W11 HE ETH 201143 A
1671—1815(2011)7-1565-05

By e R 5 TR

Science Technology and Engineering

Vol. 11
© 2011

No.7 Mar. 2011
Sci. Tech. Engng.

AR

RETRRIARIE P RS L A A R

x| pn 3!

HER

= 2
B4k Hr

(PHE S AU 1 R G TR K A 00 s MR IR 8 J1 TR A2, 7% 710049)

i E AXEARIRINGERR ORI ANEA, E I RET AR T AL NAREARR/ ZAR AR

fode AR 6,

ZPemERIN KAREBEPHRBEAHEZEAERRE, TUHRTHFAABENER ZAF

A TR AT o AR TE R S AR A A A T R4 A AL A R A AT . AT R R R T R A R B
A REERMEREGTEAHEMILASHEIRCR) SIS RGP A, RF TR RS RN AH AT E R AH

S5 B R B R BB R
K] AR ERTR
kY TKI24;

LA A
SCEkAbRERD A

R SE Ve TN AR I S = MR A LM RE Y
FER, BT R R A R BRI AR
HAVRHEAR, KM, BEEBREVLA DR T
L B ZS SR E R © Ok Mok T 2 A5
Bl s8R e AT RE M i R A 0K, R il 2R LB
AR CHE, T2V T LB A HLF
HARPERE , SR 2R R ML P % il T 1Y
VRN BT 2% 3 i v BRI, TR I [ P A ke 20
A AT T REBFE T GE A F Bk
P ZE VAV ENEAR B T e Sl i 1) i B R SAE AL,
fd fa IR ECHUIR R R IK 39% | BRB TEFR AR5
60% ") FRE XA ML N 2 VA H
FARMWFFATI L T B B o

BT, ENsb e g idsr TR Z ™A N
E KB HIAK R4, 195 [F Texas A&M University
R Py TE 2 A MU B R 4, North-
eastern University ) HZE LIt F N8 E =S8
IR 24" ) 475 Marine University A K
i 1e5 HERUIHLRE R T2 SR HIB LRI R L 1

2010 4E 12 A 13 HUgF) F% 973 BHFI5 H (2007CB70770102 ) %5 B
B 1EH R XN (1984—) , 5B INAR BT A L0584, i
FEI7 ) R AW IR AR EIHE AR

IR A

BT 4

PIIPEAL oL e i e o, PRk e 2 BB
FEIAF AR LAt 7 1 2R LA R 58
A B350 2R GBS ] 23 g P AP B - 1 A U 0 3
PR BE TS DUt 9l P R i 0 2 5 2 s RS |
A 1 (Gl R R IR AR ) o bk PRl
LRI R G0 T, 1 B e S U )= T ik
BR ], BB AT 5 1 56 A N s B A SRR
T EIZE B B B o, e 1 O, B A AR
GEAREXS I Fr AV I E 28 1R8N HEA T RIS

VeI ST 22 R g B A 309 F I N v i T
SR A A ARG 2R T, F T TR v ek W e I R A e A A5
MBI I HA B S EUR T LSR5
Fr AV T G 28 VR B 5 H AT R L2
H3H o

N T ARG BAT I A P BT
Fr V@ IR, V22 588 R~ ] 3 22 48 M Jo kT R
FEHTIESL T Z2 DR 48 i A PN 74 38 3 56 A6 e Pl
ARG, Zils RGAEA] LI 2RI 2 %
BIR /NG P PG PR R 1 0 P 452 BEL D Rk L 38 T B
ANTR TS 38 T8 A AN [ ¥ 2045 48 T B v H 4 BB
B, Sy S IYAH L )BT A v B AR TR R
Bl A R I ¥ HIR TR 2 R 6 o DU 42 {33
WS RF o [V o O e A R A 51 T AL 1R P A


