65
1 60
55
L ” 2 - ‘

et
B 14 i e e 1 R G T T 20 A 12
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Table 2 Comparison between test and numerical simulation results of improved ATS

T i - y - - - -

. N CFD  23/% &K CFD  %3/%  #%k CFD  2%/%
287 359 359 0 1.82 1.876 3.08 130.6 133.0 1.84
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434 216 216 0 0.94 0.912 —2.98 65.5 64.7 —1.22
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