Modeling and Simulation EHL51jH, 2022, 11(2), 423-431 Hans )0
Published Online March 2022 in Hans. http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2022.112039

C3X;REH R EZa RN RYEWN R

FhE K
FlE TR, REIRSAN I TR, B

Weks . 20224F2 4250 FHBEM: 20224F3H14H; KA HM: 20224F3H23H

wm B

MBI G R HRR L, LR TR SERBIT THRA—E, 5 SREE R A #HH I
RE, MITEARBFHAAERER . BE—4ARNRH BB EEGT AR MR E NS H. @it
HRAFESE T CIXH F AR HBRNBMEN, ENERFISESTHZEAHRRREM, BE T8
BE. HREESH R EEAHMEREmME. HRAESRERY: MEHHARTEREENM, S6W%H
BEAAB SR, XBil0.023227#10120.023252, Bl NERE0.11%K, FHEEAHREH
0.32434/MZ0.357, £25A H R IR H10.2% . 7225 TWVEE K, 24KH0.8 mmiENE3.0 mm,
LA A EN0.34INE0.37, 444 H R INEE HN8.82%.

XA
LREWHRER, HiifeHh, HEH, REHEBE

Numerical Study on Overall Cooling
Effectiveness of C3X Turbine Blade

Guoqing Sun

School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai

Received: Feb. 25‘h, 2022; accepted: Mar. 14‘h, 2022; published: Mar. 23“’, 2022

Abstract

In the overall cooling effectiveness experiment of gas turbine blades, the experimental conditions
are different from the actual operating conditions. This leads to deviation in the blade which applied
experimental results, and thus fails to achieve the expected cooling effectiveness. According to the
theory of one-dimensional formula, the parameters affecting the overall cooling effectiveness are
selected. By studying the changes of overall cooling effectiveness of C3x blades under different pa-
rameters and quantifying the influence of selected parameters on overall cooling effectiveness, the
influence laws of Biot number and roughness on overall cooling effectiveness of blades are obtained.
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The results show that the distribution uniformity of overall cooling effectiveness increases with the
increase of the Biot number on the outer surface of the blade. When it increases from 0.023227 to
0.023252 by 0.11%, the average overall cooling effectiveness increases from 0.324 to 0.357, and the
overall cooling effectiveness increases by 10.2%. In the range of experimental conditions, when K
increases from 0.8 mm to 3.0 mm, the average overall cooling effectiveness increases from 0.34 to
0.37, and the increased range of overall cooling effectiveness is 8.82%.

Keywords

Overall Cooling Effectiveness, Conjugate Heat Transfer, Biot Number, Surface Roughness

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5l

PR AR R I A A 7 N — R G H g mim ar i LR, (B s 3G gk g as, xTm
MRLCL R JN VT 7 R AR T R . Z IR T IR B ), Sk v S a5 vt S B
BRI T e BAREHL 2R B ki b, SRR T 5 SERRIg AT LA —80 N A Sese 5 1
s bRt i et MR 22, AR AS B TRIA EI 8GR « @B T F TOL R C3X I 25574 U 24 1
B, BAAFESES LR EIACEERIF M, 53] 7 EEE RS BT £ G4 28GR AN 25 G 8 1
BRI R R o R S0 4 5 SEBR T B AR 2 Al TR T — e B -

York [1]A1 Facchini £5[2]43 %% Fluent5 Al STAR-CD i8I AA 1725 R 2% C3X M- itkAT 7 3440
FERHUE . 4558 B~ realizable k—o A1 standard kK — oo BB FHIN45 B 5 s2 06 45 B AR — 3, 2550
BB KR ZE N 10%.  Luo ZF[3]ELER 1 AN [Fl At A5 2 Tl 25 SR 15 SE IR B0 10 22 S 0L, e B TR B v 2K
k—o B, JEZEME IR K — o 58 V2F SRR = sy . 534t B oR — i A e i 2 1 4 1 T
5L EW) & Gm, FEH V2R BRI SR TR A 74 8 R [ 4 R SR R T S S e {1 A e B
Takahashi £ [417ESLHEAL AT L N AR SEHLBI 0T 7 BUE THE, T0NA3 ) (1 Fr v RS AR AL B ) s
bR TAE R e iR ek EAH F] .

