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Effect of Vortex and High Turbulence on Film Cooling
for Gas Turbine Combustor and Blades

Hyung-Hee Cho

Dept. of Mechanical Eng.,Yonsei Univ.

Abstract

The effects of injection angles between 0° and 9
0° , mainstream turbulent intensities between 0,36
percent and 9.3 percent and embedded longitudinal
vortices on jets issuing from a single film cooling
hole inclined holes
The heat transfer coefficients around

and from a row of are
investigated.
film cooling holes are affected greatly by the
compound injection angles. The injected jets affected
weakly by the freestream turbulence at low level,
However, the heat transfer coefficients near the film
cooling holes have higher values at a high turbulence
intensity. The vortices generated from a delta
winglet change the injected jet direction and the

kidney-type vortex pattern,

1.4 8

YN 28 SUE fisto] JIAEED Soig!
9| E3M0| S (combined cycle)® MEab= 2ol MAHH
2 FAojct. 22 S0lM Il U2 =HEtxolg 8t
Hgxarh AMED AU, 2% 2R &0 emsta
U= FHolck  B7] EHElol ot J&2 <23 AYo
oisiol =ijol Brol &AElel e, JiAsgiof offt
Jig TES He Rt

A58 JIAHUE HEsP| fMME PUROs I
el @40y gojls, MAY #HY S)of ot
42t J7l=0| AlZsl geEso{of BTk O olRE JiAH
Hio] o882 gl YF2E0 A LI nRolo,
EHY Y7 228 g0i7] fitiME UG 227t &2 &
HE ASEI B0 B8 WVIag Nysiol H

Hiol Ze AEE HEB10i0} Pich 22 N dut g
BEE H07 A EY PR AHH2z 5}
SI0fA 21, 1 g3t G889 Botol ue HrAvE
HUAY = UACH ojt zol 22 MAIAREE
BojEl R4B8 =88] fistol HE M cEo
U2 ety sol RSP =Iged, 22 g0 ofd
Wi gl wastol AR T BHQ wyem
A28t Uk [1-41. 32 gsixolN 2HEE Ja
golyl @29 M2 E 10T I U= R 2 %
Y x| Bl ez g Uk, ol olfo
A 2 ol 280 422 B3| Fesich a3y
ad2to] L{F U2 AS/BIIE AESH= e 27|
(compressor)off W2 S2o0| RTE(0{, CE0 AN~
ol 2@ @37 o N 2Fo] Yo{xA il
a9z M2 e JAIviz JYAsNE oty
U= 2A YR (film cooling hole)MH U 2IH
=HE Y= o] Yol
K37 ofdi2tof 243 FE Q7= UMMM 27
4@ WR uEAs(1x o)A JBsIolX ot
sixiot, MA fAAMUS EElE@Y0IE REF UR
A5 R 531, A4 U7 £ WY HYoE F
2olM HAS AR(vortex)O] 2tA FREH0] =2
Xojxich, &2 47 2= R0 U Ao Yy
B3= A WE ZolRz A Ago] 2B =AM
MEslol st GHYRI olF0] UM ALSS B 2
o MA Y s =AS Y=g Yol B AR
MEe 329 ¢ar) e gl gl Hol= tdel o
=8 S o&s MM HA =zd 2 52
UR ZE 9 R UE F989 Feo O FRS
diste Al(axial injection) B =iz & Al(compound
angled injection)e| T4 YPNLUANL& HHsiYch

H
e
rd

- 471 -



2. 2 B

Syt RABEYE EAE N oMM FREO|
Y= F oS S |E U ANYME HXA
EICh 2 Rol YASIE oEEs 3K FRYYoR MY
Eli= Kidney-typeolBol ME YUolo] YASE= & R
2 Ui 4 Uch 0l Yol SsM EMIM F/FH
YA YM2 NP HEsC, AR aA NES
2 U $ Yo, AME EAR AREEGN), 1 O8
2 A BAE A0l ¥(B), OIX[%tem HALE
SIRER(C)OICH (Fig. 1). W2 A (blowing rate:
=0.5)0f A= AY(BAR SE)3 BHA(EL BAIO]
2 EAN=0 ojstol el JHF WX 94 YK, C
I (FEE RE)ME GHYASI} aA Sl B
B Q59 ZARECH o sox7lxl Z7HSIXIE x/a28, 09!
FeE 2ol I RS QNS =oiFa Yk o)A
2 BANEIL vtz 220l HX|HA side & Kidney-type
ARENo| 7|Usi= Aoz ARECH

