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An Experimental Study on the Heat Transfer
Characteristics of Corrugated Impinging Jets

Ye Yong Kim and Kui Soon Kim

¢ Corrugated Impinging Jet (4% 5 &% F), Wake Generation Plate (F A4 W)

Heat Transfer (¥ 7 W), Liquid Crystal (%3)

Abstract

An experimental study has been performed to investigate the heat transfer characteristics of impinging
Jjets with corrugated nozzle and wake generation plate. Three different shapes of cotrrugated nozzle and
five different shapes of wake generation plate were tested to improve the heat transfer characteristics of
impinging jet. Heat transfer coefficients were obtained by using transient method based on the liquid
crystal thermography. The effects of corrugated nozzle and wake generation plate on the heat transfer
characteristics of impinging jets were discussed in detail. The results showed that both the corrugated
nozzle eand the wake generation plate improved the heat transfer characteristics of impinging jet.
Especially, heat transfer coefficients around stagnation region of impinging jets were highly increased.
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Fig. 6 Nu distributions of the corrugated impinging
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Fig. 7 Nu distributions of the corrugated impinging
jot, H/D=4.0, Re=35,000.
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H/D=4.0, Re=45,000¢1 A$AY FARLZ #Fol
B3¢ 47 il A Nusselt 77F AANE F9o
A Nusselt &= 129 HE7A 48l &334
A w29 AMolM Nusselt 4 185 A=E H
A{ Holv, HNHY P UY FFER
B} 4% €AY B4& vehdth 84 5
AMNA G900 e Nusselt F 180 AEE R4
bl AN 49& AE oA REgdMe
T2 & dHE ZA4E 2 ol ¥ 6K
O FARE HF B2 W] Folx 2FER
o2 $F5F Ao Yoz HoA e HAY
of ZIYE ¢ 4 Utk WY 7, Y 82
Nusselt 5 ¥ 1A 175 F==2 ¥4 5 A 62
e W g& JeEA T, 4 R ¥
Sl ANtE oA e A BAYE
vebdth Fig. 9914 & + Uxel ¥4 5 ¥4
6€ AlZdela B 7, B 82 AFdelth
F, FARE F¥ T2 GRd A%eld, 4d
Foz v e TEYE SedBon HeEl
g9l ARZEYe] AztgRe 49 @dde &
qg Ve & o 5 stk

B A7 BBAZE 95% o)A AlE =4
&3 H 227 i3 @3, Nusselt 51 ©
QAR 9] 2§}

5 @ =

4y % WYy FEEHRS dde B4 A

Table 1 Uncertainty analysis.

N Ty~ T (Tyy— T 10.2%
XT,—T)/(T,—T) +0.9%
oV pck/V pck +5.0%
S/t +0.1%
8D/D +0.4%
Okl k +0.5%
84/6 +0.8%
68 _1 208
@ =250 +1.0%
Oh _ 2, ¢ Otye (B8y2qu2 .
p LT )t () +;f YVE| +2.7%
0Ny _r(-Lh oD
N = LD+ )+ (3T | £2.7%

diez Y ANE& EUVEZ & AEE
o3 ok

D JHER A& AL8EE dRER FHAA
2EERY A Aert /e Ry 34
% T27 o @A #R=z, 3z A
AHA ol e Y JMFst W& YA 1]
$48 FAW & BAh &, ANAH g9
X . H/D=4.0, Re=45,000%! ZA+ 16%, H/D=6.0,
Re=45,00091 -9~ 32%, H/D=4.0, Re=35,000%! 7
20 17% A%9 Nusselt + 45§ e
i) ¥/ ARE A 9= 4 T
fEC $59 d3d B4 gHE B2UAT 9
HA4w T 2R FAR {50 HRE A
ol FR7 wol wAsle Aol TR A
¥ B4 e BolH, I FoA4 AGE& A
£8= ¥4 60 $% dAW XY BT
ZF, ANA JGolA H/D=4.0, Re=45,000%] B+
29%, H/D=6.0, Re=45,00021 749 32%, H/D=4.0,
Re=35,0002] %ol 23% AXE9] Nusselt 5 42
& Yehic

iil) £HF¥T 2EFH Aol A9} Re G0l
wAgel WY PEHERY ER YHAE HAA
1% 2EEREYG o AW RY& E
=3 ’

% 7|

o] #E& 1996¢x ¥ gl EAds] T4



828 ‘ dds-2A¢

A A7ue] st ATHRAEE W ool
A=y

HAEH

(1) Downs, S. J. and James, E. H., 1987, "Jet
Impingement Heat Transfer-A Literature
Survey,” ASME paper 87-HT-35, pp. 1~11.

(2) Gardon, R. and Cobonpue, J., 1961, "Heat
Transfer between a Flat Plate and Jets of
Air Impinging on It,” International Develop-
ments in Heat Trangfer, Part II, pp. 454~460.

