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Local heat transfer measurement from a concave surface to an
oblique impinging jet

o @ wroy oy F
K. B. Li H. J. Kim

Key words : Oblique impinging jet(ZAA}5E#1E), Liquid crystal(%?), Nusselt number(x-4),
Concave surface( 2= ¥H)

Abstract

Measurements of the local heat transfer coefficients on a hemispherically concave
surface with a round oblique impinging jet were made. The liquid crystal transient
method was used for these measurements.

This method, which is a variation of the transient method, suddenly exposes a
preheated wall to an impinging jet while video recording the response of liquid crystal
for the surface temperature measurements.

The Reynolds number used was 23,000 and the nozzle-to-jet distance was L/d=2, 4,
6, 8 and 10 and the jet angle was «=0", 15", 30" and 40°.

In the experiment, the maximum Nusselt number at all region occurred at L/d=6 and
Nusselt number decreases as the inclined jet angle increases.

For the normal jet the contours of constant Nusselt number are circular and as the
jet is inclined closer and closer to the surface the contours become elliptical shape.

The decreasing rate of the Nusselt number at X/d) O(upstream) on a surface
curvature are higher than those on a flate plate and the decreasing rate of the Nusselt
number at X/d <O(downstream) on a surface curvature are lower than those on a flate
plate. And also, the decreasing rate of local Nusselt number distribution at X/d)0
(upstream) exhibit lower than with X/d <O(downstream) as jet angle increases.

The second maximum Nusselt number occurred at long distance from stagnation
point as jet angle increases.

* A3, HALYNE ) AEAT G
= FRAALTL AfANATR



2EG e 2AtElE AR EAES g FAaI9AdSATe] F3 325

JEAMY

Cp : &¥218t~9] Hlg, J/ke-K
D :2E u4e AF m
d ‘=% 3% m
h  ZAFAGAS, Wm'-k
k  EY2agkie] dAEAS, W/m-k
L x=Z3 FEFY Aol A8 m
Nu : F4 TA(=hd/k)
R AAHAA wtALEAZ], m
Re : AlE dol=Z4x(based on nozzle diameter d)
t AT sec
T @ B9 ¥¥es
e A WY PALS
o E9xa8%29) UE kg/m’
a AR
s
eCyk

sHEX
le :9A
o &7
s - AAA
wo o Eg
o F7](ambient)
1. M B

ZEAEE dRA7I7]9 dHE &2&S TUA
71 © 7P ZHA ARSEe HeEA YT
Ao 74dzt Yol ol&HI Jom, e Yy,
frelel d98(tempering), Fol¢t AE ¢ =y
9] Ax, kel A4 FARE 32 1EE
Axpgule] Wzh 5 B BEA FEASA &
$53 ok FEAESY /A ¥ ddE EAL
AEY £% WFFZ=(turbulent intensity), AE
BAlgdEe g AExZ ¥4 2 dAARA
5S¢ ¥ B AxE 9%g I3 v o
ol o] QA diF FEAEE BE THAE
o] AFdide] =Hoigith

2%t 2EAE(impinging jet) ERdgd tig

ATE FXHoEY dPFow BE A9t o
FolA gAuE oiREe] Jd7e HW|EA A
23 FEAE A7 R Bl 18
U BE A EHAIZIEY WAEAGA I9
(curved surface)dlle] ZFEAE EAE &3] &
& glon BRYEAY 52 xF9 XA Lo
3t Be 580 UM FEAES BHY +3
Bbe AAE e A7t 8ol oy, T4
of tidt FEAE g A7} FAEEAE]
2 A7 RO B9 AHolck

Thomann®& GHAAZNN 223 FH9
FEo] gl mAEs TS A3 d9 g
o] njsled AL 20% ZF/hddtn R uIPh
Metzger 59¢ 258 95¥EH AYAE
gt WZAAASS AFskd, HudAge] BAshs
=&Y SEY Alo]o Ajet ANEAGASe)
AABANE ANEGEE Foss®E Reynolds$
7t 48000, &7 ZFEdAlelel A L/d=4.95,
=EH FED Aol HALE 457 oAe] FEA)
Eol dig #5% 4 152", Lamomt 5°
7 Rubel”e AAIAES) @ A7 FAH
T YA AEST U ZERDHY 2
oM ol FE o] LA e BEAIUTL

