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Design Optimization of a Fan-Shaped Film-Cooling Hole Using a Radial
Basis Neural Network Technique

Ki-Don Lee, Kwang-Yong Kim™'
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ABSTRACT

Numerical design optimization of a fan-shaped hole for film-cooling has been carried out to improve film-cooling effectiveness
by combining a three-dimensional Reynolds-averaged Navier-Stokes analysis with the radial basis neural network method, a well
known surrogate modeling technique for optimization. The injection angle of hole, lateral expansion angle of hole and ratio of
length-to-diameter of the hole are chosen as design variables and spatially averaged film-cooling effectiveness is considered as an
objective finction which is to be maximized. Twenty training points are obtained by Latin Hypercube sampling for three design
variables. Sequential quadratic programming is used to search for the optimal point from the constructed surrogate. The film-cooling
effectiveness has been successfully improved by the optimization with increased value of all design variables as compared to the

reference geometry.
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Fig. 1 Fan—shaped hole geometry from Saumweber et al. [2]
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Fig. 2 Computational domain and geometric parameters
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Fig. 3 Computational grids for analysis

Table 1 Design variables and design space

Design variable Lower bound Upper bound

a(’) 20 50

8(°) 12 24

L/D 5 8
Holslgith, F429 ol AYHRAL, W YHd=

Z712AL Rodigrt 127129 wldk(Mach number)E
AYzAGT 22 0622 gH7] 3 A2 S 139
m/s2 319t} YAt 127kA0] M2 (total temperature)
L Z}2F 290K, 540 Koo, Wi H|E 1 750|t}, QA9 Ui
Ze 9 B A(BS 7|ECR I FR2Y HolgRees 47
5.9%, 32,0000]t},

3. BHES U AAus

HHUAT S AU} BER] o] SAIH
ofof g}, webd Bz 2 B4 AHSP] A3t 2
WAt wgz Wi BEP S E8(epatially
averaged film—cooling effectiveness) A3t o, t}

SHINAMD: 122, H4Z, 2009



&3} o] Bojelny,

/:53/21277(56/D, z/D)d(z/D)d(z/ D)

s 610 )
T (a/D,2/D)—T.,
n(e/D, z/ D)= -7 o)

A7VM, T HLHALES ojulab] To9} Tz 22}
D7k WAl BALES et

Fig. 10 Lehd 9hiz 3o Yaolx o BAZE (),
Fo| 29 g2 (B) aeln o o] of 1A
(L/DE HYHAS 918 AAuS2 Agsigien, 1/pe) 4
% 53] 4ol Zoluh WSPETh Table 12 7H HAAM
ol 9lE ehge, 2 A% Mel e A 4
Ao e gzt B2 ehl 9olS gios Axsiain

el de ARG HAHA 9 S Fig, 49 eAER
YER SIS, ¢4 EReE Adsta, 4A99e d4siA
A}, o]F AT HEY 4L F3te] HAYR YollA A
U2 A Hedl o] YA f534S Soto] =
A7t AntEoiAz, o] 5S v o R REBNNER@ S
ARE3te] AREE HAdste] o] Jw Aol 23} g
= ot FA¥E 2 Bt

ARE =Y 712N FPoREE wlen rjlEgRe
FE A5she Y As5g BARH: Holnt, A7 s]mate]
7R he T, 24 7 £ oo ARHAY =
A3z FHAQ RN oE3itt, T &5 7l
=0l dsf wtgHnt. P} FAL dlo|HE F3t whEo] o5
T

RBNNZ- Sojdsjol s ekl 48 Feon FAHE
F Y Folrt. & dFoME AR TS MATLAB) <]
= newrbS AMESLA LS of7)4 AGReE S

T o] FojHirt

a=radbas( | w—p i b) 3

o714 bz Holojro)iL, wi REsEA M, pi gug
olct, @t Aol §4 radbasts ka3t 2t

radbas(n)=e (@)

RMIIAMEL:H12H, M45, 2009

7IHE o8 FHHA

Objective function & Design variables

N2

(Deciding of design space)
Lower and upper bound
of variables are set

2

(Design of experiments)
Selection of design points by LHS

<

(Numerical Analysis)
Determination of the value of objective
functions of the designs by RANS solver

(Construction of surrogate)
Surrogate model construction using the
evaluated objectives

+

(Search for optimal point)
Optimal point search from constructed
surrogate using optimization algorithm

Is opﬁmm No

within design space?

