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Abstract: In order to evaluate the effects of inlet probe support on the aerodynamic performance of com-
pressor, the characteristics lines of 1.5—stage compressor including inlet probe support with different diameter,
axial position, circumferential position and shape were studied through steady calculation. Results show that,
the inlet probe support makes the characteristic lines shift toward the lower left side of those without support em-
ployed. The cylindrical support attenuates the lines more seriously than the rectangular one with the same block-
age area. And the deviation of the lines increases with increasing the diameter of the support. The average efficien-
cy of the compressor for the Smm, 10mm and 20mm diameters is reduced by 0.8%, 1.32% and 2.28%, respec-
tively. There is no obvious difference for the lines between supports at different axial position and circumferential
position. The steady and unsteady numerical results also demonstrate that, when the inlet flow angle is in the
range of insensitive attack angle of the vane, the probe support has no effects on performance of the compressor
in the downstream of inlet guide vane by vane rectification.
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Fig.2 Computational grid of 1.5 stage compressor
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numerical calculation and experiment of Stage 35
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Fig. 5 Sketch map of the axial position of the probe
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Fig. 26 Absolute total pressure at mid-span section

Total pressure/kPa
115

I110
105
100
95
90

(a) With probe

Fig. 27 Absolute total pressure at exit plane of guide vane

(b) Without probe

AR SCHUE A 5T T HE 100003 R AL Y SR A R X
LS FRSMA S HERE R R M, A B 258 T .

(DB AP AEFERE, KL & R SR
TCHEET T 00 BEAR, B AR B 32 2 52 SOAF A8 F0 S AT
TE AR B 52 i, v (B R R SR A R A TR SR A
FEANL MR R R R

(2) X F B A 78 B SCAT , B S FF ELAR 3G i, R
S BLPE RE U K, W H A4S N Smm, 10mm, 20mm 57
AR DE R W vk 7 2 o A S W VI G S s 111 3
0.4% , 0.51% , 0.65% , ~F- ¥ % 3 43 5 B AL 0.8%
1.32%,2.28%.,

(3) %t FH F A R AL BEF A Rk 5]
T B K B, Y kSl S 0 B TS R
BRI A B P B, S R S RO B A AR AL
PREE SCFF X S 07 Ui He ML RE 14 52 e ] DL 22 W R
TE, ELEEE SR (0 il 7 8 R A7 XA S0 1.5

PR IHU B ERE I A TR W
S 3k

1]

[4]

[5]

[6]

[8]

[9]

KA. A K A LI A R R [M ] dE st
HULZS LR K27 AL, 2005,

Tt 81, T . SRR R A
S W BB DE [T, AL =S 3h J1 2 4, 2008, 23 (4):
712-717.

EREW, W R, ¥ 4, S ZHMEEARNET
A = A R L)) HfE SRR, 2012, 33(3):
371-376. (WANG Zhi—giang, HU Jun, LUO Jv, et al.
Investigation of Three—Dimension Flow in a Multi-Stage
Compressor Stator [J]. Journal of Propulsion Technolo-
gy, 2012, 33(3):371-376.)

Gilarranz J L, Ranz A J, Kopko J A, et al. On the Use
of Five=Hole Probes in the Testing of Industrial Centrifu-
gal Compressors[J]. Journal of Turbomachinery, 2005,
127(1): 91-106.

Georgiou D P, Milidonis K F. Fabrication and Calibra-
tion of a Sub—Miniature 5—Hole Probe with Embedded
Pressure Sensors for Use in Extremely Confined and
Complex Flow Areas in Turbomachinery Research Facili-
ties [ J].
39(5): 54-63.

Flow Measurement & Instrumentation, 2014,

Thomas Peters, Leonhard Fottner. Effects of Co— and
Counter— Rotating Inlet Distortions on a 5- Stage Hp—
Compressor[ R]. ASME 2002-GT-30395.

sKAEOG, R, IR, S HE AR Xl AL
L7 5 W 1 4 TE BT L] EHEROR, 2013, 34
(8): 1056- 1063. (ZHANG Hao— guang, WU Jun,
CHU Wu-li, et al. Full-Annulus Numerical Investiga-
tion of Influence on Flow=Field in an Axial Flow Com-
pressor with Inlet Distortion [J]. Journal of Propulsion
Technology, 2013, 34(8): 1056—-1063.)

Castorph D, Raabe J. Measurement of Unsteady Pres-
sure Unsteady Relative Velocity Field of a Kaplan Run-
ner by Means of an Electronic Multi-=Miniature Probe as
a Basic Contribution to Research on Unsteady Runner
Load[ C]. Vienna, Austria: Proceedings of the Tth IAHR
Symposium on Hydraulic Machinery and Cavitation,
1974.

Lippett D, Woollatt G, Ivey P C, et al. The Design,

Development and Evaluation of 3D Aerofoils for High



1046

2017 4

[10]

[11]

Speed Axial Compressors, Part 1: Test Facility, Instru-
mentation and Probe Traverse Mechanism [R]. ASME
GT2005-68792.

) 2 M, TSR, TR AR, A5 BRI
F 3 P R R T 4 ik 5 BE T S [T ], MR g it
% 55T, 2010 (4): 10-16.

Wyler J S. Probe Blockage Effects in Free Jets and
Closed Tunnels[J]. Journal of Engineering for Gas Tur-
bines & Power, 1975, 97(4): 509-515.

Lepicovsky J. Effects of a Rotating Aerodynamic
Probe on the Flow Field of a Compressor Rotor [ C].
Rhode- St— Génese, Belgium: Proceedings of the XIX Bi-

annual Symposium on Measuring Techniques in Transon-

ic and Supersonic Flow in Cascades and Turbomachines

[14]

[15]

[16]

2008.
Ma H, Li S, Wei W. Effects of Probe Support on the
Flow Field of a Low—Speed Axial Compressor[J]. Jour-
nal of Thermal Science, 2014, 23(2): 120-126.
Goldman L J, Seasholiz R G, McLallin K L. Velocity
Surveys in a Turbine Stator Annular— Cascade Facility
Using Laser Doppler Techniques [M]. National Aero-
nautics and Space Administration, 1976.
Coldrick S, Ivey P, Wells R. Considerations for Using
3D Pneumatic Probes in High Speed Axial Compressors
[J].
149-154.
o AE. Bl LR & A A E i HE S B0
RERIBEFE D], Abat: AL st 2 il K%, 2011,
(¥t RLH)

ASME  Journal of Turbomachinery, 2003, 125:



