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Impingement Cooling of Turbine Blades under Suction Effect of Air Film
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Abstract: To explore the one-dimensional network calculation method for impingement cooling of
turbine blades, an independent one-dimensional network program is developed using Python. The
research focuses on impingement cooling models for flat plate cooling and leading edge impingement
cooling with or without target surface air film suction. Through an analysis of the internal flow
and heat transfer characteristics of impingement cooling, a local resistance correction method is
introduced. Considering the impact of air film suction, a heat transfer correction approach for
leading edge impingement cooling with target surface air film suction is proposed. The results of
the network calculations are compared with experimental data and three-dimensional CFD results
that are verified through turbulence model validation and grid independence assessments,

confirming the accuracy of the one-dimensional network program. The findings reveal that the
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one-dimensional network program demonstrates high precision in calculating plate impingement
cooling, showing close agreement with experimental data and a relative error not exceeding
12.4%. In the case of leading edge impingement cooling, the flow calculation results of the one-
dimensional network program, following local resistance correction, exhibit minor errors but are
overall consistent with the outcomes of three-dimensional CFD calculations. Given the influence
of air film suction, it is necessary to further enhance the calculation accuracy of leading edge
impingement cooling with target surface air film suction. After considering the effects of air film
pore structural parameters and air film pore outflow ratio, a heat transfer correction factor is
proposed, and a correction scheme for the network model is devised. Post-correction, the
calculation accuracy of leading edge impingement cooling with target surface air film suction is
notably improved, with a relative error of approximately 10%.

Keywords: impingement cooling; flow network calculation; film coolant extraction; correction

58 &

method

Wi 5 IR 3 O T IR I OR W R L B
JIT 7K 32 ) B AR AT B 22 15 L S T A e R R R Y
T RS 2 A AR R T e R Ve H R BEAIE
SRR EE A H TR R . FEARZ R H L
A et v AR AR e Jm R 4 B AR B A R U
Z— BT ol U 2 I 55 25 R 5 B PR A
JOE 3 A8 TR X3S A i I £ v 5 DX s R e v R Bl i
R R 2% DX R

I e 5 DX I ) S T gt SRR /N 3 T T A R
M 25 A B 58 . 07 B s ¥ 20 46 44, Florschuetz
SR RS T Al R ) Y SE 0 Gk, Yang N OF
FE T AN TR F 1 B P Al i i v A U 3 e A REE
D RiE SRR S N N R R S TR ()
HIBIZE GYTIE S A O i R I DI SRR O R s TN R/ e
SERCE T/ RG2S A T A REZY
WA, BLAE 1969 4F, Chupp %5 05 0P 58 T2
(B T8 8 T ) o o v A A JR 2 T el v A
B SR B L 86 e Al b B AR O R
FORXF S BR it B A 2 oh i v A A O 5 2R RDE #E
AT T H . R0 A BUE 5T T SR A L K o
i FLEGH SO0 1T 2 oo v 203 3l RN 4 B Y 52
Me SRR 2 X308 R e i v A RS
HIMSS G R E G T X T N &R b s 2 207
B RS EALAM W B B2 . Ekkad %5 SR IV & 2
IRBEAR X7 AL A W A op i v E R R R AT T
WFFE . 25 SRR W, AR LAl WA P A0 36 T A S 0 1) 5
M il 553 0L 1T 5% FE R B R M 4 A . Yang SV
ST T A TR B 7 2% vp o ¥ 2RI O HRSE T
WSROI SULSFREESINi P71 0 I IV ARy 1/
TARBEAL R A X T R AR B ) ke A R S AL

