2020 4E 6 J e o AR June 2020

a1 o JOURNAL OF PROPULSION TECHNOLOGY Vol.41 No.6

B S SRR H RS
A MR SRR 5T

WMAZ, RBA, ANERD, KER, AEE

(1. VFEAL T R2: sh i 5aeR2Be, BEPS Va4 710129;
2. PEAL T R2: Bepia iz sh i R e Bl2- B0 900 %, BRI V5% 710129)

W E. ARFSHIAGREN AR T R AT AR e AT, 55 F R KR T R R
TREARZWL (MFR) A 2R FHH (Re) xbvt b R\ AEA B F ek R BOLMHra, vt h AT
HETSHEAMIL, ERAGREHNGHANFET IHROCHRHBIL, FRLERGHENLTH FHEH
o AN AT, EIF R TR LA T EHATTE A 3.0x10°~9.0x10°, *HAE @ Lk Ma % 0.8, MFR
8T E R 5.5%~12.5%, EAEAETu A 147%, FHREREN: TAFTEHIHEFRZT A L@
R, M ERATER mAATEGIERAL TR, A TRA@S/C>0.269 X3 (S/CHLKRKE =
¥ pb), AEAEREZMFRF AR, % MFRKXT7.7% 3% & MFR A F 8 A A I R HAK; Z
R 3% 049 et R HOUE PARE £ H 2 MFR %m0, EZTHERNTMMFRA S mITE ., EH & S/C<
0.7 R AR A2 EMMFRIT & mFt 5, —0.7<S/C<-0.4 X3R04 A A 22 & % MFR % a1 %)y, *F
TEAEAEME, MFRASRZ TR A @A R, At TR ECRR, EA@EFRER
FavR A1 @0 ASEA IR R 2 F R K,

KR HERABAE;, AT R ABRAXAE,; BAFRL; Fh

RESES: V231.1 XERFRINAG: A MEHS: 1001-4055 (2020) 06-1361-10

DOI: 10.13675/j.cnki. tjjs. 190484

Experimental Study on Film Cooling and Heat Transfer
Characteristics of a Fully-Cooled Turbine Vane at High
Turbulence Intensity Condition

YAO Chun-yi', ZHU Hui-ren'?, LIU Cun-liang'-*, ZHANG Bo-lun', ZHOU Dao—en'

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China;
2. Shanxi Key Laboratory of Thermal Sciences in Aero—Engine System, Northwestern Polytechnical University,
Xi’an 710129, China)

Abstract: An experiment was performed in the transonic wind tunnel to obtain the film cooling and heat
transfer characteristics of a fully cooled turbine vane at high mainstream turbulence intensity condition. The effect

of mass flow ratio (MFR) and Reynolds number (Re) on the film cooling effectiveness and heat transfer coeffi-
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cient was studied. Five rows of cylindrical holes were arranged on the leading edge, three rows and six rows of cy-
lindrical holes were provided on the suction side and pressure side, respectively. The experimental results were
measured by the thermocouples embedded in the middle span of the vane. In the experiment, the inlet Reynolds
number based on the chord length ranged from 3.0X10° to 9.0x10°, the exit Mach number of the cascade was 0.8,
the mass flow ratio varied from 5.5% to 12.5% and the mainstream turbulence intensity was 14.7%. Experimental
results show that the increase of inlet Reynolds number significantly strengthens the heat transfer on the vane sur-
face and leads to advanced laminar—to—turbulent layer transition position. In the region of S/C >0.2 on the suction
side (S/C is the ratio of local arc length to the chord length) , the film cooling effectiveness is significantly affect-
ed by MFR, increased MFR leads to decreased film cooling effectiveness when MFR is larger than 7.7%. The
heat transfer coefficient of this region is slightly affected by MFR at low and medium Reynolds number condi-
tions, while it increases with the increase of MFR at high Reynolds number condition. The film cooling effective-
ness in the region of S/C<=0.7 on the pressure side increases with MFR increasing, while it is less affected by
MFR for —=0.7<S8/C<-0.4. Increased MFR results in enhanced heat transfer coefficient on the entire pressure side.

Compared with other regions of the vane surface, the film cooling effectiveness on the suction side and the rear
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half of pressure side is obviously affected by the Reynolds number.

Key words: High mainstream turbulence intensity; Fully—cooled vane; Film cooling effectiveness; Heat

transfer coefficient ratio; Experiment
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