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


1566 B2 R

5 I & 11 %

FEBEROAR S AT A R AR AR L
et it RGP R IR S R

IR B S AR LR = A7 Jig I
5 -

1) R P T 78 VO U et M A 3L i 46

PARIGHTST 5
2) NV I I A A P A A
PRI

3) RSP HIRSEB AHLR RS v
zpifﬂ%o

A S E D

WP 1 P 6 R GE 280U AR A RS
AL B i OB i e B I B i B Bk
B HEORE B R P s R R R G A LR o
il

Qi o= PR Bk
o< i R NIk [T i) e

1= Wz SR 2—ve T2 S DB 2% 5

3R IS U U s 4— 7R IR R AR

S NV T TG B R 5

6— I F NV i H LR B T—HE I A
BT et R v i s A i Pt i -1 5 R 4E IR

R 7 2 5 0B R kAR R A D
(40—600) ke/h, = 14 0.8 MPa Ay 56 I 7
R, SR Bk RO A B AR B, AR5 TR
R Bk &, DL — o 1 2 5% B O 2 i e B
MIZEFINAR, B Ja , DM 28R A HE R i &
Hem KR, WREIESE SRR RS iRk
I AR AR A

ZIRE T & AT 7 AR AR LT R e

HZR AR AP AT T . 2% J S Y
PR < 6 28R/ A A L IR B v L Al
AR A, ik B R S, Mz = R
e, R K a0 B 9 S T A R ) A SR L
W ARAS 2R/ 2 TR 1 008 3 PN ) e A e R 4
FEI et o 20l & 1 R AH R S B, B 5
EALN Y XoF G 5L A AH [) 68 R R0 DU R0 B ) BR 1 1
S LR IR T R SRR B, B R
5 RGN EEHARAR RN 12 HI VIR EE - 100C—
230°C % LA L J1: (0—0. 8) MPa; ¥ 128115
K600 kg/h; ¥ 5128 ORI : 2 E-—250C; %
WA TETT:(0.1—0.7) MPa; &A1 Sl R
10 Nm®/min,,

2 SR E ARy B

2.1 |(R)BEREBRFIZIT

e 1 s, =T RH 1 G BT R AL
ik, Ho e K it o 10 Nm'/min, i K J1 K
0.7 MPa, J54izs R 2ad 8 4% E A 25 Uk UHE , il
AU 7 0 B R I B 2 MK kA T i BUE
W B i sh IR i L T s g A
B RR g 4 A R A K 3 AR 43, ORAIE TR 4 45
BTN s R 2 B SRR E IR, A
U6 B UM T B sl /1 s A8 i 3 B IR B
W RS 1 B T B, — AR A A 1B el
A 56 B I 5 sl IR R B A - L 1 AR
L, 1T — i R A R G K R SE B R 31, 5 %)
BELIBT I, PRAIE 2R 48 22 45 sl A 1 1 2 B2 02 i oK
P IR B UM A i A 5 T 5 ] 2 TR B b
ZERREHRRARG, A RG] LU T4k,

LR B 12 HE U R RO A B
T AL R [T B o Bl AR A IR Y i
B BEN SR B g, A G AR 3 U T 00 5 Ak 1
R BHWT IR 5 B, — MOAE B a5 K 8 A 5 1k 1ol
W JEAE R GEA AR By 1 AR [, PR AP s s S ik

AT M — G 2Rk i, WaEh


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


73] XA, 25 - mlid i FE i v i s AL e U e R e 1567

(40—600) kg/h, fiz 714 0.8 MPa, 287k E
i EH — 15 2 A R — A 2R R A
TRER I, AT UM 06 25K 3 5 i 7 1) 2% o Ao
PAAS A BE LA A [ 18 T 00 R . 28Rk
A g IR BUR I B 2 RO A i T
B i B IR I, HA R T b s U
AL T TAR T o

T B R R N TR A S A A
VR B AV R AR OO, I OB, ARt
6 B3 AN RS SR E AR T80 SH B4 M 4
SEBR AL AL E S T 00

TG BN AR E AR R T AR i i B iR 223
BB AR MR B — S R AR — B
B2 0, T LIAR 318 12036 T 000 25K, 9 759 58 aod 3
6 B 10 HEL AT A TR AR I R B Y A Rl
AR AT LAGAE] 4 500 A, iR 7.5 Vo
2.2 REEREMBEEGIT

16 B S FUI A B AL 5 e R
Whoro 12 SRRt R i SN P N vl T AT LA
AT AL Sl U B 8 T, 2% I I X bl
AR 30 3 A v A i AR LI R O TR B2
R AL 250, 12200 6 B e -t SR T I 45 fi 16 1
ko BB Kt B R BR I , 252 LB 2 1K
K BEEER O (300—400) C

