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Control of Impinging Jet Heat Transfer Using Mesh Screens
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Abstract

The local heat transfer of an axisymmetric submerged air jet impinging on a heated flat plate is
investigated experimentally with the variation of mesh -screen solidity. The screen installed in front of the
nozzle exit modifies the flow structure and local heat transfer characteristics. The mean velocity and
turbulence intensity profiles of streamwise velocity component are measured using a hot -wire anemometry.
The temperature distribution on the heated flat surface is measur ed with thermocouples. The smoke -wire flow
visualization technique was employed to understand the near -field flow structure qualitatively for different
mesh screens. Large-scale toroidal vortices and high turbulence intensity enhance the heat transfer rate in the
stagnation region. For a higher solidity, turbulence intensity become higher which increases the local heat
transfer at small nozzle-to-plate spacings such as L/D<6. The local and average Nusselt numbers of impinging
jet from the ©,=0.83 screen at L/D=2 are about 5.6~7.5% and 7.1% larger than those for the case of no screen,
respectively. For the nozzle-to-plate spacings larger than 6, however, the turbulence intensities for all tested
screens approach to an asymptotic curve and the mean velocity along the jet centerline decreases
monotonically. As the nozzle-to-plate spacing increases for high solidity screens, the heat transfer rate
decreases due to the reduction in turbulence intensity and jet momentum.
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Fig. 6 Variation of mean velocity and turbulence intensity profiles along the centerline of free jet

Hoa zrastm gt zeln s &l & 23
39 A, =F EF 7 AE F4HI9
A 2 GFTE e 7FAH, SRR Golzhd] o
2 AE FAIGAMY Ad & WE GFAE
Aol AT AT 183 gurEel dEAe
FE5HY WLyt & EEFNE X $A
AN & FIFAE FE AT U

FEER 97 oM AFEF(free jed] F
E A5 FEdH FY #5859 #5
1& #FHol AUtk Fig 6() AT 2¥L
g gdet AT JFEESEEEE JE
B Aolth, FAE T (center velocity) U, & 2% &
T& S (exit velocity) U, 2 Fatdsg ey, 7t2%
2 2527 p 2 A x5 ET2FE
AZXD)E JERRI lth Fig. 6(a)e] St X
3 X g &% ZAEE velhd Fojth
Ol HE ulel Fo] =FZRE AUt Hol
ATE g wE AEFAAYe $Ex7)
ARE AL @ 5 Aok 23U D=6 & FAR
I olF9 ddoMyE A23A AL AT mE
&5 A go] thA] I EE AFS Btk

238E& HAIARE A4, AE FASEE 2~
™S AR ¥& Afd 413 dFZ WPs
of what oF 3-~17.5% FAFFHn U}k Aol &2

g
E

& AOUHY ¥& Aol AE FAGHA
&£52r47 aA JElvdE AL Baines ¢
Petersone] Ao} & )3t}

Fig. 6(b)x FH%ES wet AT dFFEEX
2 Jehd Aotk o4 2Y giA2 2=3o
P "WuEc 23PE HXI9E A9 dFH
=7 24 veldE RE 4 F stk =& &7
24 99 XD<6 ANME AAYY A Lo L
+2 GEAE AdFes 2 gg RoAEt.
a3 /D=6 %l AF FTod BE 23" o
st GRAEI Aoigks 7R B3 Re=12,500
oA 0,=0438 o =AY U3l APE FH
Baines 9} Peterson’d] Y HFAE Ao}t v wEd
BY f5219 Aol2 3ty FHFAA ghe]
ol glovt Ak A B djduie Ui
3ha &g #EE § Utk

Fig. 6(0)¢] 3t TS 23398 MXEA @
e wel A23dL HAINLS B4 GREAE
apol2 UEld Aotk x=Z 7T EE e
Yolztel me} awlgo] & 239L HAUL
A%, GRZAES waA #Arsn g olAe

