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Study on the Modeling Method and Cooling Design Procedure
of Double-Wall Turbine Blades

ZHANG Suo-cheng, XIA Shuo-cheng,CHI Zhong-ran ,ZANG Shu-sheng
( School of Mechanical and Power Engineering, Shanghai Jiao Tong University , Shanghai , China, Post Code ;200240 )

Abstract: A cooling design process suitable for double-wall blades is introduced. The simple cooling unit
is extracted along the blade height and flow direction, the one-dimensional pipe network calculation model
is established for it,and the preliminary cooling structure of the whole blade can be obtained after cooling
structure adjustment and calculation iteration are carried out for many times. The three-dimensional gas-
thermal coupling calculation for the blade is carried out,and the ultimate cooling design scheme can be
obtained only by minor adjustment of local cooling structure and a small amount of CFD calculation. The
average temperature calculated by CFD for the finally designed blade is 1 049 K and the total cooling air
mass flow is 0. 288 kg/s,which is close to the one-dimensional pipe network calculation results of 1 059 K
and 0. 337 kg/s. This design process is simple and convenient with high accuracy,better than traditional
turbine cooling design process,which reduces labor workload and simulation calculation amount.
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5510 1]

TR, 55 ARUZBEM R BB 79k S H B R R AR 5T i R

1.2 ERATREEM KSR RERNZ L
fegent Fr v I Z5 0 BEit, e 2 fr s, fE it
TR 2, LTI BT, R 2R AP B
RIS . BT IR ENESH SR BRI U
BRITHE W1 R AT 2 B ¥ ED G5 A AT O % O
WAL ST . RS HIT R A S Hi
BT A =GR ST, Al LU B B Ve J 4N
XTI S — 2 A

( [ A2 S Mt ]

}
et
1
( EHII MR L }

vy — ¥ L
; ﬁ WHIZE B i |
[ I
ot l a
E BB R i

.......................................

r , :
8| emsnsEi o B
(" :
it I |
E =M B i

( RE I HIEEHY )

B2 fEgrt A RaigitinE"
Fig. 2 Procedure of traditional blade cooling design’

EGE I it O i TSR R R ) 2
(CFD) 5 BRF , A fE 7 K54 M5 A CFD
TR A SCHE IR CFD 353§ f7 i
K HEETE 3 BTN B2 BE I Rt B B R
FEALFS H LR S R R s
Br ek att

BHIRITEOT ST . MM B E4RER
FIHIZ B E1 0T, SR )5 R A 25t =4k CFD 53K
b 2 3 B — 2k 5 19 X ¥ 1 B 0 HF B IE A5
(Design of Experiment, DOE) . Z23d =48 45 &

Ja B —HEAE AU R, SRR D T HLAR T T 6
B, RIE T PR DO S B L R 8eR AHE 1 o

Iy BRI St . R e R 2
R0 ve B TTH T v o, N2 MR A
BN, EAT I T PR e A ik, =48R
PRSI TAERCOR FBRHR , ARG A TrF R il
HETRTE . A5 R AR BT CFD 358, iH 5 B
/> T i) 47 R, DR T A e A B A P A 59
BEAIHE VS AN G5 . PRI =0 B H R X R
B0 Lt R A I EA T S AR AR IR, M (R D
() = HET AR, Bl m] AR 3 ik i v J0 i

B R E
Y
Ao AL B B 0
por || R K EUTE
RSe[| RESEE S¥iti i
W B AT
st | [ ETEmib | [ TR
B SR (s MRS > B
Homg Ak E St
4kt

B3 WEEMRRECHEITRE
Fig. 3 Procedure of double-wall blade cooling design

2 ETVNEEBRSTHRITSHIMN

2.1 NEERTHRMEMS

Bl 4 RXZEEM R S5 XWZBERITH) i
B g B H M AL e R 2 FOC . AT LA
I e 5 e R 2 DA 7 A BT, I 1 AR R 2
RIS AI0 R 3 A4~ B0 IR 3 A BT R
ZHTT, 30T 8 N ATT, B A R 56 MG A
FC, VS AN R BB S AR AT —
b 8 AN BT BRI ] o $2 S B B BT R 20 D
W], 2% 5 B Hir g A R B BOMEENE , 05 SR
) o g Ee I B g S R



= 4 - MoRe 3 o TR

2021 4

) =4

B4 WEBHHRSEHEB
Fig. 4 Reference model of double-wall blade

BS5 ZEMHANETISE
Fig. 5 Unit division diagram of complete blade

2.2 EMEINERZEEE

BRI R AR 22 00 2 58 WG BEL e 1% AR
FKMTHE, fy FAER AT BRI T — 2 BRI 1L
P R HRR I 2206 28 2K 5 38 b S A AR R A
72, BT 2 CFD HH8A S PR R AT IR IE