R P9 A A S50 6 358 B
POREE R ZAR T 120°C , ££ 5 i I 52 5, e FH 44
BEEA R e, AR , i BB FIAR A 4, T A 1
6 Bl BE R e, 1T HL 38 A 28 U T B, R

REEIASTT ], 5 B30k FH TR 3R R F I L 5 A 4
HIR KL, LA L, BN, 2% E A s it
B 1 A B B b R R R A T AR 65 4
1CrI8NIOTi, 2 $ctn s 1 s,

%1 1Cr18Ni9Ti R %R (E ik R1E

L /¢ 1 400—1 500
P M o i I BE /C 850
B BE i e {0 IR E /C 650
HUhrm e /(N + mm?) 550
HLBH = /(Q - em) 7.3%x107°
iR /% 40

FE N ANBUA 156 - 15 — SRR 3 R AR R
RGN e 0 3 Y PN BE TR, AR T A X
TN TRREE RS, AR
Zm #F] (300—400 )C, HAR R L 4
50 kW/m? o p TR 5 BE R, SR A e Oy
HAIE I, BEAh, i T A 16 B R TR $AN 45 B9 17
PR, WP O B 0K W T T N BE . 220
A AP AT, 10 B R AR I, KL R T
M 4 PR 4 (] 5 71X B P o, () s
o G s AR R TR A0 2T 4 40K U6 B S AR AR A 1
Yt SRR T7 2O PR BE T B 2 4,
PO AT LURR A 00 75 B, i Ll R 00 A A A
P B, B HA PR R R g Bk m AT
I BLAT AN 3 i

= UL [ e
AR

4 Y
Q Wik #&%ﬁ E
(a) AT

OF::41)

B3 v T g Be A A ]

2.3 HERERSHEHNRE

S B R AR R G R B R B 4 F Y
mx100 R4, [Fif af PSR 4E 70 4~ (4—20) mA b ifE
HULR 5,230 > A SIS A B4 B
S0 R RN I T e R g 7 I L BN

LRGP 15 A0 0 B in P ke R H 7 3,


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


1568 B2 R

5 I & 11 %

AR AT L o 3 30 B A H IR R/ R TR Y
B AU ) s 1 R0 0 e R A 2R L I A 9 R
AIRCHR: B B9 AR o 3 1 U Be N R AR IR
] LA i R YA Y I B O R SR Y 5 1
BN U 64 1T g mT AT o a0 B 1A Y R B TR
Pl T 5 B R AR LR, T8l
I LU ESE R, B A B - 65 P2 ) R 58k I
e F S, AR U0 R, U B S R B
AL RE IR 7 ML B, 2R 48 2 AR A B0 5E 4 O S ] A
iy, BRI T,

3 ARG

FEE NI AT 25 R HL I & i SE b ik
TS A3 A w8 T R 6 I P YA A T 9 b i B
B RGHA WS AT
3.1 IheesH

RIS 5 A AT LA 55 28 1508 A1, i v] LA
HEAT 28 SR HVERE B X FE ARG AF 5T 5 Hedie K2R v qlt
[ 600 ke/h, e K45 AL B2 600 Nm'/h, i
B TOUESE s V- B 451 R 0 R A 2 R — i A
(R B P il 7 iy, A AR IS 5 7T ASE B [ h 4%
il S A R R E S TS0 2 i, &
G AhAT A RAESH, HEXIILBER, 3
B0 B o
3.2 mpAKEE,MNAFEHE

AR 6 R R R, K H 3 A9 7 2 A4t
5B R AR 9 [ S A A B 1 TR i K B A
DL T LA S 1 4 R RN OB 1A T B 4 o o
Wi AN AT X i 2 4 AR E =, T
FLBm R O 3 ek A, ol 75 3 0 A P4 A AR 1Y
f 5