Hrycak®& 229 w789 B(hemispherical
plate)ol ¥AEE FEAEC OF dALIEAS
AgAHoz AF3PT:. I8y 2E ReynoldsT+
(Reynolds number)$} %=1 Z2EWAlol] A
o] AudANoz HEAGATE FIgey
FAEAGATE T Rk

Goldstein ¥%2 PR BAEE AAE
EAE digt dHLEHYS F5 Reynolds
7} 10,000~ 35,0004 01014 L/d=4, 6, 10, AA}
1% 30° ~90° <) A$-el ot FERFY F4EA
gAFE 2o FAEAZASe) 4AaA
218 A sk

GauS™0e &RAE(slot-jet) & o) 8Fy A%
¥ EESERY 2EEWHAA FRTEEIY e
gige v 9P AYL 53 YA
on, FUFA We F2FALAF) HrgdA
g ABAA AL AASHH )

H2 Lim""& 220 BAlEE GRAEA



326 4734 - g

Eo Uiyt FAEALATE A(liquid crystal)
< ©o]&3 transient methodE ©l&3te] APS
Aalgen HPPR FLIAGASTL vn B
A3t

ojgjgto] Q2% FWIY BE3 FHAMe &
AT AT BAFEAEdAM Mg

A7 2F2 A g8 o] £

o GRAYAE diF 53 FHAA HAE
EAES wg ZAIABAS BF dFE of
g Hug Ho] glo] ol UHFFY dde &
AL A 7HsA R3n Qo A Ay
A5 BEoz A4 Ao HFE AT
FEE88 ANTIEEE B EAV Ao

E A7) A= liquid crystal transient method
& AHEEH AFRAZIZIENN Boe]l B F e
SEHH| BAlHE A FEAEC 3 dA
g EA4E st APAATE At sk

Age vt @ EFW(hemispherical concave
surface)oll GFYUIAEE EANA ZLEADA
T& FAs, FELVALlY HAM, AEY &4
T, Age we I2gALAFE EHIE DA
=107 Reynolds¥7F Re=23,000¢ = 471x]9) &=
EFEALol9 AALZH @ =0°, 15°, 30° 2 40°)3} 5
79 =23 FEEAAlY A(L/d=2, 4, 6,
8 % 10)e] digt] AEE FYPstd AAR
BA FEAE 93 IFIdALGEAN S ATy
stgich

2. HEHIR A ALY
2.1 AEEX|
2 A9l AHeHe AAAE Figl# 2k
_TQr

F ZHo| 7hsd YAEIVINN FTEHE
= 88 998 WA d=30me] <o
o

37)
678 Falol 2ATe) BAEH AELEe
248 AuP7NE AHEst] FAFIle LwAT}

+01T7HA 2R K& dA0E A3l A
FEHL 4A7mFAE 71 A% D7F 300om) wF
T9 EdAZe: E(plaxigalss dome)& A&
813, "] olgiddl: frelH(glass wool) T}
2EJo]| 2 Z(styrofoam) AAAE AHgsle] A&

& PAsgen, FEEHY BFALE H3d &
=g 3% 7 I=F AR

APE Yo FEUQ LEFANE 259 we
Az WHE 71EF F YA ] HE AR
¢ EUE FANFLH, 2 EUHd FS e
& 3¥ ¥12 FriEe4i(air-brush)& AH3L
of Uk §Alsle] A ¢ 0.03~0.05m o2 wi$-
e & AN HAES} &EE A oE o
ol FF9 1:1 HEE 4 HA(R40CIW)
& 9A F7|BHAE AH-E gl Rk

