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Two-Dimensional Cascade Test of an Air-Cooled Turbine Nozzle
Part I On the Experimental Results of a Convection-Cooled Blade

By Toyoaki YOSHIDA, Kitao TAKAHARA, Hiroyuki NOUSE,
Shigeo INOUE, Fujio MIMURA and Hiroshi UsUI

An experimental investigation was made of the aerodynamic and heat transfer performance

of an air-cooled nozzle cascade for a high temperature turbine. The experimental equipments

. consisted of a low speed wind tunnel (Umax: 70m/s, Exit area: 500X 270mm?), a cooling air
system (Volume air flow max.: 40m?/min.) and a heater (Power max.: 110kW).

For the representation of the heat transfer performance of the cooled blade, the relations
between temperature difference ratio y (=(Ty—T})/ (Ty—Teo)) which expresses the cooling
effectiveness of the blade surface temperature and several parameters such as main stream
Reynolds number (Rey; 1.8X105~4.4X 10%), incidence angle (i;—6.7°, —1.7°, +1.3°), weight
flow ratio (G¢/G,; 0~4.3%) and temperature ratio (Teo/ Ty; 1.10~1.35) are shown. Some
possible corrections for the cooling effectiveness are discussed for the application of the data
obtained from the cascade test to the turbo-engines. The value of 7 at the leading edge is kept
at a high level (about 0.5)by an effective imgingement cooling; and, on the other hand 7 on the
latter half of the blade toward the trailing edge region does not decrease extremely by virtue
of rear injection. This indicates an improved cooling method for high temperature turbine
nozzles because of the acceptability of the blade material strength.
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B 3.5 f5Th b, W7y —BiTElkEk, B8EO
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REE C X2 % CHEEELRT

x 14 x v
6.041 6.599 42.861 8.987
8.987 8.511 49.956 7.729

12. 467 9.552 56. 965 6.773
16. 041 9.987 64.643 5.950
20. 237 10.770 72.625 5.038
24.877 10.943 81.016 3.994
30.498 10.379 90. 034 2.823
36.479 9.640 98.647 1.561
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* 1 HEKHEBEHHE
Blade Profile Nozzle (Mean)