Optimal Design

Fig. 4 Optimization procedure

o
[

————— 530,319 grids
744,870 grids
968,992 grids

©
9
1
1
i
i
]

_________ 2,097,360 grids

o o o
Py o [*)]
e A RmE AT e

o
w
T

Centerline film-cooling effectiveness

o
N
T T

=]
a

Fig. 5 Grid dependency test

47



oplE - AEE

0.55

F —— p=6*_Calculation

05k i §=10" Calculation

“E —&— p=14° Calcuation
F —— p=6"_[Saumweber et al., 2008]
0.45F —&— P=10° [Saumweber et al., 2008]
r —@—- P=14° [Saumweber et al., 2008]

E TN VN RS SO T S SRR N ST S TS S RS '
%13 1 15 2 25
Blowing ratio

Fig. 6 Comparison between numerical and experimental results

o] WS BT A0 A 2 AAL o) HEHL
2 Q) ARAZEE 2Y 4 Ytke Rolth of ol it
AgRd = N 71R3Se) AYATos thewt Zol 1}
b 4 et

N
f= _Eleyj 6),
=

714 wje ZFEAOIAL yi 7| EF o), 7| EEE A
Ssie dhe ola 714 wo] ok, el ) Ree) o
FEo| TR Y ZHE A BHL Mot} 1
2} 7 Baker} Seagoly Wachd vlAY mdo] B,
ShEHES ThHY 7oA 9 HlolEE T & g =
HE e WA FUska, o] JHE AT s)yke] EHe
ZZEHo| Hrl SQP(Sequential quadratic programming)
7HARTE Al HHEE 2] 9w PHoR AgH Y,

RBNN#} 22 djz|2dE #Ash| Aside AAZ U
oA AR T HARE ART davt qrt o] AES
7] Si3h AEAEHo] ARSE=H|, £ ATolAs AdAYY
9O % Latin hypercube sampling (LHS)®2-& AR5t} o}
71L& mxno YEE st o7)4 m Z} ¥ o
g Ao (EEQ $)0lal, nd A ot 15
wRe #ae TP BE o @ 22 Latin
hypercubeE FA4317] 93] Y= #A|olc} A= HAF
710) B2 $ES thitehs AAREEO] o] T3S B Fofain

48

5. 81 % EE

A LA AR GEFS WA Y= 4l AR g
27 9J8le] Fig. 50l LERd HR} o] ¢F 5.3X10° £} 2,0X
105749) AR Atolofla] ZAzlelEA HIAEE st o,
o] AMNE B3l 9 AXHE At A=E FF
AAAE x, v, z F2R WA o] 190X33%802) HER
TAENY, & J4HA FEAES 242 48X98%483
151X20%802 FAE o, & ARHY 4E= 968,992
ojt},

2| H Aol UM e EFE AFs] Hsl B2
FHAHL/D=6.0, a=30°)9] 8} Saumweber?} Schulz®e] A
F Ao} v)wste] Fig. 63 70 Yepl T} Fig, 62 AL
3 Sk gpzto] wislol w2 Ho whizt a 80 HEE
vehiich $ASMENE EARSY SHES 37| wet
A§ )9} v 8] 0.01~0.03 F FHE A& o, AAH
o7 A9} A FARE AFS Hojn uhdiz; a8 7
e BARET 9] #zke] e & d&stal Ytk Fig.

2 BARE (M=0.59} 2.5)3 ESHYEF 8747} (B=6°2} 14°)
w2 uhizh WA o] uhzt 80 B E vehdch dyhy
o2 HWFPAre] Zo st Pz RN A=
“jetting effect’oll &3} <] TFA Fol vtei7} AYsHA
H1, a2 Q3 H2 iz 58 Hol: goo] F A=
oA BEsHA Hol®, Fig, 7o et A A=
olgjgt JFL & HojF1 glov, Zo ZHUYFF Azl
6 ] o3t Aao] Akl A GA| & Sl wet A
HAdetE £2 YRS BAFL ot

Z} AAe] JFE Hrietr| e AuAkS AR
o, ol Fig. 8o UefUct. §-2 HelolA dAEsE9] ¥
slo| W2 P Pz AL FAsten, o] 24E EY
2 HAEAAE s3] 3t AW HAE A6

gzt a8 FFE v veRs 9 Y, A,
F059 URAT 5ol ot durd o g 9hyztE sl
U27|2RY 2E2H 1Y) FZE7|7t AAGEOAH, ¥z
& Q1% FEF oFe] PEF 71 AR THAENIS 580
= pulsHA "ot gk A Fo] YARARE 2 58

A7) ) B dAFoA=, Fig. 10 Yebd #FF] 2y
F 2L gitez Yo BAE (M=0.5)49 AZJHAE -
Fatgon, 1 9o 242 5U3 Aol HALAE 53
3ttt Table 19 vebd HAAFH UollA LHSE ARE3H
AEgt 207FR] Aol digt 3-E8iale sstgle, O 4
FE o] g3}o] 4] (5)2 AAJH RBNNE| WhEEE 7J5t3lch

N oo B

SHOIHAME: 128, M4E, 2009



present numerical results experimental results

:
4
s ]
RE
31
2
1
g0 R°
»1
2
2
1
g N°
4
2
2
1
peigs RO

FHOIAML H128, M45, 2009

Fig. 7 Film—cooling effectiveness distributions (L/D=6.0, a=30°)
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Fig. 8 Effect of design variables on the spatially-averaged
film—cooling effectiveness of a fan-shaped hole (M=0.5)
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