245 ZE A9 715 JE H3le 2
g CCD 7M=HULNIX TMC -7)¢} it &
AF olf3td FAEA AR YXo] ©E o
Ao xyrgo] wE Mo wE rigd + 9l
& 3}

2.2 gy

E AYdMe LERRAMY dFUYAAE
EAEY Y F2AACATE 3 3o
liquid crystal transient method& AM:-3l.2n,
Reynolds7} 23,0008 ®l 57FA¢] FEAMES)
FAIEHALol9] A(L/d=2, 4, 6, 8 % 108} 47}
Ae] ZE(a=0° 15° 30° P 40°)°) wa} AYPs}
I FA33qc

Liquid crystal transient methodt %#&A-& 9|
£8 25 N9 oo, o] e &

Fig.1 Experimental apparatus of impinging
jet on a concave surface



28 FHo] ZAEE BMFEAEY HE IAgALAT] &4

AEAE AL HIES} AL kA YA o
(oven)dllX AELTRT YAHLER A 71E3
o A7) FEAES EFANFOEN AT A
glo] e FEFEHY 2:HIE ngAxge
2 7183t FHoMe FAGACATE ZAH)
= gyejrt

AL nt]e Alzde 4A 71&8E 5 Jom,
Aqzke] wHEAdo]l Holup JXdY T 2E:F
AgA] vlsled LEWEE AEAHE & 4 gl
o LR AME TS § 5 U] dEe) 2%
4 sjae] AL o] 87 wWhgo] §-8o] FuHu
ATk

exusle) 3¢ 714 Wez e 4 3l
on) AME FUks LS SYERY &
suy s SgEwel 4yl JYsHe 5

ot Zlds e Wyoln, Exle FYITIEG =&
252 AYPIHEG JEE & AESAEHEL Y
ZhbaM 2xHIE Z2Asle Yol

& 7Mdn Wzhel F7HA de]l BT oj8d
F gloy 718 g 74 Aado] B3y
vz, JiEE 7)) dugvle 98 2uEE 3
Ao AAZ LEEIE {37 oz Hel
B7) gl F2 dEE of&3le, & Aol
A ARE3 liquid crystal transient method: Y
Zha) g ARSI

o]8& liquid crystal transient method®] 3
4& #ZH= Baughn §'70] Agg o83 &
= Z2F79E ety gEv B9 B9 3Hd
AGdSde wHste s $2 At 4
olFgol Rush

Ao AHgE ANPEFEY] QLEXHN /5%
o] dAEEAL FANA(Vedula 5, Yan
59 gEAAgAsTe AAZAE 2E WEG
(semi-infinite) TANAY H=FA=WAH ]
AENY 28I E ted 2ol A 2)=2
veld 4= gl

T = -((-;;wo:_—:rj%- = e"erfc(7) (1

_ bt @

LY PYoN

A7 T, & Al w2 FFEHEY 2%
TaoE 23EAY 27RE T.t AEY &
ol hi FIRGA Tl

QB PSR HAAZ AT G
o} A ol 2~3A3 713t dALE(¢F 55T)
E fAMZ Fol APRHE FEAER o|FA
A ZA7] @HE Eo] ERENE FEAEY
EA7IE QEW ZATH0] WZEAA B7HRed)
F xBH(Yellow) L %EZ(Green)2g o|Fojd
5249 gke HolF(0]3t R-GAolEelgt A
o] Yeht=d 23X wet R-GHoES Y
ehlle %o =g@d7tAe AIzt t& CCD 7t
dg, VIR, eolv] & ®2¥ 34 74 Hde
A2z® FAE olgste Ao meEl AR 4
(D)} (2)H FAEALAFTE 78 5 JUTh

ERRHAA R-GHolFo] Y} 2EE B
As7) st AFulE AlHd] AL AF 2=
FuE =] R-GHoIFol Yehue #4489 &
TE GHUE o83y 3o HA ZAs] B
Fahon, B AP AHEEHAYD 439 R-G
HolZe] LEE 43+02T U LE24E 9
gt A" dAuE Aol o 0.08m<e KHo
2 g2z9 FFWILEA(PRT, platinum re-
sistance thermometer)& AHE3t] LERAAE
WEo] 01T/ AEAE 2AxE 258 H
Asz, AEe] WFLEE Schlichting™®e) ¢
FEEEXAS ANSgITh

