R A% =E

3 BY, A26¥ Al13, pp. 101~109, 2002

SEAE/W

Y471 A A
g

Z &8 0ls%

] z]l‘,:

wA g Eu ol
e

5('3:{

ﬂf

(20014 49 169 4, 20019 10¥ 199 AAreE)

The Effects of Impingement Hole Arrangements on
Heat Transfer of an Impingement/Effusion Cooling System
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Abstract

Two perforated plates are used to investigate local heatmass transfer characteristics in an
impingement/effusion cooling system. A naphthalene sublimation method is conducted to determine the
local heat/mass transfer coefficients on the upward facing surface of the effusion plate. Two plates
are placed in parallel position with gap distances of 1, 2, 4 and 6 times of effusion hole diameter.
The effects of hole arrangements of the plates are studied for staggered, square, and hexagonal
arrays. The experiments are conducted at Reynolds number of 10,000 based on the effusion hole
diameter. The results show that the smaller hole size in the staggered array has the higher transfer
coefficients on the stagnation region due to the formation of higher momentum flows through the
impingement holes. In the square array, heat/mass transfer on the target plate is more uniform as the
number of impingement holes increases. High and uniform heat/mass transfer coefficients are obtained
for the hexagonal array.

P& Al 2
7|5 A0 Rep : Reynolds &, Rep=puD /1«
Sc : Schmidt 4
d . BAlZ el A Sh  : Sherwood <=, 4] (2)
D 523 uA t : BALge] FA
dy U ERY 8170 x,z : wEE FHLENEY X (Fig 2)
Duprn = B7] T4 U=z g e FAFIASF
H : BARRS fE28Abo]9) 2H4 Greek symbols
e 234 BEZAGAT, A Q) os ¢ AA YT U
o BAEAY UG AF3FS o UZEY WA UZHA F7HE
Nu  : Nusselt Ova  FAAIESY Y FU|EE
Pr : Prandtl 5 dr U EEd WY §E3F =EAT
A BAE} $5F wA
LM E

* dAdEa g5t
t AJAR, F4, AR 7] AF T tAEnidAe da& vEFHL EHY T

Email : hhcho@yonset.ac.kr 7y~

TEL : (02)2123-2828

FAX : (02)312-2159

<zd A #5do @A AHEF
e ¥ da€s 47 9o

e HNYTE



102 AZA -
oA BAEHE, o|2H div]  HYULAE
QA gAHEYG Y & L& =&H7] 9
ol olgfd 2458 HIFY] A8 98 A
3z o] A2 T ot

AR o sIAHY QAT Wztd glof @
Wzt 28AE 97, U3 dFsdd 5 A A
Yz7| 4 Eo] &Aooz Aol gk 53 A
W ohy ZH(full-coverage film cooling)2 E|Wl A47)
o ZHg=Ho] e AiaVtAZRE UY¥E 5E
Hog HIE & oA old o d7st &
3 AYP=n k. =T FESAEE FERW
FAHOZ ¢ L dHEES ¥& 7 o,
o2 $4% wWdANEY YAE& Ao EHY
EAQL AAE F k. B dFAME A E
Hul Egoz Ze 1 849 YREWHS
2EAEE ol&dy WA F, 49Z4E T3
nevtast AEEE EUS BEste 5
1€ FEAE/FEIAVEE F A dEE
#e ALgstd BARERIT

Sparrow$} Ortiz"e A&ZE widAAe EF&
74X shtel tFHed #HolsZ +£F 2,000~
20,0002 3] BHoAMe dAdG AFE A%
don, FE/MNEE AAsAT o As
Sherwood & #olEZ F9 F7lol wet F7Hst
& B9k Cho9¥t Goldstein®& & Alo] zhZA o]
D¢l F A9 d3gepoes EAEMREYD A
& AANE FERAA] AL AFTE FE
AE JZrs LS Aol v 45%~55% =

N 8 o rir

SEERELE

oo, §EYLTE AL Aol vl 3w} o)
A4 Eohz A& Bk Andrewsdt Nazari®® %
EAEMSEEL 7IHAA FE2E AR-ERAANY
37} & P (effectiveness)E AIA 3T Chos} Rhee®
' BAESY fEE9 WA e Aee AZd
Mg @ gk HAwdd AN ®Ato] kAW
g9 dolsz & M3ty At @eto A1
th B dFdAMe BEAES fE2E9 98 A
uWid st F @Aleld] HF Wyl 4¥ge &
Aol v e 4L AAHeZ ATt
Zt2EdR HEHE Bgddried] YAa
3E n#ss] JaME AubEe dAg sS4
olgl E2FQ A Aol Ui FrR7F e
B djdAE d/EAAGA 0l A4
S o g8 yZgd F3ger F5% UF B
Ao i HAYEAN nFd 2HE EFUTH
Uzed $3Ee dAdd A A= € 5
AR AAT 4 god, YZEd FHL T2
Z7d, 1 99 REEL vddzdd e

HEEH

HEA A Uy

0
>
0

2.1 MEFA 9 AlH

Fig. 1 () A¥FX NFEE vehd 13l
o A9 F77l F4wAe $F71d oo
Fadol F A vdI3EHRs TSty eegs

f- %A (orifice flowmeter)E A'? ¥ WjEd}.