Chord Stagger 1 B2
45. 000 +45.000 —8.000 +69. 970
Blade Surface
Oridinal Camber Line
Upper Lower
Points X Y X Y X Y X Y
1 1.914 2.970 2.959 0.252 2. 886 3.221 3.033 —2.7117
2 3.265 | 3.830 4.834 0.217 | 5.081 4.039 | 4.587 —3.605
3 4,862 4,299 6.853 —0.023 7.594 4.212 6.112 —4.257
4 6.501 4,494 8.735 —0. 459 9.991 3.856 7.479 —4.774
5 8.425 4,846 10.738 —1.177 12.646 3.277 8.829 —5.632
6 10.553 4.924 12.740 —2.184 15.211 2.075 10. 269 —6.444
7 13.131 4.670 14.924 —3.647 17.754 0. 068 12.094 —7.362
8 15.875 4.338 17.015 —5.436 20. 006 —2.293 14.025 —8.578
9 18.801 4,045 19.034 —7.555 22.086 —4.901 15. 982 —10.209
10 22.055 3.478 21.074 —10.117 23.879 —8.061 18. 268 —12.172
11 25.270 3.048 22.916 —12.821 26. 488 —11.185 20. 345 —14. 457
12 28.791 2.677 24.774 —15.943 27.111 —14.639 22.436 —17.247
13 32.452 2.267 26. 557 —19.338 28. 587 —18.331 24.526 —20.345
14 36. 301 1.798 28.295 —23.042 29. 938 —22.310 26. 653 —23.773
15 40. 437 1.270 30. 034 —27.153 31.212 —26.679 28. 856 —27.627
16 44, 388 0.703 31.587 —31.186 32.247 —30.943 30.928 —31.430
Camber Line A=—0.00060 B=-0.01691 C=0.14054
Pitch s/C Throat Position Throat | cog-1(0/9)
idth
N P.S. (X.Y) S. S (X. Y)
35 47,241 1. 050 30. 928 —31.430 17. 247 —46.711 20.510 64. 268
37 44,687 0.993 30.928 —31.430 17.986 —44, 847 18. 642 65. 345
39 42,395 0. 942 30. 928 —31.430 18.709 —~43. 264 17.010 66. 345
41 40. 327 0. 896 30.928 —31.430 19.997 —42.618 15. 642 67.178
43 38.452 0.854 30.928 —31.430 20.400 —41.146 14.326 68.126
45 36.743 0. 817 30. 928 —31.430 20. 814 —-39.913 13. 200 68. 945
47 35.179 0.782 30.928 —31.430 20. 811 —38.026 12.078 69.921
49 33.743 0. 750 30.928 —31.430 21. 355 —37. 446 11. 306 70. 424
51 32.420 0.720 30. 928 —31.430 21. 855 —36. 946 10.618 70. 883
53 31.197 0.693 30.928 —31.430 22. 337 —36.501 9.975 71.352
55 30. 062 0. 668 30.928 —31.430 22.771 —36.117 9. 408 71.763
XY Plot Label XYLNM 1
In the Case of Chord 112.5mm
Pitch S/C PSE.Y) SS X.Y) Throat Width cos~1(0O/S)
84,358 0.750 77.320 —78.575 50.339 —93.615 28. 265 70.424
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By E C=112.5mm  Bi@¥® 6.6%C) 7.425mm . (7.4, 0.6)
#BBEE (1.5%C) 1.688mm . (78.8, —78.3)
v il i 4 AT
fE &S
xrmm ymm 2 mm ymm xrmm ymm
1 7.215 8.053 7.583 —6.793 7.398 0.630
2 12.703 10.098 11.468 —9.013 12.085 0.543
3 18. 985 10.530 15.280 | —10.643 17.133 —0.0475
4 24.978 9.640 18.698 | —11.935 21.838 —1.148
5 31.615 8.193 22.073 —14.080 26. 845 —2.943
6 38.028 5.188 25.673 —16.110 31.850 —5.460
7 44,385 0.170 30.235 —18.405 37.310 —9.118
8 50.015 —5.733 35. 063 —21.445 42. 504 —13.590
9 55.215 —12.253 39.955 —25.523 47.585 —18.888
10 59. 698 —20.153 45.670 —30.430 52.685 —25.293
11 63.720 —27.963 50. 863 —36.143 57.290 —32.053
12 67.778 —36.598 56. 090 —43.118 61.935 —39.858
13 71.468 —45.828 61.315 —50. 863 66.393 | —48.345
14 74. 845 —55.775 66. 633 —59.433 70.738 | —57.605
15 78.030 —66. 698 72.140 | —69.068 75.085 | —67.883
16 80.618 —77.358 77.320 —178.575 78.968 —177.965

B5 # &R R4 K

HEREORE bH#id, QRHAELKBEIERDO L
£ 7L (B%E, /ZAAQEE, HOBETE
BT 5, Rep=13C/uy) BLBXI(FE Y~y H1IR
RBREORIH AL 1/ A X 1.8X10%, 82k 1.4X
1) RV TERRENRT 22HEL T2, Z 0O
HIXBHEKOHABEEZOHOEE, EBDF 2 ~
IHEYERT AL 2.5% FRFLEBL VL S
&3, BE-HBRERKRESERL L, H#s — ¢
YRYRESET 1 BARER RELEY H» TR/
0.7mm BETHAZ &b b, WERZ 2mm ¢ §3,
DX D AL EBIC LTRSS, BHEPRm, %
BREBOHRERD X I IZFRE LI,