(3) Gardon, R. and Akfirat, J. C., 1966, "Heat
Transfer Characteristics of Impinging Two
dimensional Air Jets,” Trans. of the ASME,
J. of Heat Transfer, Vol. 88, p. 101.

(4) Obot, N. T., Majumdar, A. S. and Douglas,
W.J. M., 1979, "The Effect of Nozzle
Geometry on Impingement Heat Transfer
under a Round Turbulent Jet,” ASME Paper
79-WA/HT-53.

(5) Gundappa, M., Hudson, J. F. and Diller, T.
E., 1989, "Jet Impingement Heat Transfer
from Jet Tubes and Orifices,” Heat Transfer
in Convective ASME HTD-Vol
107, pp. 43~50.

(6) Hollworth, B. R, and Berry R. D. 1978,
"Heat Transfer from Arrays of Impinging
Jets with Large Jet-to—Jet Spacing,”"ASME
Paper 78-GT-117.

(7) Sparrow, E. H. and Lovel, B. ], 1980,
"Heat Transfer Characteristics of an Obliquely
Impinging Circular Jet,” Trans. of the
ASME, J. of Heat Transfer, Vol. 102, pp.
202~209.

(8) Metzger, D. E., Yamashita, T. and Jenkins,
C. W, 1969, "Impingement Cooling of Concave
Surfaces with Lines of Circular Air Jets,”
Trans. of the ASME, J. of Eng. for Power,
Vol. 91, p. 149,

(9) Hrycak, P, 1981, "Heat Transfer from a
Row of

Flows,

Impinging Jets to Concave

Cylindrical Surfaces,” Int J. of Heat and
Mass Transfer, Vol. 24, pp. 407~419.

(10) Striegl, S. A. and Diller, T. E., 1984, "The
Effect of Thermal Entrainment on Jet

Impingement  Heat Transfer,” Trans. of the
ASME, ]. of Heat Transfer, Vol. 106, pp.
27~33.

(11) Goldstein, R. J. and Timmers, J. F., 1982,
"Visualization of Heat Transfer from Arrays
of Impinging Jets,” Int. J. of Heat and Mass
Transfer, Vol. 25, No. 12, pp. 1857~1868.

(12) Goldstein, R. ]J. and Franchett, M. E,
1988, "Heat Transfer from a Flat Surface to
an Oblique Impinging Jet,” Trans. o the
ASME, ] of Heat Transfer, Vol. 110, pp.
84~90.

(13) ol &, FQ4], A, GAR], 1997, “& &
T ubpdo] ESE YYAEY d¥eE W
R84, ] A8Ee=EHB), M21H, A4
&, pp. 579~588.

(14) /84, <9, HU, o|E4, 1996, “AME
2= gl L&YY dHE F #AM
FEe I A9H A1, AR AT = EH
(B), #2037, 9%, pp.2991 ~3006.

(15) Schlunder, E. U. and Gnielinski, V., 1967,
"Heat and Mass Transfer between a Surface
and an Impinging Jet,” Chernie-Ing.—-Techm,
Vol. 39, p.578.

(16) Ali Khan, M. M., Hirata, M., Kasagi, N.
and Nishiwati, N, 1982, "Heat Transfer
Augmentation in an Axisymmetric Impinging
Jet,” Proc. of the 7th Int. Heat Transfer
Conference, pp. 363~ 368.

an A7E, 4L, AAE, AMEHE, 199%,
“Impinging Jet®] €% &4 4 & A7 A
1Y A% BFgF+RYY Bdx FAHY
a8 =83, pp.259~263.

(18) ¥4, o1&A, 24, 1995, “¥HF/NEH
AeA AR Ee ¢ AdFA ZH” dg
71 A% =B A197, A11%, pp.3084~3090.

19) DAL, PAE, 1995, “AH§ ol ¥ @A
&3 WM F3 oAd ®el7] A%



By SEENS] dAE Ry B YA AP 329

AT, g F oA,
pp.74~82.

(20) Camci, C., Kim, K., Hippensteele, S. A.
and Poinsatte, P. E., 1993, “Evaluation of a
Hue Capturing Based Transient Liquid
Crystal Method for High-Resclution Mapping
of Convective Heat Transfer on Curved
Surfaces,” Trans. of the ASME, J. of Heat
Transfer, Vol. 115, pp. 311-318.

(21) Kim, K., 1993, "An Experimental Study on
the Flow and Heat Transfer Charecteristics
of an Imnpinging Jet,” KSME J., Vol. 7, No.3,

A23W, A4z,

pp.258~271.

(22) Schultz, D. L., and Jones, T. V. 1973,
"Heat - Transfer Measurements in Short
Duration Hypersonic Facilities,” AGARD-
AG-165.

(23) Baughn, J. W., Ireland, P. T., Jones, T.
V., and Sanjei, N, 1989, "A Comparison of
the Transient and Heated-Coating Methods
for the Measurement of Local Heat Transfer
Coefficients on a Pin Fin,” Trans. o the
ASME, J. of Heat Transfer, Vol. 111, pp.
877-881.