http: // zkxb. xjtu. edu. cn

{ELAIFSE T AL A B X S B i R i 2% o o ¥ 31 1 52
W, ARATRT AR X AR AN BUE R O T AR A
X i ¥ E B 4 A 5 T

TS — i — 4R PR 5 vk, TR
357 R PR B 45 H A BE T R R A BT Y
G v U W O = I O RO S | BB = TR A A S IR E
FIT 37 BT A M 25 ], Majumdar 550° JF
BT —F 12 g A A T8 I B RS FE 0 A N T
B, Jelisaveic S5V TR R A BB ST SERE L F &
TR B AN A A S k. ENW
WE RGN RSB T E MR A,
T W 4300 X R B T 5 — S sh i B R O
F S AT TR H AT X4 AR T B
IAEOORE A AR A TR N TR A R, 43 il
Xof B 28 W e 5 R S TR BEYS Ft AT T
AT T, 2 A 50 L N A M
X Mark [T 0 B N 358 9 38 9547 T s B3 0, A AL
MRl TS AR . A A TR
By it i 2% oo ¥ 20 B N FB B A b o ¥ H R L OF
X N B A R kAT T Ak,

ZEA AR AT DL R B A T AR vz g
TVt R TR NS R BT X e R AT
T 2 U Sl A AR DA B A TR ) 5 T R R
REAR T 45 TSRS B . O 1 i I T 5 i o e
N T35 it R b i v A5 R L O 4R RO
AR 353590 DAST- i BT % o o v BB Y Sy B SR R 42
FIH Python FF & T FF BT 40 A7 ofr o ¥ 219 45 9
AR, 454 ANSYS CFX =4k 18 % i, % 4%
W TSR T RS B HEA TR I B IE . X TR & b
AN A TS M T TR A R ke b o v IR




114

UMK 4 AR R 2 A o ol v A A — AR A V585 IR ST 67

B BRI R TR R R0 I T
1 E MR R

Loyl 7 — 4 M R P O AR . fE AT
T Z BT BT RS i v A AR L
4R A8 RIS, I HL 45 8 A LT 2805 i 5t
A BELBRIT

CI AR -t v 20 45 7 1) A8 0 A B 38 1
BREHR A JCTY I B TC 5 Y 5 20 A B L 9 R T Python
(52 22 45 53 BT 1E Networkx Az il — 4E45 I F1 & 5

(2) AW ISR ILAT S5 4 58 T s Gl 5
S LA B A% Y A T I E AR S WG A5

(3 FEATAE TSR Ak 9 12K J3E 2R U i b ot
AR HEAT R A B

e
diB

HATE /RO

GERE Y

M oA

|

|

:

|

|

(L%

|

]
|
|

Y — (LA

WL

H LA

JE D1 Tl 5

e

ok R R
P AT B

T

KO i
Ab AR ER

1 — 4R M AR A AR

Fig. 1 Flow charts of 1D flow network calculation
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Fig. 8 Flow network calculation model of blade leading edge impingement cooling
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Fig. 9 Total pressure loss of leading edge impingement cooling
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Table 1 Comparison of the total pressure loss calculated by flow network and CFD

T 2% vh it ¥ A NN LN I E QUURTRE |
Lhyive i ‘ AR ‘CFD i P ‘ M5 ‘CFD 5 T—
SERLR /Pa SE SR /Pa MERLR /Pa SRR /Pa
s AL 180. 1 195.3 7.78 229.5 264.3 13.17
it S iR 163.1 203. 6 19. 89 536.3 469.7 14.18
0 R 19 830 22 470 11.75 239.2 230.1 3.95
AL 242.1 280.5 13. 69

K 10Ca) &5 T R4 ol v 0O W 1505 — 4k
CFD T35 21 A5 B ) 254> oy L 0 B i 4, 4 1
TR B IR S A R RA R SRR B
RGBS IR SRR S =4 CFD R 45 R &
R ARXT R 22 1F 500 LI 5 28 )R 3 B 48 1E U5 B9 45
SRR 1) 1 AR AR BE R IS CFD 3134

P10 () 25 1 M = il B2 ) iy 5 oo o v 00
4 2% HEUBEFL R 5T B 3 B X LE L 4 T R AR B
THE LR B MR AR 45 R B IER K
EMIHA RS =4 CFD R4 R & R4 121
SR A AL I AT R RORE L M IR ZE AR 14
A TG LE T A TS SR Y W AAN T 5L Y