PRI — A~ S B ity — SRRV BB BE BT
AT TEMAM SRS . 6 Mg e
B, R CFD T3, ARG o R T 45
Fap Al Pt [ AR T T AR S M A0 d% . Horpr, il
LA FERES 1.777 MPa, AL PRy 1. 312
MPa, i CFD #3311 &ifi 0 0. 003 ke/s, fi B4
By SRR B — eI P 45 7 RS Bl 4
20.003 4 ke/s, Pi#7 il B AHXT IR 22 13% o
F—4EUAR I 2505 FA B (ORI, X — > BE
sz iREHE.

6 HEME - SESHNEESAT

Fig. 6 Typical impingement-film cooling double-wall unit

2.3 ETEXHEMEREITSHIMN

R H TR BT ST b R Ak
T FVR ED SR 5 i P, TR 5 ¥ A i, AT fE [ B
REIGARIRES , FE A —E MR Ml T P

AR R W T B v 2 2070 Ry A 43 B IE AT
AR S G . ZOBUZBER 5 ]
Ve HI B R AIE 3R AR — i e 10, A
Z IR RS, WE 7 BR .

.‘.J.

_{ A '.' .‘!"..

7 HEME - IR - SESANEERT
Fig. 7 Typical impingement- spoiler-film cooling
double-wall unit

XHZRRRR F— 408 TR, i A AR Pk 1
FiR. 2id A% 2% ROT v WL 0. 461
ke/s, P ok, EHAT . FULTTE TR o
i fL AL AL B RS FI A XTI
RUZBER ¥ 21 55T, BT AR IO/ vh AL
TR Dk ool FLARC | B SRR AL R AN A 3
AR DT AT o MBI T 9 MR BT M
T, AR 2 ~ 10, H AR 2 ~ 4 {40
AT L E AR BOR 5 ~ 7 S5l T b AL AR
FEFL B, AR 8 ~ 10 JUIHE I T 4R IR AR S5 H

*1 ERMTELREHEE
Tab. 1 Boundary condition setting for pipe network

calculation

B BEH
B A/ MPa 1.78
BEADREK 725
LA S)/MPa el
AMEE TR MR FE/K 1 200
AR ER/W e m 2 K 1500
Bl R FHEB/W - (m - K) ! 20

FETF 10 BRI i — 4E A I k15 2 B BE TH
PR BE AN QP 8 P o AP A ET BES EL
A REFEAETERE, (HI R KR K. o T ix
A TEZH SR E TS BRI RN 2
AR, F I whal L PR URRALAY
AEAR [RDEE, 75 4% PR T B B A BT S BRI, il



10 4]

SR, AR BT S AR R 15 -

F%I7 , AT LIS 2 B A7 v 40 BT B i {10 1Y PR
BTSN

800
799 -
798 |-
797
796 -
795
794
793
792
791
790

K

1 2% 4 5 6 @ B 9 4
RIS
() A [ FE AR B T P-4 308 B

0.48

0.46

0.44

0.42

S it kg - s

0.40

0.38

0.36

1 2 3 4

56 7 8 9 10
B S
(b) A FRIBERL Y i B

B8 FESBEMITHER
Fig. 8 Comparison of calculation results for different

models of pipe networks

3 RN FBERAS TSN

3.1 BETEMITENBERARSNT

SEREM R A] LU G AR IR 224~ BUZ REHLIT,
Herp ARG 2 SEE A BT 28 S F i
KB BT B S5 K 20 6 L B 56 B it F o, Al
AT AT S gl g A IR, R A — A
AN G BT W B 3 7 A

—YERAT R M 9 B, Horp, BREAEK
BEE AR 1 N AN, 2L AR EUR EE R ANE
i fLEIT, 0 K R AR UL BT
5 A7 PR e 20 2 B ¥ 0l S Y i 4 -y B TR
FIAET S o R 1 ~4 5 KL~
45, ERRREIIHA 77 A~ EfE IR IT, 63
ORUIE (P /R ST g ) - B e L TV i 1 B

AT U138 Ao I I T P AL Bt UL B ¢
L LA WA BTG, T A R R R
R SR R L S ) A A, RO A R 2l A R
AL S PSR 25

g LI Byt

-

.
i

.

(111118

e & & & 0

W1 W2 W3 4

B9 MA—fRETEN%

Fig. 9 One-dimensional fluid calculation network of blades
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