E3 Agojre} B84 (uncertainty) & 34
&7 $13ke} Klines} Mcklintock"®7} AA1g
He AT

3. ZneiM o % AHE

in]

3.1 FHAFo|AMe 2XE

AAHN el dAZL dAGASF} 7 A7)
7ol FArIviY ¥ e JMdale BA6NA
A FAEAGAF FAL T8 Aol
B QAP ME liquid crystal transient method
& A3t D/d=109] FEE Za L.5HEW
A E GFUFAEN diE F2GACATE
Re=23,000¥ w 57FA19 xZ31 FEHUAlY



J28 A7 - P85

A(L/d=2, 4, 6, 8 2 10) © 471X Zx(a=
0°, 15°, 30° % 40°)el wet H¥ste HAH(sta-
gnation point)°lA1e] AGAIT NusZ A8k

Fig.2oll49] Re=23,000%1 A% AAd= o W
gof] w2 AAPo|M 2 dHEAF Nugs =&
ZEgHole A L/del o A% ARNE
YehiRIch

Fig.2olM & 4 Si%o] AAFNAS Nus L/
d=671A Aa} Z7lslth7} L/d=61A o gdg
o] WA, L/d=6Rt} AZFE Nuse B3 2
239tk ol HuolMeY ZFEAEY oiE @A
o gigt AP 9T Yan 599 Azl @
Aste, L/d=6°A dF73=(turbulent intensity)
7b 7P 3 AR FUERT k¥ ETEES
Ay o] {FAE7] YEo] HhEHge] 2t
7} ot}

=3 adelA vehtxel L/d=2%0 B9E A
stus AT F7FEE AAHY Nu,
E Z2sA Jehds ¢ 4 glen, L/d=63 7
2zt 2=0°9) 39 Re=23,000¢ = Nus=2079)
&g Ztm, L/d=6, a=40°°14%: Nus=16322 U}
Ehtom L/d=6, a=40°¢149) Nus= L/d=6, «
=0°) ®lal <oF 19.3% Al et

Fig.32 Re=23,000% %% =23 FEFAA
olo] Az L/d Wsle] wE AN AL
Ao WEE AALE o) uel YeERUTH

agelM & $ g%o] AMES FEEWHIY A

>

-
Re=23,000 0 degree
2504 —e
15 degree
—A
2004 30 degree
——
% 40 degree
Z 1504 ‘/\\
1ooﬁ
50-
° 0 2 4 8 8 10 12
L/d

Fig.2 Effect of L/d on the stagnation point
Nusselt number for Re= 23,000 and
a=0°, 15°, 30° and 40°

2 L/dol @& AAHoIMe Nuss L/d=64)4
Hujgle] Jehda gleny L/d=28Rch= L/d=8°l
A 22 g4 JEdS ¢ 5 ok a3 L/d=10
olXe] ety WE HFE Nusts L/d=2, 4, 6
W 83} o] vlkY Yei2 YehIAw AP
18] HE Nu.d e £ AYPolME Re=23,000
oA Nu=1512 L/d=6¢] 4|3 < 269% A
Yot

3.2 moiE OE LWV B

SEFAUE WE F2EALAFY] EXE Jg
7] #1381 Re=23,00091 3% 4713 AALG o=
0°, 15° 30° ¥ 40°€ 2t LEEWe] SdAE
Alg= FM(contours)E =& FEEHAlo|9
A L/d=2¢t 690 A% 4 X&3% Y& nl&
2 Fig.4°) JEpiRAch