IRACHILI HE I R A V8 8 T8 28 V0% E0 R 9 1K
BTN T AP A R A S5 M B A B
Lo EF 5 =S AR LAFEAT 2837 28 e

Fir PRE T R UL L el B B AE B IR AR R AT O
b ] LA i S A B, EAT e T PR U B R B
ANTF A v AR DT, A AR i 3a F 1 o

2 £ X #t

1 Bohn D,Ren L, Kusterer K. Investigation of the steam-cooled blade
in a steam turbine cascade. Journal of Aerospace Power, 2007 ;22
(5):673—382
2 Burdgick S S, Sexton B F, Kellock L R. Closed circuit steam cooled
turbine shroud and method for steam cooling turbine shroud ; USA, US
6,390,769 B1. May 21, 2002
3 Wang T, Gaddis J L, Li X C. Mist/steam heat transfer of multiple
rows of impinging jets. International Journal of Heat and Mass Trans-
fer,2005 ;48 :5179—5191
4 WIRE, R R AR MR A TR AL SR P RE S AT
AT R 2R AR ,1999333(3) :335—338
5T W, RULYE R B GE IR PN TR A R A S R
B U2 B 15441, 2008 ;23 (2 ) :237—243
6 WISREE, REK. FRIOR M BHAR SE IR T IS R A A L.
IREHLELAR ,1998;11(3) :27—34
7 tHFAE. GE ARIEAUATRHLRINE RN MARBILER,
2000;13(1) :24—27
8 Chandra P R, Alexander C R, Han J C. Heat transfer and friction
behaviors in rectangular channels with varying number of ribbed
walls. International Journal of Heat and Mass Transfer, 2003 ;46 :
481—495
9 Chandra P R, Niland M E, Han J C. Turbulent flow heat transfer and
friction in a rectangular channel with varying numbers of ribbed walls.
Transactions of the ASME,1997;119:374—380
10 Taslim M E, Lengkong A. 45 deg round-corner rib heat transfer co-
efficient measurements in a square channel. Transactions of the
ASME, 1999 ;121 .272—280

11 Korotky G J, Taslim M E. Rib heat transfer coefficient measure-
ments in a rib-roughened square passage. Transactions of the
ASME,1998;120:376—385

12 Chang S W, Liou TM, Lu M H. Heat transfer of rectangular narrow
channel with two opposite scale-roughened walls. International Jour-
nal of Heat and Mass Transfer,2005 ;48 :3921—3931

13 it B RENE =5 MR RS A E T R
BARTTE. BAEEHLEAR , 2004517 (4) :41—47

14 fhZepk, EHRE. KGR Bt B . Jb 5t Jb Bt 28 2 Be Bl
#1,1985

15 Park J S, Han J C, Huang Y. Heat transfer performance compari-

sons of five different rectangular channels with parallel angled ribs.


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


73] XA, 25 - mlid i FE i v i s AL e U e R e 1569

International Journal of Heat and Mass Transfer, 1992;35 (11) . Contractor Report 182133, 1988 .1—172
2891—2903 17 FIRA, Bond. mea & dbat: fhaf Tolk i A, 2006
16 Hylton L D, Nirmalan V, Sultanian B K. The effects of leading edge 1—612

and downstream film cooling on turbine vane heat transfer. NASA

Design of Heat Transfer Enhancement Test Platform of Turbine
Blade ( Vane) Internal Channel

LIU ]ia—zeng1 ,GAO Jian-min' ,GAO Tie-yu2
(State key Laboratory for Manufacturing Systems Engineering' and School of Energy and Power Engineering®

Xi’ an Jiaotong University , Xi’ an 710049 ,P. R. China)

[ Abstract]  For dual fluid cooling technology of high-temperature turbine blade of heavy-duty gas turbine, the
steam heat transfer enhancement test platform of turbine blade ( vane) internal channel is designed and built with
which heat transfer and friction characteristics of steam/air in blade internal cooling channel can be researched with
rib turbulators. Steam and air coolants were supplied by air compressor and steam generator, experimental investi-
gation of convection, jet impingement, pin fins of steam/air and heat transfer and friction characteristics of different
cooling structures can be carried out with the platform. So, the influence law of flow resistance, heat transfer en-
hancement, various cooling geometries and steam/air’ s aerodynamic parameter can be reval, and the best cooling
geometry and heat transfer correlations of steam/air in blade internal cooling channel can be known.

[ Key words] gas turbine turbine blade dual fluid cooling steam cooling test platform
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