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ABSTRACT

In the present work, design optimization of film-cooling hole array on the pressure side of high pressure turbine nozzle was
conducted. There are four rows of fan-shaped film cooling holes on the nozzle pressure side surface and each row has a straight
array of holes in the spanwise direction for baseline model. For design optimization, hole distributions in streamwise and
spanwise directions for three rows of holes except first row are parameterized as a 2nd-order shape function. Three-dimensional
compressible RANS equations are used for flow and thermal analysis around the nozzle surface and optimization technique
using Design of Experiment, Kriging surrogate model and Genetic Algorithm is used . The results shows that averaged adiabatic
wall temperature at the whole nozzle surface decreases about 2.7% and averaged film cooling effectiveness at the pressure side

of nozzle increased about 8.2%.
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(b) Cross-sectional view of fan-shaped film cooling hole
Fig. 1 Baseline model configuration of cooled turbine nozzle
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Fig. 2 Design space of three rows of fim cooling holes for design
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Fig. 3 Mesh generation and boundary condition

Ao s 591 Hed 57 o) AAEe] et
Fig. 1 H&3} oAt =20] 71234 Yz Aol it
1%2& Fig. 1(a)o]l AAIE 712 gAake] TS 2y uhy
T2 YIS TP Qe 2l R Wz g=et
WZg 2ol dAEe] i 47) Fof uhyzt Zo] gith A
A Do % 1l, F A Do 1070, Al WA 2 U] WA
Aol 97fe] whyzF Fo] glom ojuf Hi whIZE 7t
AL
Z

_[\l

gy

c

3.6D0Jt}, W& HdZtE2 Fig. 1(b)oll AAE Bhet

o] Ao} 9lr,

3. 8N 1Y % Ms "It
3.1. RS s U W2 45 T}

LEF ol oA AAF RANS WA} k—w SST
SRdgg AleFon A2 =] ANSYS CFX 14,58 AR%
alo] S-S 28t} o] W ARRE Az A 1 AA|
27L& Fig. 39| AXE ] Ut} F AR <F 8009Hf o]
o Ed 570 dAne} ulmste] 75‘1} ol el

ek A &% A 1SRG B 128 2

Olt

7]E Al gl J,]?Gg]. 6:1/\1—_,] ahyzk :¢:_0,] wWzr Q=95 i

7] 918 ezt BES ARgSREOn ol H()E B

53



a4 ok
jlniTLU 1
Nad= T, —T. o))
of uj,

I,& #5450 wolu 7,2 wHxe] Lk,
7 YA Sxolth A4 e

f5o Lr Bt oF
1700 K, Z i °F 1830 Ko E2A FE|o] &x Z2uldg
7FA) 3L , Ao A0

ilo] HEEsE AYop] YE
A e8] tE] 7,9 A% whyzt
3 e Bolol BEF w2 o] SRS A8l
o). YzrIAle] = 7% 840 Kot}

of

[

3.2, 2|¥st 7|W H 8

o

Aol Ao &y 8|7 (Kriging) RAL AFEsgch 2
27 mdle f3#AQl Wit 7IW(interpolation method) 2]
stz A AdeAgleR dojil RS vigo R vt
Zo] A9 md(global model)Z} E  Hik(localized
deviation) 9] gFo.2 FLAAFETH

@)

y(z) =f(z) +Ax)

olgaH 8 4 9)

2 A2gt}, Ao

1A 1) Fol2l A Holels
£ A4 g0l g 3%

3)

714 RS A (correlation matrix) 0™ R(zz; )=
o] F A x,, x; Abol9] AH3(correlation function)

ojct. A

4 A4

et Ml ofs) AR ey Bes T
A7457] 2l AR AEAE Y (Design of
Experiment)-> LHS(Latin Hypercube Sampling) 7]%# 0|3l
a7 2do] AFr wapEZEH(cross—validation) ¥
o Abgstel Azt ¢

2| A3l FMof= 87 A18]Z(Genetic Algorithm, GA)

1} El(Estimated Improvement)S ARESIITH &4 411

Sk
il = B

Ao A
==

glZolgk A ZSKnatural evolution)2} A FHA
(natural genetics)S Z|Zslof| L3 AoRH, o 7|

54

Design Of Experiment END

<+ n <10
Adding present

optimum point as
a experimental

point No
Yes

- - Is Objective

i n=0 fn improved?

k.

Finding optimum point
With GA and EI

Construction of
Kriging model

Y
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Fig. 5 Film cooling hole array parameterization

Fig. 6 Examples of arbitrary arrays
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Fig. 7 Cross-validation result of Kriging model
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Fig. 8 Standardized cross-validated residual of Kriging model

Table 1 Comparison of design variables of baseline and
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Fig. 9 Comparison of film cooling effectiveness
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Table 2 Comparison of averaged surface temperature between
baseline and optimum configuration

Parameter Baseline OPT point | Difference
Averaged adiabatic 14658 K 14960 K 9704
surface temperature

Film cooling

effectiveness on the 66.7 % 72.2% +8.2%

pressure side surface
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Table 3 Comparison of blowing ratio between baseline and
optimum configuration

No. of array 1 2 3 4
1.05 0.84 0.65 0.52
1.07 1.03 0.69 0.50

Baseline
OPT point
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