Fig4elx & & x| 3AdE «=0°¢MEe
EE A¥)M SEALATE AT $H99 ¥
& fA3 gen, AAAEs de B¢ 59
AT BHY9HR Yeiga AAgErt 7t
U8 ¢ A eY9¥EHE Jepds ¢ $
ok E% Re=23,000¢ W L/d=6¢1 7$0l= Nu
o AAWPo] od AAGelz BAgEA govt
2754 A%NY SFZAZLR] HoluAgolN A
71 24 AAY 2Po2 L/d=29) A$(Fig.4)°l
E A 2=15°, 30° R 4ol FRALARY
ARYAZe) JEEE € & b =3 FHudA

300
. Re=23,000 Wd=2
2501 -

Ud=a

2004 N\\ Udug
S ——
Ld=8

3 -
4 1“.\_'___& Wd=10
1001
504

Fig.3 Effect of jet angle on the stagnation
point Nusselt number for L/d=2, 4, 6,
8 and 10 and Re=23,000



L5 gud AEE AAZEAE] U TLGAEATY &

/a

== rlifd

Y/d
a=15degres

Fig.4 Contours of constant Nusselt number
for Re=23,000, L/d=2, 6 and various
jet angles

AAFEAES d3td AH LS 8 Goldstein'®
T A7ERS vinsld B W, B 479 FE
o] ¥ HHNAMY AAFTEAEY A TIA
2A5E 8] fle AR X/d> O(upstream)
olAE Nusl Zago] IA Yelts, X/d> 0 (do-
wnstream)olAME Nug] 24£0] A eyt

E3 Figdold B ulel o] 22 Re= 23,000
o A¥ FTEAES BARES Sl me
FAFASATY EXE X/d {O(downstream)oll
A BoE X/d> O(upstream)olA19) Nueo} 744§
o] FA Jehdg & 4 ok

Fig5, Fig6 % Fig.7e Re=23,000¢ =} ztzt
& FEFIHALY AY L/d=2, 6 2 8% 7
G AALE @=0° 15°, 30° 2 40°0] m& w3}
& JEeRigicth

Fig594 & 4 fl%°l Re=23,000, L/d=2¢!
A% xF EUg g2e FLAAGASY BEEE
X/a<09l49] Nue FHZEAE(e=00A 7B
ok 23Rl WY BN =S FRRS

329
300
Re=23,000 -
0 degree
Ud=2
2501 = -
15 degree
—A
2001 30 degree
——
40 degres
S 150 =
100]
50-
) 4 2 2 4 8 8
X/d

Fig.5 Comparison of Nusselt numbers
distribution along the x axis for
1L/d=2, Re=23,000 and various jet

angles
300
Re=23,000 -

250 /=6 0 degree
200
2 150
1004
504

"8 E 4 2 [ 2 4 6

X/d

Fig.6 Comparison of Nusselt numbers
distribution along the x axis for
L/d=6, Re-23,000 and various jet
angles

2z HdiNut 28R @ ZxdtA vehid
X/d>0004 Nue AAZE o=0° @gtolz} o
=156°, 30° 2 40°olM E5F 233 Hol LASY
Nue =08 wWrr} @=15° 30° 2 40°A
ForekAl Jeldol =3 Fig6e Re=23,0007%
L/d=6¢1 7% X/d<0]A Nue 2z} AHe way
A o FArzt=e] el wt gasie], X/d
>000M @ =0°eM= 23 Bgo] wAsix] gony,
a=15°, 30° 2 40°°0A4 23 AMo] gL &
T 0o Nue e=15° 2 30°Y 4} o=0°Br}
A et Fig.79 Re=23,0007 L/d=8¢] 7



30 PE - AYF

300
Re=23,000 -
L/d=8 0 degree | |
2504 o
15 degree
e
2004 30 degree
——
3 40 degree
Z. l&w
1004
504
o - - — —r
-8 4 -4 -2 2 4 & 8
X/d

Fig.7 Comparison of Nusselt numbers
distribution along the x axis for
L/d=8, Re=23,000 and various jet

angles
300
Re=23,000 —a—
= od
250 Ud=2 _;9’”
15 degree
—c-
200'{ 30 degres
——
2 180 40 degree
1004
504
o T
-8 -8 -4 2 2 4 8
Y/a