0.48 - 4100

—e— g, CFDIIFEE 3 o HRRZE (IR
0.46 L = @ TS GEIED v HIXHRZE (B IE)S)
T e g BRI (B IES) 480
044 i
o~ {60 =
) b
;n 042 :5
E {40 &
040
038} 120
0.36 ] T e x 1 X b S { x 1 & . 0
0 2 4 6 8 10
Zep!
Ca) o L G o 37 2
2.00
mm g, CFDi 5145
175 g, RS (B IE D)
Lsol g, T (1B 1E)S)
125}
;o 1.00 |
05t
0.50 -
025 I I

0 AL UL BN UL T3
(b) S REAL 171 5T o 3 o
B 10 MRS =48 CFD JH5 i B B i X L
Fig. 10 Comparison of the mass flow rate calculated by flow

network and CFD

http: // zkxb. xjtu. edu. cn

it 5 5 G TR L 7E 25 2 AR ) R AR B
T 5 HE AL A HR 9 5t 3 o B AR M )L OF HLBA
T TAL . (AT — B AR T AL A
W AR P oot s PR AT 940 55 T D 55 45 A b e L Y IR
G B 2R

SRR U L 28 0 JR B 5 1E I A R T O
ST R S5 R R AT UFE R 2 oh i 2 2 AR
B B0 L
3.3 BIGATZAANEMEFBRATELERRKIE

FRARX A2 HEB R Nu,,. #5555 E
AR B R T K TR 10 Ca) HP A R AA A B Y o
i LT I Y R i 3 T K TR I A A
() N, 23 Bl ) B T K, =4k CFD 115 19 45
SR, bl TR T AE ek s N HE AR R R o v
ek 28— E B E S, X — W 58 M
BEERAN, MTRADE B THBIENT &

£ =1—0.01(G./G)* (21)

BN YOS R i A I i 1 Gl R LA £

WO IER 5 A2) M3k, v] L1 5]
FEAE R T TS o2 200 85 98R-8, i TRE T T
T 2% i ¥ 10 A9 S M G5 /N TP A DRI 48 T TR AY
URIET TR 25 R b Heae i Bl ks . i 11
JT7R S B 1E 5 0 115345 5 v] LA A A A0L N, TR
JE R AL B T 1 AN SE 2 N FIRAEERR
R 2240 AR & B AT MR 22 7F 10 Y0 AN,

12 435 2 0 T AT 0 T AR b g A4S Y 3
FE =4 CFD i3 2 Nu, ST, Bl = 48
CFD 125 3 3R B, Y 77 76 0 16 A<l o o, o o
B Nu,, B3 83K, IF BV R ) JC B B 484k,
FAR A3 12D TH 5845 W 4 1, DR ot 285 55 B 300 A /)
FHXT R Z B 20% . A B A A S, ST L PR
FHTZ 0w o A EN AT L X — R 25 S TR IR
BT O T A T e A S L 3 T
P TET CHEA  F T  wofr  ¥8 0 ) — A I R B
B IE




74 W % x W K ¥ ¥ 58 &
50 ‘ 100 | RN |
—e— Nu,,,, CFDi 54 4t o AR R ZE (B2 IR 10 1520 25 30 35 40 45 50 55 60 65 70 75 80
—— Nu, B GBIERD v MR (R IE) Nu
A5 T — Nuy,, B (B IERT) 780 r 1
a0k H60 & . ‘ . (<
H - * jﬁg & k \
§ *"\‘\._\‘\‘\ oK 7 v
sf 100 E o 0 O‘J :):
O O (®)
30 - 420
* L 1 / \ 1 I
- A
25 . N T S S SRR 0 ’ /mwl ‘}‘/ Z’/"‘ /41(:\ 1/7
1 > 3 4 5 6 7 3 9 10 Al R i X AL AT 54 X I
Zer & 13 8% 2E R R = A
B 11 R IERT B Nuae Fig. 13 Distribution of Nussel numbers of target surface

Fig. 11 Average Nussel number before and after the

cross-flow correction
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Fig. 14 Flow network calculation model of compound impingement and film cooling in blade leading edge (corrected)
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