“: EE
) e F-=====

1 ‘ﬂ\ Sereen
750 lmm J] @ Settling baffle
]
it
A Z

Thermocouple
{T-type)

o Ilo| 4s0m

1200 Blower (10HP)

o lje ° ) o I1°
i e <° r e
To—==—=ii
s O e ]
(o] e o ° o e 0]

450 mm

vz 77A% |1 AVZAZZ ne

b
A

Test plate

(b) Effusion plate for staggered (c) Effusion plate for hexagonal

(a) Test apparatus

and square array

array
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Fig. 2 Schematic diagrams of impingement hole arrangements

Table 1 Experimental parameters

Hol Number of impingement
ole
. holes relative to effusion | Ae/di
Configuration
holes
St d 1:1
aggere 598
array 25 : 25)
Square 3:1
0.75
array (75 : 25)
Hexagonal 24 :1
1.125
array (60 : 25)
T-type FHUNE Zalds AHo zZ+z HX35o
BARES drgde) 258 s

vz gdle] F28 APAHS & 450 mmx 450
mm® Z#Hd o &7 FEW(effusion plate) F
Goll AXHrh. Az (staggered) T ALulE 4
ol AHEE AT £74YH & YA e
T 7hY FE8e EF WA D=15 mm¢l 25(5%5)
N & Za glown, 3 FAfole] HFH (P
6D°IT} (Fig. 1 (b)$} Fig. 1(c).

W 3g EAl¥H(impingement plate)? F&W A}o
o FAEE FEE WABY |, 2, 4, W T
AYE AAEt =3 3749 BAlgolA e &
ALEY] NH (@S EF 10 mmo|d, EAlde -‘r:~77ﬂ

T 133D 290tk Al Fdol F A #
Eo] YA, &L EdHd Fz24 Ur‘“?_r@l

He| A7 83Dx 83D°|th. FrEE WAS 54
HolZ3 #olEZF(Rep)E 10,0002.2 3143}
FE2EE FHe £ AFFFo] dAHIA
FAHES st FEVE TR B £L
Zan ez FHd AXGE AlFAH vjx =

oo gge A9 gk =¥ 4EEL FH9
Fo ZASE 3G 459 9B gomz®
P4% £59 G 2sA B3k

22 & oied

Fig. 2& EAgo] 39 3714 Feo & wijd
o g NFEE BT .

(1) AT 259 Mert 28 dgdud
(Fig. 2 (a))
2) FALEY M7t HEEY A A
(Fig. 2 (b))
(3) FAHEY A7t F2EY 2492 574
(Fig. 2 (c))
T HEs TS APAAEC] Table 19 Q.o
ol Atk olgd APRAE Ui AHE BALE

WA =15 mme] AZHujdel gt old AFgAnY
o vz BAstd EALZY 77 a¥E 1A
o

23 %’é’““%f =3 2%

EAAGATE AT YA AgAEey
41%%%4 EURYL L AT s A
T 58k =g Holg SH3Y. oF
A% £+ LVDT(Linear Variable Differential
Transformer; LBB-375TA-020) 2 23} 50|47
A2 FA9d. SHGA AMT AlFL o]FT
5031 Yz},

& EARGATE B3 2ol Fgdrt



104 HZY 055 - 29y
a el 4 e Ao e
= = tve o W o9 pe vgage gre drgay 24
Ae BHAqd 7Ase Ao, Uyzgd ¥
71l ASE 3.8% UZEd BAFAA S

B AFNE BAlYE zEY yzgde] ¥
FeoigA) gonz p =00tk watd BAA
SAFE YZSd S8d), AFNNHE ), A
usgd 495 ,), dZgd AW ZHdAe U
g3 272050 ,)E BHN 7€ £ doh E
gojAe] YZegd Z7/YEE Ambrose E®o] A
Qg APNozRE 9e Yxede TiEsg
& ol A7)A WA tYste) Tk
2AAGAF AL Fe Sherwood FE

O0S3 Fo] xHAH.

_ kD
Sh= Do 2

A7 M, Dup= Goldstein® Cho7} AA G Yzg
o] BAA ) A
ol A AdE BAPGAFE dHgy 244

g3te) A g ol dAdeAsz g
4+ em® 2 A2 gest 2o,

Nu _ _lﬁ_ 0.4

Sh _( Sc ) ®

A¥Asto) g x8)AL Klined McClintock""
o] AAE WS o] fala] 95%9 AFPxw B
A4 AL e, AxFoz 71%9 E3Ha

(a) H/D=1.0

(b) H/D=2.0

° H

39S 51%9 BEEAAE et AT YEed
+37olo] EFAAML 0.7%Z WS Fow, A
25, 24 yzgdy 95 A5 28
AN e 27t 02%, 1.1%, 4.9%5 Ehgth