Fig.8 Comparison of Nusselt numbers
distribution along the y axis for
L/d=2, Re=23,000 and various jet
angles

S0l 24 AHL a=0° 15°, 30° ¥ 40°9] o=
A= YEA] g X/d<0oM BAGESY
7t o2t Nue] Waee A Fasht X/d>
oA Nu2l ¥38d 3x g JYedes ¢
Rom L/d=4, 108 AfolE L dFoz v
wol 23 =E3 FEUAtele] Agrt Fvkes
2 ZAbzre) @zl wE Nue) A3&L X/d<0
oA Nuegl Waee A Jehdu X/d>0014
Nug] Wshee 2 Jelde & 5 slen, F4Al
w7t Z7HEE FUs WE FAg9dgAs
BE¥E X/d<0o42 Nuel 74go] =4 Ueht

300- T
‘Re=23,000 ~a—
0 degree
=
2801 Ld .
15 degree
e
200 30 degres
——
E 150. 40 degree
1004
%0
. 6 4 2 o 2 4 6 ¢
Y/d

Fig.9 Comparison of Nusselt numbers
distribution along the y axis for
L/d=6, Re=23,000 and various jet

angles

A X/d>09 9 Nuf) 2282 A Jelde
¢ + gk

Fig.8~9% Re=23000Q W x27% $E¥WA
olg] Ag L/D=2% 6% B¢ AANAE ¢=0°
15°, 30° R 40° W) W& yZ9) FAFEHGA
SEEE JEIT

Fig8~9elx ¢ % I%el Re=23,000 L/d=2
g 94 y3 IAE W=t FLEAGAFY ¥
8 B¢ BARE a=0°94 23 FHPo] el
3, 2=15° 30° ¥ 40°4)M 23 PAE YR
agton AAZEsl 2AE4E Nud #¥9 7lg
7ie B8 Jeid g ¢ 5 o

B L/d=6oMe ZE Zxe] Wl wepA
24 AR JEA 94k L/d=2¢iMet o)
A%rt 22Y54S Nuol £ 71871 F48
A Jdeldg & 5 929 L/d=4, 8 ¥ 10¢i4%
e yrez Jgun

Fig 103} Fig1l1€ Re=23,000% AAAE ¢
=30°¢} 40°d W xFF FEREUALolY Ag)
Wslel WE F2GARATY] £¥XE el

Fig.10~116l4 & & Si%e] AANG T/}t 44
9 L/d=644 Nut 7F¢ A Jebs, L/d=10
d o} Nuzt 7H¢ @A Jvepdol =% &5
gdgol F38 F7lEE 25AARNN BFA
Agoze] Ho|PHoN LA FLdALAS
o) 2% AL Re=J000Y B =0°YWE L/d



LEG BHe BAEE BASEAES 0@ S4EASATY 4 %1

200

T
‘Re=23,000 —
@=30 degres Wd=2
250 dos e
Ld=4
e
200 Wd=6
——
/=8
:23 1504 —-—
Wd=10
100
50+
0 + ~ —r
-8 -8 -4 2 0 2 4 [}
X/d

Fig.10 Comparison of Nusselt numbers
distribution along the x axis for
a =30°, Re=23,000 and various L/d

‘Re=23,000

@ =40 degree

Nu
g 8 8
TETEHEIES

g
[}
-
o

Fig.11 Comparison of Nusselt numbers
distribution along the x axis for
2 =40°, Re=23,000 and various L/d

=204 22 Aol Ueldou =152 ¢ =30°
(Fig.10) 2 2 =40°(Fig.11)8] A$ol= L/d=29
Al 224 AAe] UEdth ¢=15°9 A¢ agoes
HelAlE 3R, Nus Axdox Hdgke
Zm Al L/d=29 9 X/d=1.3, L/d=4%
He X/d=2.0014 Nuzt 94 F718igde™ 24
HUNuEe X/d=27°04 28l 2=30°2 A
§ L/d=2%} L/d=49)M= AAPA Hoigte
3 72237 Nuzt oA X/d=2.0004 Nuvt
Al Z7Fst 23 HoiNus X/d=2.79)4] 2t

Table 1 Uncertainty analysis(L/D=6,
Re=23,000, « =30°)

r Typic ;
P a;mete JZHZI 5 X; (—‘%ﬁ 2z )*100(%)
R/D=5
D 0.03(m) 1 0.0002 05
t 7.88(sec) | 0.08 05
Two 565.0(T) | 0.15 24
To 26.7(C) (01 06
The 430(T) |02 48
J(0C k) 569 29 39
e 0.5 0.1 10
3 Nu/Nu=58(%)

o =% 2=40°%1 7AS L/d=2¢} L/ d=4¢
X/d=2.014 Nu7} oA Z7ksled X/d=3.3004 2
A HuiNuZb $8ges & ¢ eH, UHa ¢
o gloid W mEE FLAADATE AA
Fo) g wel 223" vEx g3 @
Z7+2(monotonic decreasing)3tA vielsich =
24 22 HdiNue AAEed weEts FAE
a=0° A L/d=20Agte] WAL ¢=15°, 30°
2 40°oME L/d=29} 4014 T FALE
7} FHEFE FAENAA e JEde & #
ek

T3 2felA £ £ URol AEY FEEA
Atole] Ayt WSE w AAE W] o
FAGAGAFe] BEE AN} Qs NS
a=0")2t AAo]l e AS X/d<0(down-
stream)ollAl Nu9] ®ste ZA Yelds X/d>0
(upstream)| A= Nug} ¥3l&o] AA vehth

AFojrle] B84 (uncertainty)g si43H7]
913te] Kline® Mcklintock"®7} #A1g 9y e
AHE-Sld Re=23,000% L/d=6 ¥ «=30°¢! A%
ojre) AHAIAE Table 161 LeEWIYTE Table
19} Yehd ule} Zo] Nusselt2] HAEZAA
(total uncertainty)< <k 58%°lev, R-GX
e 2339 B840l 7P 3A vebdrl



32 47 - A¥E

FAATEe] skl ATR Aolm, ole] 7}
g =3y

4. &8 £

B d7AME Liquid crystal transient method
§ AR83ld D/d=109] &S ZIL 2LE5FH
A dRYd BAFEAEC g 342494
2ATE Re=23,0004 9 5719 =57 FEX
HAtole] ANl/d=2, 4, 6, 8 ¥ 10) Z 471719
Zx(e=0° 15° 30° % 40°)°) ue} Adsle &
A% 43 53 2 FEE AUtk

1) BAEE g 25 ddd4e Nue A
oA L/d=6%1 Aol 7P A vehga, 22
ReynoldsF 7% AAMzt=e) F7b] Wk Nu
£ Z4E9eH, 1/d=6%0 A% AAHAMY H
INUE ZBAHE @ =0°¢] Bj5td BAE @ =40°
QA 7% Hdl 19.3% HAsAc)

2) FALYFEAEY 7S SEAHATE
Ades Yelou ZAFEAES Ay
2AFE BYHE Jepdon I8 gl
T TEAATE FEo] gle AEY X/d>0
(upstream)oll A& Nug] 7H4go] aA Jepga,
X/d<0(downstream) o} X Nu2] z+2go) 2HA)
Liebsit

3) FEAEY AALEIE Je AS AHAlZo)
fle BFET Azt wgd gE g
A HEEe X/d<0d ZA Jebd 3 X/d>
0ol FA Yelden, x&3 FEWHAM2 A
27} ¥iste] wtE FAGHGATY] Haee X/d<
0olA A Yehdm, X/d>0004% ZA veRge)

4) LERHY yFo 7As TAYIAEY o
Re=23,000914 L/d=2%] Z$olA 223 He] e}
wor FAZEAEY H$ BE 23 AL e
WA gon AAZErt AE4E Nuol £X9
71871 3338 Yehgtl