LS N[5] [6]%F HE Mark 11 A1 C3X Iy (S Be d, MK 1 CRX R AR A i) R & B TH 5 R
73, WHFE T imii S i A A T SRS R R, ORI AR A AR IE BPRAS X H F R T AE IR R
S0 . Bohn S5 [ 718158 1 JLHEHRIGEAE T BT A R AR G RETE R AL, IR S SRR BAE T L,
(] s HRUBIE 7 17 0 45 R X v2 AU BT PR A A A 3 T e 17 100 1) S 0 o

WREX[BIERE & ST 25 AT B (P AR IR J R sk ie b, Sl R AN [FI A 5 ) S 3R vk, e 1
WA LG AT VR BN 255 A F SR B 2R o 2 R WX EL I N, P38 25674 J SR AE SR 304 R IR Ak
b i/ e SRR BUBARI PTFE AR SEIG A 4bR 255 A 8052 i A E IR s ma AR /N

Chavez [9]id i 5 4 AN [RIRA 5T i (1 07 2, A4S AL e v i = A 0] B ORI R AR WL S B 00 B
BEHAHVCED, BFL 1 AN F S5O0 4 0% RN L5568 H8CR M52 . Williams [10] 258878 1 WXL
CREV HI RN L A H R, 45 A S R T B TR BE IR I, A 2R
ST T B 155 TR G A& A T P9 74 I8 T8 BE [ X4 Hon) iy AR SR T A S DTk, 2B el
Fr I Ny o (R IEAs FH — 4 24 sCR TR 5 Se i 45 AT 7P, S5 R S RE AR BA P2, H
SR RE S I E AR

il

DOI: 10.12677/m0s.2022.112039 424 e RSE TR


https://doi.org/10.12677/mos.2022.112039
http://creativecommons.org/licenses/by/4.0/

FINEEDS

Albert [T1]XF 5 A R EE DL T B —4ELR A8 A SHEAT THEIE, JFHe Hh B SL0 I8 75 BRI U
IR HN AT o ZF W] Q12 ARG — 4R AR 18, i — DG 1A R EIR B T SR G JIR R R I
X IR RET R SRR RERRERRRE. A AR REA S SECT ER G R A RCR
WIS AT 1 E AT,

F)RB[ABIWETT 1 AN B 2R G v E AR B R L ARG 0, 7GR0 1 7 T S 6 EE R s A
BRI TR I, S Sl B3 8] VRS L, TAEERMERE LR it 22 &R ARCE R
I, AR TN R SR SUR . B [1A]R I ZEAMN B S B R R I B AR &5 A 1077 20, SRIRm e 1R
B, WAL V&L R Zr G v A BCR IR, 25 R W] R L AT DUW] RS 25 578 102K
e, TR EE ARG AN B

ASSTHR A5 NG SR A A R TR DR AR HE T IO ZR A8 B3 E U RIES, Bt 43
Vo HNRRIGE M IS KL, W TSR BONIRLRE FEXT C3X I 7 A R0 A1 LK1 25974 I 3 ARSI

2. WEERBMITE X
2.1. CaX MRt E&ER

1 RASCHUE T TSR, th TSGR G OU R, W FEA R ZH00 1 Zr 650 SRR (1520,
Pt AT S A3 T 00 TR A AN A DL B i P — A [ A

o
CERBD
R l
- — BHENS AR
A — ik

Figure 1. C3X blade calculation domain
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Figure 2. Schematic diagram of blade internal cooling channel
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Table 1. Geometric parameters of blade
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K /mm 562
i /mm 549
HIHEE /mm 457
U B3 3E 7K 77 B4R /mm 98
12 ) S E 7K ) EAR/mm 46
EE 2 /mm 12.7
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Table 2. Boundary conditions
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Figure 3. Pressure coefficients of different turbulence models
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Figure 4. Overall cooling effectiveness of different turbulence models
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Figure 5. Overall cooling effectiveness at 50% height of blades with different Biot numbers
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Figure 6. Effect of Biot numbers on average overall cooling effectiveness of blades
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Figure 7. Overall cooling effectiveness at 50% height of blades with different roughness
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Figure 8. Effect of roughness on average overall cooling effectiveness of blade
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Figure 9. Effect of roughness on blade heat transfer coefficient
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