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Design inquiry of an ultra-high-pressure-ratio component

of multi-stage axial flow compressors

ZHANG Cheng', SHAN Peng', TIAN Xiaopei®

(1. School of Jet Propulsion,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Aero Engine Academy of China,
Aero Engine Corporation of China, Beijing 101304, China)

Abstract: For increasing the overall pressure ratio from 50 ¢ 1 to 70 : 1 of the high by-
pass ratio turbofan engine, a 5-stage ultra-high-pressure-ratio axial-flow component with
pressure ratio of 2. 2 ¢ 1 was designed, and connected to the exit of a 10-stage high-pressure
compressor with pressure ratio of 23 ¢ 1. The feasibility to improve the overall pressure ratio
with a complete axial-flow configuration was explored. The design was implemented through
the process including component 1-D overall aerodynamic design, S, through-flow inverse
problem and blade modeling and 3-D computational fluid dynamics verification. The specific
methods such as positive pre-whirl at each stage, large-deviation-angle rotor tip and positive
bowed stator were used in the process. Under the condition of achieving the prescribed aero-
dynamic design parameters, it’s recommended to set the rotor tip clearances to 0. 2mm rather
than 0. 3mm, otherwise the compressor stall margin would drop significantly and its stable

working range would be narrowed due to the geometric characteristics of large hub-tip ratio
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and the relatively larger rotor tip clearances. In the terms of structure, the design may lead

to some issues that must be solved before the compressors enter into service, such as a huge

number of blades and the higher machining costs of each stage.

Key words:

ultra-high pressure cycle; multi-stage axial flow compressors;

aerodynamic design; feasibility inquiry; bowed stator
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Table 3 Prescribed design parameters of the ultra-high pressure ratio component of multi-stage axial flow compressors

Z 5 K fEH 24 Bl
] V5 B 1 L 0.9 J5UE LR 5 5% 380/ (r/min) 12490.0
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Table 4 Parameters of 1-D flow-path geometry design
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H H AL 242/ mm 290. 0
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Table S Loads of stages of preliminary design
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1A L .23  1.20 1.17 1.14 1.12
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Table 6 Through-flow design results of rotors and stators in the ultra-high pressure ratio component
S8 R1 S1 R2 S2 R3 S3 R4 S4 R5 S5
JEL 0.844  1.222  0.805 1.237  0.782  1.267  0.761 1.172  0.679 0.911
1.3512  1.4792 1.4459 1.3584 1.4567 1.2721 1.2714 1.2761 1.2886 1.5115
AR 1.3369 1.3641 1.5696 1.2696 1.4337 1.2077 1.3878 1.2366 1.3949 1.5349
1.2848 1.4389 1.4658 1.3665 1.4179 1.2713 1.3295 1.3104 1.2389 1.5045
60.42 52,74  61.89 52,05  62.75  46.47  62.87  43.33  62.71 40. 50
HEOSWM/C) 63.47 52,27 65.29 52,62  66.18  48.55  66.82  46.34  67.19 44,53
65.18  56.62  66.77  58.07  69.23  56.44  70.48  55.94  72.18 53.19
13.80  26.92  18.84  28.95  12.77  25.54  13.57  26.45  11.32 40. 50
SEEMm/ ) 11,38 38,19 12.07  38.63 9.00 35.74 8.1 34. 72 6.47 44,53
7.84 29.58 7.50 31. 39 6.72 35.26 4.15 39. 29 5. 34 53.19
19.08  40.03  22.16  43.69  22.51  40.91 18.31  40.48  14.07 56. 2
R VAG! 15.51 50. 16 15.98 51.73 17.27 49. 41 11.92 47.35 8. 27 48. 84
20. 8 40.76  25.46 46.8 21.59 50. 7 19.91 54.7 18.11 67.53
0. 855 0.93 1.021  0.943  0.946  0.954  1.035  0.973 1.01 0. 855
Al o S L 0.955  0.955  0.915  0.998  0.918  1.009  0.936 1.024  0.922 1.002
0.878  0.949  0.771  0.973  0.846 1.028  0.797 1.06 0.902 0.997
0.5466 0.5517  0.498  0.5693 0.4519  0.466  0.4032 0.4356 0.3712 0.5606
D AT 0.4387 0.5868 0.4871 0.6252 0.4319 0.541  0.3994 0.5101 0.3658 0.5131
0.4376 0.6157 0.5213 0.6421 0.4776 0.6068 0.4574 0.6142 0.3962 0.6564
T B A BONARIR 43 5048 AR B8 11 IR, IR 1M .
7T EREMHERSHBBRRTER
Table 7 Through-flow design results of each stage in the ultra-high pressure ratio component
ZH Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 AHAETT
YR/ (kg/s) 82. 4 82. 4 82. 4 82. 4 82.4 82.4
4G R H 1.2302 1. 2462 1.2016 1.1753 1.1521 2.4944
A AR 0. 9441 0.8973 0. 8982 0.8976 0. 8990 0.8997
e ilf O R EE / (m/s) 418. 37 416. 61 415.03 413. 30 412.18
-2 67 for & 3k 0.3365 0.3836 0.3477 0.3254 0.2975
T 1 SR X T i 5k 0.703 0. 694 0. 675 0. 655 0. 637
R 2 X T R 0. 484 0. 467 0. 432 0. 410 0. 388
NE -3 4 0.9275 0.9365 0.9441 0.9499 0.9547
ik s 0.9347 0.9424 0.9488 0. 9540 0.9572
BT BB 96 120 124 128 126 594
T R 165 164 180 190 196 895
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Table 8 Tip clearance configurations of rotors in

CFD simulations
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Fig. 11 Distribution contours of relative Mach number

at the pressure ratio design point
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Fig. 12 Isentropic efficiency distributions along the

rotor spans
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Table 9 Overall performance differences among three
different rotor tip clearance conditions at

the pressure ratio design point
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Fig. 14 Trends of overall performance changing with
rotor tip clearance at the pressure ratio

design point
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Table 10 Relative differences of compressor overall
performance among three different rotor tip
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