5) 2& Al Nut Re=23000014 F22EA)
E(2=0)% A%l L/d=20)4wte] Atz 7
A EAE(e=15°, 30° 2 40°)Q ZH$ol= L/d=2
R 4oA] B FARETE SRS FAAE
oA He] Jepsic)

= 7

g
ox 2 offf

‘]

rlr

19969 % = TG TR

o

g

. Baughn, J. W, Hechanova, A. E., and

Yan, X, 1991, “An experimental study of
entrainment effects on the heat transfer
from a flat surface to a heated circular
impinging jet”, ASME Journal of Heat
Transfer, Vol. 113, pp. 1023~1025.

. Hrycak, P., 1983, “Heat transfer from

round impinging jets to a flat plate”, In-
ternational Journal of Heat and Mass
Transfer, Vol. 26, pp. 1857~1965.

. Thomann, H., 1968, “Effect of stream-

wise wall curvature on heat transfer in
a turbulent boundary layer”, Journal of
Fluid Mechanics, Vol. 33, pp. 282~292.

. Metzger, D. E., Yamashida, T. and

Jenkins, C. W,, 1969, “Impingment cool-
ing of concave surfaces with lines of
circular air jets”, ASME Journal of
Engineering for Power, Vol. 91, pp. 149~
158,

. Foss, J. F., 1979, “"Measurement in large-

angle oblique jet impingement flow”, AIAA,
Journal Vol. 17, p. 801.

. Lamont, P. J.,, and Hunt, B. L., 1980, “The

impingement of underexpanded, axisy-
mmetric jet on perpendicular and in-
clined flat plate”, Journal of Fluid Me-
chanics, Vol. 100, part 3, pp. 471~511.

. Rubel, A., 1981, “Computation of the ob-

lique impingement of round jets upon a
plane wall”, AIAA, Journal, Vol 19, pp.
863~871.

. Hrycak, P. 1982, “Heat transfer and

flow characteristics of jets impinging on
a concave hemispherical plate”, Proceeding
of International Heat Transfer Conference,
pp. 357~362.



10.

11.

12.

289 THslel RAHE FAFEAR g F2IAWATY 57

. Goldstein, R. J., and Franchett, M. E,

1988, “Heat transfer from a flat surface
to an oblique impinging jet”, Journal of
Heat Transfer, Vol. 110, pp. 84~90.

Gau, C., and Chung, C. M., 1991, “Sur-
face curvature effect on slot-air jet im-
pinging cooling flow and heat transfer
process”, ASME Journal of Heat Tran-
sfer, Vol. 113, pp. 858~864.

97Ad, 19%, “LEREHA PAlEHE 4FEY
FEAES U3 ZLEAGASF FH B
A+, F71x3 WETE =23 ATE AlE,
po. 112~119.

Baughn, J. W., and Yan, X, 1991, “An
insertion technique using the transient
method with liquid crystals for heat
transfer measurements in ducts”, Fouling
and Enhancement Interactions, Rabas, T.
J. and Chenoweth, J. M., Edited, ASME
HTD-Vol 164, pp. 77~83.

13.

14.

15.

16.

Vedula, R. P, Metzger, D. E., and
Bickford, W. B, 1988, “Effect of lateral
and anisotropy conduction on determi-
nation of local convection heat transfer
characteristics with trasient tests and
surface coating”, ASME Collected Papers
in Heat Transfer, HTD-Vol. 104, pp. 21
~27.

Yan X, Baughn, J. W., and Mesbah, M.,
1992, “The effect of Reynolds number
on the heat transfer distribution from a
flat plate to an impinging jet”, ASME
HTD-Vol. 226, pp. 11~18.

Schlichting, H., 1979, Boundary Layer
Theory, 7th ed., McGraw -Hill, New York.

Kline, S. J., and McKklintock, F. A., 1953,
“Describing uncertainties in single sam-
ple experiments”, Mechanical Engineering,
Vol 75, No. 1, pp. 3~8.