Laws &} Livesey¥e] Ao} dxste AHold



o
oy
Fx

L/D=8 L/D=10 ]
070\—0 ]
P =025 ]
= 0.60 7]
=071
-y o = 0.83 ]
Fig. 7 Variations of Nusselt numbers for fully-developed impinging jet with screens
33 M4 3ol ol YHUE Wl .
Fig. 7 & 2E879 A48 54S =39 % O .
9 Abols] ABWD)E AAEFZ YEbd A wr f e .
otk FEWNNE FAAHDATE Nusselt 52 ; * SN
FA AT Z0f o, "N
@714 2 S AAGES U H49 b el g
e RD=0.5 B Hdighs 7Hath o] 93 x wg;g
S el §EMAE ARl BE W9 o 2 I S
TR toroidal $7F7F FEEE AAE o]F Aol 0 2 ¢ L/6D 8 10 12
of WEE BHel Yee ¢ F A 2R W (@ First peak
A 4ges ekt wd Bx was)
RD=10 $-30A4 A dagsol J5stel 2 2 T
44 A B o F AeeinE daRAT b
= wz gawt FEY AR 3RAAFL i
25 %o ¥HAEE toroidal 9}%9] o HE 2wl \.\a
Fudsl dsdgos 449 U9 AR Uy ; gl
on sl WRAAZOE AoHoiuT. A%, ol R N
FEAE G *1 Hehvte 2 A 43 dde [ e
ZRAAZNN GEAAZLZ HolguA IF I
Beo B2 AW WAL BEEAZT 42Y R
T e - R o . (a) Seﬁ(/)lr?d peak
ﬂLi?:fX*zgq‘;; ‘j:lji g]iz;—ig %izgj]] z Fig. 8 Variations pf 1_0(:3} N'ussel.t numbers for a fully
iﬂzlb‘;lé e LH]%H 27}3}01_9__;_’ o 2 3 developed impinging jet with screen
ot a3, D=6 ZANNE 2389 AHE E [/D<6 ZHAME & dHALES HolARE
A@glo] ¥ad F2 AGEITE By 18 D=6 AAZ 39 LD>6 TN dHEEl
U w2 3259 Aold At Lpve FRoz  Basl sadm Atk =23 FEW Al
Hol A4S A3WUL AX A9t 2818 23 A #HE D=2, 3 dA 3L dALEAFY 1
ol 9le ASET 23 @e Ta dAEAF A AFA 2 A FH (L 2390 U= Bl
e vEhia gt His 56~75% A% 2 %& 7HAh
Fig. 8 & &0 AZ & 23”0 ke 239% AR Fe dYAES Afde

wZ3 FEW Atold] Au|(L/pD) ¥t me

a4 dHgAFe] 1 2 AE 2 2 AP W
E g Aelth. 471 HBY aE g &

Lee 59 Aol w7t 2 Lp=6 -l A &
FAE Adgg 7HAH, o] o FTaFAEAT
AA Hdighe s wEe 2a-de A



Wy sANS 0 FF FE
757 -
@0, =0
& o, = 0.25
7ok i_ﬁ) + - 0.60
L % > N o =071
5 N o, 0.83
Z 651 - \
l S
60 r "R
' <
55 L 1 L 1 1 i L L 1 A il
o 2 4 6 8 10 12
L/D
Fig. 9 Variation of average Nusselt numbers with

respect to nozzle-to-plate spacing (L/D) for
various solidity o,

Solle A g Adaglol D=4 A A =
gA7E HOgg ZEvh oie 239
NgoMN DA E FHFRBEY FUe F
719l frejez Xdld 3o d9de dolrt
FgolA 7 WE Aoz Held Fig. 6 oA
St %e] AE o] FAdME 23 AR
Jsld £EFRTE GRARY T F
=R A vEbdth Aol ¥ 2HYE HA
FAE AS, =E2H FEB Al At b
FE o]y GHEAEY Fre IhH EAEE
AN A F= oagloz A2 4 F gtk
o =23 FEW Atole] AHert HAHFEH
238 A& A3l g dFEEe Aole A
b AbEHAIE, ddFH oz EF & & &
szt Aoz 2H43ty] W AL ol
F43 "oty H4HE & gich
Fig. 9 © F3Wol 9 HF FAQATE =&

3 2EW Ao]el Agjule @42 vEhd Aot

J¥AM B F ko], ¥ dHEATE d4
A3¥9 A& 4% A wou Ay
L/D o ma E4o] ¥z AE ¢ & Utk
E3 /p=2 Q) ZAdME =34 A#H gl &
FE Py gAgASE S8t AHE o= 083
AeE 270 gl Aol 28 F 72%
@ 7T

Ay LD 7% F7hEel el 23" g W
stol W E F7 dAGATY oy A Folg
o, L/D=4 A L/D=6 Alo] G &= 1 Fo]=
Ad AHA geor 2HY =23 FEW AL
olol At /D=6 Bt} AXA =HEH 23J& A
25 B g dAGAS B 23YE AA
&2 @ Aol wF YJuHgeoz F& g vt
Atk olAHL Fig 7 I Fig. § oM AdFsA
LD>6 FEoliMe 4 dAGAT EXdME

u to

AE AN Aojof #F A7 729

& S gtk
4. 2 B

AH o] HNE UE w4 2IYE o] &3 F
EEFY RETZE HE3 FEUAAY AW
EAo vlxe Ao oIz d¥PHoR AT
o B Ay Ang FeEy e 2o