3.2.1 B
BEAFAOREZELE L SR VDRI RY v b

FERICEZ4 Y€V P RBHBEE LOBRERS ¥
Y~ ORBURETHVRMEDLEL L{BTT 5,
—AFHNROEHELBEHMICES T 2By F
EODAT LR LH->THHOREHFMOBEEL/NE
{TE, MILAEFHTH 2, $LARDI Y PIC
EAEBHELHREY b 5771, Lid->THER
BARICEZ I YL T 2, fiGLEAS
OESHECRIRO—SOXEH N5,

agS;y(tg—to) =acSe(ts—teo)  (3.1)
((6.1) X&)
Nuyg=0.44 Re07(d/s)0-8exp[—0.85(/d)
(d/s) (d/D)°4] (3.2)
Z W Nugg=au9d/
Reiy=w;d/v;
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72720 (8.2) KA vy P icBTA X ¥ AEDE
252 3EBRATHS CURISHR), REFOFIEIX
BHZERDHHNE Ge 1TEET % o=

Gc:0.6><71— d2XnXu;X 14 (3.3)

ZZiz 0.6 FEEN
iHEL, »o 3B KX, 3.2 X»rdiHEsH B
Aestg 1T X BWHER 7 ((6.3) X&) =0.5 ¢ H
EizLTd, 5, n, L BAAOABRBEAETHRAEL T
BBo LAHBEyTF s L n DOV ERERET
HOREWTTIREDONTVWIEBLFELANE
LEHERT R, B d 200 T REBROTEICL
THMTICEHEONWRESTHD Z &, HHICHS
FORETILORNTHETHS L, ©y FHAE
WEESHAOBREENREL AL LRELERL
ERERAVEYPHBEIR 6 DL YIRRE L, 0
BEERM, BAEZEE L eREEHN T EA
BICE T 2B HHMRIRO L H IR o7,

&g stg=145 (kcal/m°h°C)

B.1) Ktk s acsy=200 (kcal/m2h°C)
L7ehsT 7=0. 501

(3.2) Rizk s apsyg=380 (kcal/m?h°C)

, 7=0. 657

(3.2) Rz X AFRITA v YV IRETA L ERE
CRITAED 72, FEOEFGHAL £ HEOERE
DOFHPEITH L TREVHEIER-T W 3 LS h
% (H# 3581,

3.2.2 HEogrhhip

S A vy — b3 &M A —EICL, BRE
R @ BRRHFHICHLT 1/2 BEICTF 3, Zhid

ZOfiDFEHY TR X HITKIET 5 ERMAIORR
FRP L EHEOEDOK L2 ITETTEI LITX %,
BHELIA Y CY Y RREBTH BN DI TS
% EHEEL, PIRELOBFREERE 52 5 R &

WERICISIT 2 EREOREN DT ER b 2WRET 5,

Nutgz=0.0296 Rel3 Pr/3 (3.4)
2T Nug=ag -x/4;

Regp=ue-x/v¢

GeX1/2=hX LCXucX7e (3.5)

2T 2 B BREANGEZESY 11 Tk
NBERELEZEIC X b, h=2mm L UTHEIHE
HESE G 52, B.4), 3.5) XY aw &K
Db

X;=0.1 23T aep=31.2 (kcal/m?h°C)

X=0.5 IZENT ap=22.1 (kcal/m?h°C)
INHDOMEIR & ¥ AEDOBIZER destg D 1/5~1/7
THREYNE Y, T EM A 2EDIRASTHIT
BUZERIIRE < 75 % BEETEOMTREN, HE X
b AEEHOBEILEENBEOMREEZRET 5 L
h=2mm FRFELDETHAH LB %, WE
T 5 EMAOMNEBEOREERS L EARIT BT 21H
g g ICHUT/RNE Y, BEEI Xk 52 B HMA~
DB HTEET 5 2D &k ¥ AEITISIT 5 B EERICH
LU TR I B OWHHRBOE {MET T3
LIV EHRT 2, bARCERBOBLER ay
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