BAZO| S7t80l WM AAOINE HUF €Il A
asich 0] AP AYSAoiME BANS 2stel FRE
ol ©O O 2 FUE U HE AR FAUANME 2
shiB V1A HOFD YT AR BANE o8}
of HAME vortex ringt FHFSO| Bt horseshoe
vortex®| 2 ASER0| J|QISI0], BAHR FAlolol of
S 2 shl= ZHolM HAE B Kidney-typeSt B &0l
|olgich  Me2.09 M Aol MM SHEIHOIA 40x0|
B7ls= YA HOIFD YCh 2322 KB
BAS FUE NS AN YHYASUS FOIM
S ZAB ARSI, B Fo| o8t SmYAE
SARE0| 28t HaE 1280{0}0 HUB YT
g o 4 U8E =oiF1 Uk

Fugoz AL (2 HPME 45°)@ IHXD BASH=
Z? EANES Yuwy 2sYo| ostol A=) FRE
3 of & Efsof BXJ Sch RASO| A2 Me0.5%
e BANE XN 2SO H)| U 1 YyR
axial injection?| FSLL AN ci2x| ct  spxigt 2
M=ol ojstel UG W= Poo| YYo= o W
HEUZ § M Icidol BT Y= AR 2T
et

FALBOl B7I810f M=1.00! AP RANES HWY
2EYo| 280l ENML N=AN0| o= HE A
8 8 5 UCH (Fig. 2). MEANe AsE= 9 20° =
2 BARIE 45° ROH= X2 2tsoith o7IM & + U
= mye wosolM ol Oydez AU
Kidney-type2} @7l BAIS S SAMSZ 2BREZTH(AROA
simEoR W2 OS A= O visiM, ASH o

03.\'

= a2 A\ NNA HE ® & UCh 0jU2 FRES
I RANES Tu 2EYN ASHR0] A b
Zoto] Zo| otmyl of AH WEHAE ¥ & Uk w2
RAIR(M=2.0)2] P ESOIMe R=ANS 30° =
ZAlE BANES YuWE REY BVt U BALS
of 28l ULk ol AS siBOIM BAIHSS = A
ojof ER FYHYALUS = Aol O AH =S
Ch. d= BAIE NEo| EOANO| x/a-5.08E0M Z
U2 2 Alolof £2 UB FH= 0| YAEC

yyNezes wYUYABAM SERAslE FAL
BALE FRlOIME gxgol el HEKEe Aol 2t
=X B7188 =oEch ol @A Yo axidl
injection?| FSECH YW o & olct. stx|gt of
USS SIBE USE AL wa-252] FRE axial
injection?] FAREC o2t W2 UF JIACH o2 =
Bl Al AR BAHE FOME BAN=e| Yy
2EYo| olsiel FRE0| TN WHEIX|D SR YL
2 EANSe FRSYWH BPSYS Y280 axial
injection?| ZFREC A2 UF WA ®Cl gz =
HAZEAY HP EAE FAOME EAN=S H3S
BEs 228 A/BE HYNSE AISI0ID Dp2iA|
Heysy AHUHAMS & ¢ Uk

oyt BEAEFANAMS EANE FRESAtol2
Az s mE GHY SHE XM 28| st
of 7{CiEH(a=20mm) ©tY PYF ARSI HP, EA
2s 0= 0° OlME z/d = 08 S22 2 OYNS
HoiFD YTk 0|UR EBANESO osto] HAH
Kidney -typeRtf7t CIHES YMECH FEA 2=}
YygoR § = 30° OjME SLEE(ARIA stRES
2 20M)0l HAE EE BT} AMAIKD 2o
YAE opmE I ASI FUEASE Y 5 AUCh

olet Y2 HAIR EA A7 O HEULE SaHA
8=45 Y I 2 2BZ oMol M 2 B A
oM YHE A UR O HACH BA AT} O
MM 0 = 60° YW= 2= ofmo] ot AL
S0l £ e IUES NS Y+ Uk of F AN
o IOIHE EA 245 6 =90° o FP AR =90
M= s ROIFX|D SR (x/>3.0000ME 2E
8 o & UCHL OIIM HOFF0| HAH =0 oA
Y AIE! Kidney-type2tftf= 0=0° OlAiE= Cjixcz ¥
MSIX|QH, 840° OjAE CHR 37|12 YNHE =oF
2 YL BAF A7 SHESE BARS oF oY
oM RAINSO o8 Y= RE0| FHUAS Y 5
ALk,

B AToN FRES UE S I YA B
FolojMel YL S0l olXE YHE 27| AMA

—472-



CHE3 ol F]RE UR Y=8 T.1.=0.36x(HHRY
£), 4.1x, 9.3x(AHRYT)IE HHIAZ UM SHSIY
. F#R89 o5 2= o= H=(HI7ME
TL=t1x)7tKls 3 gHY Aol #s) u2g o
+ UACt. 0|2 FRE UF Y= ol F= 0/s}of
Me FHEAS FES 0XX UBE Y + Uch
X2t FRES YR LAEI =2 FRA(T.1.-9.3x),
3 YM2 HatMM BAINEN 2stol HAME 242 9
Fol ot Hgrol XojE® & + Uch ojAUR &2
IRV BANES & 2iEHozM MY ARl ¥y
£ ANty njRolct. &2 HRAE(T.1.=9.3x)00A
= M2 52 U2 UX| T ST Y 24
Yy ¥ 30ds 2o{Fa UK Aok, olUS &2
FEzoM=E T2 BANEY & ZERES UE
b