(1) 23¥9 zHEo] AAFTE AHE T4 &
e 2% FE5Y Aold AWwbyt 718
el AA FAY. BE /p<6]) dPdE o

o2 & #g A

(2) &3 FEYU Alol Ayt i Ao
g 239 AS, dHEAEY F/E e &
AEAe7E 273 g o= 0839 2aYL
/D=2 AN 23] gl H5ol vla 34
AALATE ¢ 56 ~ 7.5%, B EHRGAFE
ek 7.2% F7F8kiv

(3) HA&o] ¥ A23VL A HS, AE
W7} /D=6 °o|o2 F7METE 5% 4 dF
BEY AR Qstd gAY anvt AA Fas
o o Aggel AadEd o dALAST
< 7hHe

@ 23¥& HAFH FL AT LD=6
B o dALAF e AW 23dWe
gl wel Zs g FBGlol LD=4 B2
A FHdlghg 7hd

=
ol
il
H1
o
k)
o 2

Py

% 7|
B Q7 BK21 AN FAARTA A D
g 59 o, o) BT

128

ik

(1) Baines, W. D. and Peterson, E. G., 1951, “An
Investigation of Flow Through Screens,” Trans. ASME,
Vol. 73, pp.467~480.

(2) Rose, W. G,, 1970, “Interaction of Grid Turbulence with a
Uniform Mean Shear,” J. Fluid Mech., Vol. 44, pp.767~779.
(3) Laws, E. M. and Livesey, J. L, 1985, “Flow

Through Screens,” Ann. Rev. Fluid Mech., pp.247~266.

(4) Johan Groth and Ame V. Johansson, 1988,
“Turbulence Reduction by Screens,” J. Fluid Mech.,
Vol. 197, pp.139~155.

(5) Comte-Bellot, G. and Corrsin, S., 1966, “The Use of
a Contraction to Improve The Isotropy of Grid
Generated Turbulence,” J. Fluid Mech., Vol. 25,
pp-657~682.

(6) Grant, H. L. and Nisbet, I. C. T, 1957, “The
Inhomogeniety of Grid Turbulence,” J. Fluid Mech.,
Vol. 2, pp.263~272.

(7) Kistler, A. L. and Vrebalovich, T., 1966, “Grid



e

by

730

Turbulence at Large Reynolds,” J. Fluid Mech., Vol.
26, pp.37~47.

(8) Lee, J. and Lee, S. I, 1998, “Stagnation Region Heat
Transfer of a Turbulent Axisymmetric Jet Impingement,”
Experimental Heat Transfer, pp.137~155.

(9) Lee, J. and Lee, S. ., 2000, “The Effect of Nozzle
Aspect Ratio on Stagnation Region Heat Transfer
Characteristics of Elliptic Impinging Jet,” Int. J. Heat
and Mass Transfer, Vol. 43, pp.555~575.

(10)&ed, A5, HEZ, 1999, 2 244 Ad
SAEAN dRFES Hete] g FF B
qeg 54, A= B #, 4 23
A 6 &, pp.753~760.

(11)Baughn, J. W. and Shimizu, S., 1989, “Heat Transfer
Measurement From a Surface With Uniform Heat Flux
and an Impinging Jet,” ASME J. Heat Transfer, Vol.

111, pp.1096~1098.

(Gl o

]

a “

.o,)\l-g_;.

©

1953,
Sample

(12)Kline, S. J. and Mckiintock, F. A,
“Describing  Uncertainties in  Single
Experiments,” Mech. Eng. Vol. 5, pp. 5~8.

(13)Lee, D., Greif, R, Lee, S. J. and Lee, J., 1995, “Heat
Transfer from a Flat Plate to a Fully Developed
Axisymmetric Impinging Jet,” ASME J. Heat Transfer,
Vol. 117, pp.772~776.

(14)Gardon, R. and Akfirat, J. C., 1965, “The Role of
Turbulence in Determining the Heat Transfer
Characteristics of Impinging Jets,” Int. J Heat and
Mass Transfer, Vol. 8, pp.1261~1272.

(15)Gardon, R. and Akfirat, J. C., 1966, “Heat Transfer
Characteristics of Impinging Two-dimensional Air
Jets,” ASME J. Heat Transfer, Vol. 88, pp.101~108.



