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Effect of Leading Edge Shape on the Blade Surface
Temperature of a Partial Admission Supersonic Turbine
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ABSTRACT

In this paper, numerical analysis of the surface gas temperature on turbine blades has been
performed to investigate the temperature profiles characteristics of a partial admission supersonic
turbine driven by high temperature and pressure gas of pyro-starter with two different types of
turbine blade edge shape. In order to examine the surface gas temperature on turbine blades at initial
starting, computations have been carried out at several turbine rotational speeds in the range of
0~10,000 rpm for each type of turbine edge shape. "Sharp" edge and "Round" edge types were taken
as the turbine edge shape factor. As turbine rotational speed increased, the average temperature of
turbine blades was further decreased. It was also found that the surface temperature of turbine blades
with a sharp edge was lower than round-type edge turbine blades.
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Table 1. Summary of Grid System

Component Grid Blocks | Grid Points
Nozzle 5 396,517
Rotor 11 2,161,651
Total 16 2,558,168
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Table 2. Temperature data of Sharp Edge Blades
0 RPM 6000 RPM 10000 RPM
Tip | Mid | Hub Tip | Mid | Hub Tip | Mid | Hub
No.1 1343 965 120 No.1 1314 991 1185 No.1 1280 1010 1172
No.2 1380 1028 1281 No.2 1321 1037 1254 No.2 1280 1044 1229
No.3 1382 1116 1332 No.3 1326 1122 1274 No.3 1286 1127 1244
No.4 1362 1006 1367 No.4 1301 1003 1319 No.4 1267 1001 1291
No.5 1361 1116 1384 No.5 1297 1115 1344 No.5 1276 1113 1296
No.6 1385 1339 1367 No.6 1297 1311 1322 No.6 1265 1287 1297
No.7 1369 965 1370 No.7 1320 1120 1323 No.7 1298 1184 1289
Table 3. Temperature data of Round Edge Blades
0 RPM 6000 RPM 10000 RPM
Tip Mid Hub Tip | Mid Hub Tip Mid Hub
No.1l 1365 1416 1395 No.1 1300 1346 1343 No.1 1260 1301 1308
No.2 1365 1424 1390 No.2 1293 1356 1340 No.2 1246 1312 1310
No.3 1380 1426 1396 No.3 1311 1353 1344 No.3 1265 1306 1313
No.4 1370 1426 1399 No.4 1289 1356 1339 No.4 1245 1310 1303
No.5 1380 1419 1406 No.5 1313 1348 1344 No.5 1276 1304 1298
No.6 1343 1400 1378 No.6 1280 1347 1339 No.6 1246 1313 1300
No.7 1352 1407 1437 No.7 13154 1305 1329 No.7 1272 1276 1287




54 OME - YA - oY -

TR - BOlY - 048 BEARFILHX

2 *
e 2
= |z

B2 2% Hololth 0 rpmolAE
OJEE A By ojzolAM g FHE
45 B} 200~400K A=
A Yebd3, 68 BHolEdME £xx7} o
Byolze] s AuAoz AA JeERIA
RRoy FAREYG Y sH BRI 2%
o EA Jelgth 6000 rpme] A$dE 6
Bgol=g AYH RE Byolzox g 3§
HojAe 257t FARHET 150K~320K H=
A dgen, 64 Beol=elAd He £xvt
ZARY 2xnt 4K A Yo FHH9

rls
L
rlo
i
N
g
2N

N rlr rlm M o

K3 n

2E¥ 11K A Utk 10,000 rpmé] F$+%=
6 BHElol=E A ZE Edol=9 Hi
3B B 2%yt ZARET 100K~290K A
= =4 U, 6 Edol== 6,000 rpm3t F
AsA He 2%t FAREG 22K w@sien,
FH HIFe % EE 10K =4 4ttt Round 3
Hyl Eglol=9 oA &%& YEhd Table 3&
B sharp¥ 9 Z#AdE th24 divkre B

oz oA R FARY 227t Holuh HEXE
o =4 Yy O 2EARE 2K~70K FEE
sharp@ el WA wi¢ Hoh 0 rpme] AF A
A FARY 257} 20K~60K AL EA gk
o, 6000 rpm¥} 10000 rpma ¢ 2K~70K A=

FAFY 2571 24 Uk
Figure 128 EW roundd ZE#ol=+ sharp
i g2A AR FHAFNA 2WgFgoer FH
&2 ZA 1 BEo] UBvE A € F 3
t}. Round¥ E#o]=7} sharpd Egjo]= ol H
& oAze] FARANAM o B dIFE S

& U

4484 B
B AFddae sel2 AlF7ldA BAE 1
I~

& mgte] AivlAg FEEHE BRIPET AL
d9o) gyl By oj=e Byols dA Figd ot
ol ¥He 2% BRI S 437 93
A Aez2 382 Fine™/TurboE o] &34
ATE FHAh

fu

Round Edge 1‘\ Sharp Edge

Fig. 12 Temperature Contours of No.5 Blade

Sharp®# roundd A EB#o=Z W 3
A4 0~10,000 rpm ZANA AAE Egol=
A Lx dA A%E BY EBgols FAA
WAL shocke] F& WHE FF vAe B

g0 2 3 sharp¥©] roundFHT} A=

Egol= 1Y 257} QR

Round&8& RE BEyol=e IW HJF 2%
7} HlE Al 2 X3, sharpd & =& &7 4
o RN DG B ¥R =5 Y
o W &x9 fFo HFYH 6d, 7H &
gol=9o ¥W 257} tE Ze o= us) 4

HEdoz wA vepd

Sharp¥ A= WlFEE9 B ol=dA F4
Tlﬁ_t} g3 38 £ £%7} 100K~400K Z%

| kot roundd A Y ASe= AA =

/qw,} L£27 "ol sBEHD 2K~70K A=
A Utk

Round¥d EFOIEE A F4FAA 2w
o FHLz ZA 3L FEo| YN,
sharp¥ E#lo|=RT FAFAM o & 43
TS 0=

z 7

2 AE ANZAR 2994 (KSLV-1) A
WARle A9 Bol FHHYeH, oo FA
=gych



12 mM42 2008. 8.

wEOIAY 284

Eleio maoj= EP 2=0f #30/|= 55
X ool DjR|E= HEt

CAZE, o)7lF, ARAF, FH, oldld, 4
AZAE BRIZ Yo S g s
A7 a7, ®FAZAAE, A5d, A%,
2002, pp.15-21

. %%E‘, AEE, AAE, B, g8,

[

2005, pp.379-382
CEeg, 294, vEA o\ﬂ{u AEl B
47 A7 FFFATHIA, A1, A
5%, 2007, pp.60-71

7. Fine ™"

B3, A4, AAE, oY, “FEE
& Hil 91%%91 64_741 W] whg o]
% FAH AT FHFA

&3 A, Asd, zﬂzi 2004, pp.62-72

OH £ B

. ©le4, “CFDE o188 REEUY HY B

H3g A dsrIAgs =3 B, Al
309, A113, 2006, pp.1131-1138

L =Eg, Best o, 1A, 'R B

B 7S o83 REYAE HY FA
A7 wAVIAAE, A7H, A6, 2004,

pp.15-20

T”/ Turbo User Manual Version 7