B AF0Ms MB0| vortex generator
(delta winglet)& MA|I3t0{ Y2lol ARE HAAZI
ChE 2 otRol 2fsie] BAINEI ol Igg g=X
of cHsto] RHSIALCE AR 4RI U= FRE= H
ATt gRola EAIBI BAOlE 2o gus
2 UK Ak X MR AR EAsi= TP
Ol= BAE R0z &2 XY H$B X0 BA
E NE FEE Fo XY 3N uEs ¢
= UCh  AtFol oiFel ald W matN BANE
= ol YUY £= He2SE Ha2|g Aol
4R AT EAd WM BAR AFoAMz 2
XY AU JIR0 stRe e AGUS 4R &
87 2= AP 2o EXip HYHez g2 YMEA
U8 A=C (Fig, 3). Y BAIBS F 2AHY
sof olsto] AT AT AT AR ARl A
doz O|EEIUSE L + UCh A{/E=E AMAYET=2
(A RAM 37 WHoR BH) (MM BANE
o 54 RES g2 SUE U=ch

AojA B =0l BBl 240M FEs U BUHSx
B ofashy| ¥iME dxgAset tAsg FFo|
gaxolct, £f ASH HMB 81| ME FAFHY
UE0l WRstch B P dIolM Holn Hate ¢l
ZUE OFAI7I0 O Uo7t 52 HRZAE U AREN
Al oixl Hol2r AHERHE U 2HPAN 2
R AIRE HeR AIZERICL H4EcRE HRUS
Hsl U AFEX ME FHEmMe ¢3E oEFsi=
24 CH2 20N, WHE YHes, HFERL
YWas)of Y§8Ihsstich

o
i

o

cre) ortgel HALZEE 0° oAl 90° ¥HX| 15°
AR HIAZ|A BAAIIE A9 BANE 2
A HAIS kidney-type
gtz 8=0" OjME C{AXNe= HASIXE, 80" of
M= o2 3rz gM8Es =2oFa . BAb 2
T SOE4E BAE 9 7 g9oM 2Ab Y=
ol gau= REO BIHEE ¥ & UCh

ze=o B =) o= FHE(0IME
T.1.=4.1)7KE O QMY A$el syt AEE Y
4 Qo st FREe URIEI 2 TP
(1.1.=9.3x), 1 Y= HetHM AL HEO 28t0]
HyAsl 2tz bRl ot ggol Hojzeg ¢ + Uk
o|He =2 =Y A NEg & BHEHe2M Y
etmol BAg ANty mEolch

AR0| Delta wingletOf 28 BHAE QAFI} ENst
= oo BAE ARINE 52 F¥Y AxE A
of BALE RHed g8 Fof A A 6y
=1 EAR AIROME 52 gXY A

2
A 20 WX MANer g2 FULAsUE H
=rl. BY BAIES ZR BEA N=of 2sto] HYE
St=ol ox|7t MF AR MM Fo2 0ISHUS
g o 4 Uk AFRE AALY2R(UTRAM &T
getoz M) MSIHAM EA A=l FY FES
s3FE 328 A0

a2 d
1. Goldstein, R. J., 197t, “Film Cooling,”
Advances in Heat Transfer, vol, 7, Academic
Press, pp. 321-379,
2. Cho, H. H., and Goldstein, R. J., 1995a,

"Heat/Mass Transfer and Fllm Cooling Effectiveness
with Injection through Discrete Holes ~ Part I:
within Holes and on the Back Surface,” J. of
Turbomachinery, Vol. 117, pp 440-450

3. Cho, H. H., and Goldstein, R. J., 1995b
"Heat/Mass Transfer and FIlm Cooling Effectiveness
with Injection through Discrete Holes - Part II:
on the Exposed Surface,” J.
Vol. 117, pp 451-460

4. Eckert, E. R. 6., Goldstein, R. J. and Cho, H. H,
et al., 1994,

of Turbomachinery,

“Studies of Full coverage Film
Cooling with Compound Angle Injection on Combustor
Wall, " Project Report to GE, Aircraft Gas Turbine

Div,

- 473 -



Fig 7. Contour plots at M = 1.0 for axial injection (%%
F EAAIM =10 4 W SEAGAFA)
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Fig 8. Lateral distribution of normalized Sh at M = 1.0
for compound angle injection (2¢ZtE RAA M
=109 @ Sh %)

Fig 3. Lateral distribution of normalized Sh at M = 1.0
for axial injection with delta winglet (%% ®A}
Al delta winglet M ZeodMq M = 10 ¥ 4 Sh
®¥)
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