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A Study on Flow Characteristics and Cooling Performance for Different
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The purpose of this study was to investigate the flow characteristics and cooling performance for the heavy turbine blade
with different shapes. Research was focused on the numerical study on forced convective heat transfer coefficients for
three different blades with base, tip, and hole. Thus, selected local locations for various temperature distributions were
shown in the flow domain. Final temperature on the local surface of blades was compared with three different blades.
According to the results of velocity and temperature distributions in the fluid domain, the blade with holes had the best
convective cooling performance with higher 13-16% average heat transfer coefficient than the other two blades. Apparent
vortex at the tip of tip and hole blade caused the stable temperature drop. According to the calculations of local convective
heat transfer coefficient between blade surface and atmosphere in the blade, approximately 18% of heat transfer coefficient
at hole was higher than the base blade and 7% at hole blade was higher than the base blade. Lowest cooling
performance existed at the center position of all three blades.
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Fig. 1 Actual shape of 1st stage turbine blade
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(a) Base blade

(b) Tip blade

(c) Hole blade

Fig. 2 Modeling geometries of three turbine blades
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Table 1 Physical dimensions of turbine blades

Table 2 Design input conditions

Base Tip Hole Fluid material CH,4
Length of axial direction (mm) 62.5 Blade material Nickel
Pitch (mm) 50 Initial temperature on the blades (°C) 1000
Inlet angle (°) 574 Inlet velocity (m/s) 20
Outlet angle (°) 55.7 Inlet temperature (°C) 200
Twisted angle (°) 5 Outlet pressure (Pa) 0

wegstelon walgle] ARG TR L CATIA VIS &
gkt 5 AEAA 9 ndy AP Ve dANERES
ZFarsto] fARSHA maES %?W%} 31, Eilo| =9} oA E g

E

29 Scale HH-S 11
o] AL E gk 42 ]oﬂ*‘] 1/4 Scale 7|2 43|
ok Edol=5 AA W dloloRE 8] flal wx|et 3
EIO]O Hl% arste] A-gskint. S dol(CxyrR] X2
SAA F N9 EElol=E TF AFEA Wel
©F 0.8-0.99] H|Z A83l=d 0.8
g3t ol 42 U] B0 Telste] 082 A gt
ol A e Fig. 2= 371x|9] Eaoj=2 el 18o]
o o] HHlgs thaol Ykl 5 A (Fig. 3)0 41&
glojol AlA fE H Y45 Lokt
Table 1 B9 Helo| =] A2& et Eolnl, F% A

-

47

¥A2)= Base, Tip, Hole 3714 BF29] 7k Esic), ohut &
A9 HLELo & Tipw} Hole®] 978 SAFS L5519 C). Base
= ol EAo] gl 71Eg o]y, Tip Edo|= At Tip
o] ZA3tc}. HoleS TipZ} Aol 57112] Holeo] Ed|o]=2] U
ol AR

A2 AA7kae] AR WErk(CH)E A5
, AFelA FrlEE £2(20 m/s) B 2=(200°0)2] AT
J 2 71A4ste] Ego|ro] Xiﬂ(Leading
Edge)oll Al F<(Trailing Edge)7}A|2] Zol& 7|& Zol2 T
Reynolds =5 AAIAS 1 405792 U&7 459
BRIt dR R kg 7 2UCEE F5 A %‘
o7} F-3] Arkal 7Skl Al REETHE 2
FAA R sy g8 7| 20 *QZ%P“E}
Al =rel2 BBl Edlo]= Al apgo]] Wol AREE=
Agatqon ¥ |4 317] $18te] Thermal Energ
SAZ L o Wl 27] 22 1000°CE HEA1A S
o] Efjo|= 2o FARHA A-GAIFTE o] 24 7|2

oN Jlm ru
_>£ oX,

< A
it fg 3 ﬁﬁ o b
P 2 ome Romle mN T or

5‘.:

_IE. ottt

AARAE ZEElom 1A =Hlat fA] =r| Q19| Boundary
= Bdol= UL Interfaces Z-GA|AH GALL 185}HSic).
AAzE SYolte TAAE oA 27|2=S A8A7I
W FE5] dYo B4 vEhd o qlohal ddste 22 A
BAFTT &, EElo]=9] 27|2%8] 1000°Co|A] AJ2Fo.= H]
B A siAE aste] AlRto]l AuaL o] Ao s
@£ 225 Ueille fAE S8l Edlol=rt s 1y
= ol Holth E3F EXGAR] siMS ol At F 24
g Aee Totstk

SHE
= exol Zug 3408 1] detel g &
71-e Aesqct.

2.2 AKX} MM

Fig. 3& Z} Case® AssemblyE ZAAE FAIStY 5 A|H
x| Cascade WollA] Uephd 19o|th. AA =& UEhlH
(a) Node 4=: 92229, Elements <=: 397881, (b) Node <=: 207289,
Elements <=: 888494, (c) Node <*: 379639, Elements =:
18855002 Ueltom A12AL 98] Inflationd A-&A|F oM,
SeAT Slde] maAS Eslol AT A% Solt,
AR} ToolZ+ Mesh SizingS £3}] Body, FaceZ A3} 44
319921 Global MeshollA] Min SizeE 7|9 EZ Q3514 ZHA
AE AE AASHAL YRS Al Fadt JE
n) 2= Elo]= "ollA 0-109] g2 A5

o
O

7| &% 1000°Col|A] YdF+&% 200°Ce}F 20 m/so] {40

& AR T erd siA ATk e le. AR ks
Hlo) AJF A 2 2] Rooo] A ZolAite Bajol=e] )
RgRs wel SEA oy A7 mue 54 4 25 AW
) 214 W7 A7

o

Agstgons pUyE F g

m{m



1046 / November 2019

(a) Base blade assembly

(b) Tip blade assembly

(c) Hole blade assembly

Fig. 3 Schematic of the grid generation in cascade of wind tunnel
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Fig. 4 Velocity vectors in cascade
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(a) Base blade

(b) Tip blade

(c) Hole blade

Fig. 5 Temperature distributions on blades
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Fig. 7 Temperature vs. horizontal position on base blade
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Fig. 8 Temperature vs. horizontal position on tip blade

900

BrHole (°C

850
[€)
o
T 800
—
3 il
©
)
Y 750
§
Sl |[Hole Blade]

650 . :

0 0.2 0.4 0.6 0.8 1

Horizontal Position of the Blade(X*)

Fig. 9 Temperature vs. horizontal position on hole blade

bt Fig. 8ol4= 5T Sxl0l4 HILEE 861.68°C 2
A& 734.91°C YERATE. Fig. 994 = 2% 867.34°C 2
L= 698.9°C LFERT).

1000

950 - 9 Base (°C)
©Tip (*C)
900 BrHole (°C)

Temperature(°C)

oo |Three Different Blades

(V] 0.2 0.4 0.6 0.8 1
Horizontal Position of the Blade(X*)

Fig. 10 Temperature vs. horizontal position on three different blades
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