2 dfdiae B fE9S 23Ed9 o
Zhujd, AHguid, SAudR bsAA A
g8 P

gyt o2 FEAE YHdA= AERZ F
& EA44olE g Fadgsied, £ AT
A& Sterwood & F9 FaH FEL EF #§F
£9 NEo 72 3te FadsEh
AL FEAE/REYY AN AT FF
o IA7NEA FH) sl BALEY Ao 7}
olHE A9 FF € Q/EIAY 5L 1EA

7] sighol ok,

|

(o4

41 Az Aol H/2AHE

Fig. 3& EAFE U7 d=10 mm, Rep=10,0009]
Z3 HWdolA F FAto] AW @& F sh
A=E vehdla et 939 S AN 4
o] wtele Ztzy BALEE f2E9 AXE e

(c) H/D=4.0

(d) H/D=6.0

Fig. 3 Contour plots of Sh for staggered array with d=10mm for various gap distances



FEAE/FERA7IHAN EATRY Fujde] FHdel HA: 4%

Injection hole

W Y,
I:;lrl::::;v Secondary
/ vortices

Wall jet

4

Low transfer
region

High transfer
region

Fig. 4 Schematic
impingement jets

flow patten of array

M, 5 Sh AEE dAHez RIFHT Q2%
FEE0E AN EATH0.0<z/D<3.5).

S Aol dolA A A H(stagnation point)F=
A wWl¢ =2 ddd adst YeEYAR, ojF
HAE JHollx AAZFT FE= Qs shrt 7
A%e AL & £ A Y ZAH Aol
FNRI@D=3.0 © vD=0.0)91A o]%F HAES
FEZ A9 Fedte 4F7F A7H, o
tato] wiebd ZACA 22t9F7E A FAFHO
d/2AAGe] FAEE Jdo] LA THFigs.
~4
Fig. 5% 2/D=3.0% 0.09]4 9 Z& E2AgA
2 A% ot sh #te] 022 YEd
FEEY AE veldY.  2D=0.0 AAdA
A #Holgz & Ze §&£&9 IWdME
HAatel AWk H/DY FFS A9 U E
F Stk 2D=3.09 YANME »D=0.0 ZHIY
e AT AEZRY Fuzgoz FAE 24
oo 9% Foigke F & Alole 7+Fe] W3
et 44 AV E 2 Ao YElgoh

T grjole] ZHAo| A& F(H/D=1.0% 2.0),
AAA 2HAA F A FhRe] 4TS &
T k. BAPLZFH o 03D(045d) ol
A AA FUEe AAZY FAE FA e A
AR gAY F59 ZHEstaddd 713
of FIYHE B HAE {0 B 29 2
3 HEo £x7b Foprer G/EAHG w3 7
aste A%E A Ao olF AAZo] dFE
HolstiA d/EddgAsTE AN ZEE 12D
(1.8d) BZ2(x/D=~% 1.8)dA F WA Soizts 2
gy o] 2AFWHS FAAENA HAsE= 9
Fol vAZAJD gHFue] ste] HAEGHo
A AREE 23R VdE7E @ T @

Lo

W R

B 1 K fo

105

(a) zD=3.0 .

250 - - - oL oo
2004
1508 - - ¢ o Qe Wy - - - -
1004 - -« - - 3
S0F--5---~--"; "5~
1 1 ] 1
Sho : : ’ i —@— H/MD=10
(b) z/D=0.0 . v | —O— H=20
00F---1------r--n
! 1 ' ) —A— H/D=4.0
3 1 1 )
250 - - T —&— H/MD=6.0
200 - - ‘-‘-I,-~| o “ _+_ Staggered array
. : " B with d=15mm
at H/D=1.0

40 30 20 -1.0 00 10 20 30 40
x/D

Fig. 5 Local Sh of staggered array with d=10 mm
for various gap distances

2 ALHD:z )= BAAETL
wasle] FEH AE FAAAM IFAES F
7hete) AAD |9l ddgol FXHAL, F
A Soge AR Fee 2 5 Yk
AN E/BEAAGATE HD=4.09 BT
dA 7 A JEwREd, ol AES XA
Fo7t FEW ZE3V7HA dedte 4RAE
9 FAN A FER 7] "dEolt. F ®Abo]
o] olrt o AAA HW IFAEE F/he
U 5204 5237 98 AX7] did ZARA
Me] she Z2aA "k o|AL EALE A
(=10 mm)S 2 HYE H/D=4.0% H/d=6.0°]7] W&
o BAME A% 6l AX A Hdgtol EAst
£ ROE ¢=15 mmd old AW & AAF}
Azd gl gloid & A7) WE a9E B
W(Fig. 5 @), =10 mm2 AAHY FITFG3 23
SHANMY d/EALGAFI =15 mm¥d F¥
Hoh o £ o8 A & S ¢ F Utk oA
AEZ T AFHF ZZARep=10,000)14
7ol 10 mmo BAIEE T w9 FFo] 15
mmé & Ao FeEd R Fr7| dFo
. &, fEEY Z7E nAATL BAEY =



106

= I R A

(a) H/D=1.0 (b) H/D=2.0

(c) H/D=4.0 (d) H/D=6.0

Fig. 6 Contour plots of Sh for square array with d=10mm for various gap distances
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