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Numerical Simulation of Two-Dimensional Impinging Slot Jet
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Abstract

The characteristics of laminar and turbulent slot impinging jet flows are examined using segregated
FEM with SUPG. Turbulent flows are modeled using Wilcox'" k- w turbulence model . The results are
validated by comparing with velocity field of the existing experimental data . The distance of the target
plate from the nozzle varies between 2, 4 and 5 times the slot jet width. Present study shows that the
k- w model gives results which agree well with the existing experimental data. In turbulence flows, the
velocity profile of present calculation is more accurate than the existing numerical calculations. In

laminar flows, We found tertiary vortex which was not found in the previous numerical study by M.
chen® et al due to the numerical difference.
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Fig. 3 Streamlines of the present
simulation with H/B = 2, Re = 220,
690 with SUPG. x is nomalized by B

Re = 220

Fig. 4 Streamlines of laminar flow
at Re = 220 and H/B = 2 with central
difference scheme. x is nomalized by
B

SUPG
Central Difference Scheme

| N Iy

10 15 20
xB

Fig. 5 Comparing C; curve of
laminar flows with SUPG and central
difference. at Re = 220, H/B =
FAME 2 AT A F
o2 2B ul M. Chen5dA Al
F5ol Wiy dEsiEo] 988 2

by

r'b‘ Sl r_>|".

F.EL

T 2o e FQ BRo|o.

FAAENEOE FHAEIYL ol 8@ A
2 @79 2ae 3 G UL
AFFYE AohaA AgRe A
FolAL AuARlE FA G 43

WA ¥ (Circulation) o]Fd] Vo=
& (Circulation)o] ZHAl &5 o] ¢ or} o]

s r?_.

o oy W

100 x 80

ot 150 x 130

0 ——

o
o
=
o
B

Fig. 6 Test of grid independence
with 100 x 80, 150 x 130. central
difference scheme
M & ¢ ¢ AT dFHY FHL
7HakA] A E Re = 220 ©] 38 AktelE UF
v e 2=t ety 34 FErr dA

& Bt AE YTAAE ALY 37 K50l
]

o

W3 WL F9 &= TEgdg Foy
ARG Z2gds FHU& W vud] & 2o
wol & egte, |

i oE. e U[o

2 o 59 4

w

71&e] vE 3 ATFHHB =4, 5 A A
of Wg diolng FId% 74—°r<>ﬂ cnaroq F3
H49¢ Pk

o

Fig. 7 Comparision of computed

x-component of the mean velocity with

the experimental data for Re = 20,000

and H/B =

= 20,000 AME 71ES AY AFoA F
¥ = Z23d vasgch HB = 4 oY
350x100 o 22 =g AHSFT

A9 zAAt 2 YT IFF % & F

Rew &5 Z23gde PPsct. A= Fig 7
axq £ F Aty & A7 &5y, 2 AT



0015

00124

0009

b
Q.Chen-V.Modi(1889) |
Present simulation 1

0006

0.003

Fig. 8 Skin friction variation with

x/B for Re = 11,000 and H/B = 5
g8 $xolW x & A=Y Z B 2 7Y
Aglolt, gl 2 5 slEol A ZAzne
A8 A} e B ANPe ¥ Ao 59
yB 7} Z7VE) me moly £% Zznde)
FA Folg F weprte AE FU¥ + o th

Re = 11,000 oA Aag A= G curved o
4 A" dF Aol wmadd Fugy®
o Ayl nus B of $4 HL A9
FA7L i F A dol HlmAH Hx
&etA BEHo) g2e & Ak ol B o
Tol A AL-E3 SUPG 7t olde] thE dFdA
ALEE FAAE 71l ¥E X F4ato] o
Ao Fulg FO AFSA d&3E 7198 A
o2 wrh YEolAH, HtEFuje] oo
g Yolx 71&9 Ak vla] o & Axedds
gez o} AEEFUA e YEFL vlay
& Ze

g

¢

[e)

>R

ha

l

%R For T EAl]ZE 350
x 100 ot} Holx A WA y*=1
fA s

Q

“
Lex= o

4. 28

FEAEY MY 2 54e 2449 ddg
24 A2l Ao Roloh BobA 24
FARY ATES AFE FZ Nu, G % 5
doleig AP Mmstuen olFoiAT &
AFANE ob) AhBe) BY RRo HolHE
A4 o AvA $AAe Fh2 Y

pret

=]
s
Z"..

-607-

olof &g HojEE F
st gk

1999 ol Qians®L C; curve
wEEol 5 A AHE F 041
U &5 Z2gdd Jdg vjm
AdFAM o= od AAZ
BE I Folg Z weprtA £3
Fo A HH) 5] J%Efz gatoz
A} G ZES rRAdE
& SUPGE s I = QB& tjolE
2 F Ak
FAR7IH Y A B wE FE
o] drly} & oxE 712 olE
°1§E d, 71&9 d+Aanet |
dojHe A & F gl%o] AFH<l
A4 49 5FE AYAA
aol7t Ve A

=90
=

y

r°1'

_,

r.&)ilm

I

41 K o 2 ot o Hrorot |

a
e r

-

Es}

==

Koo & 2 D
O oi_tnicjo}ﬂ l-ﬂ
ngﬂ"mlonz‘“é
o > £ 9

-{w\i

2

go @ rie
tjo o Ho 12
oy

o o
b

2
X o2 (o
£

L

)

a® |

(oo 130 M oop
Xl

o H 2

ne‘.i
tio
4
32 of

7|

Pk

L

A7 TG er
Agie] A Qo ol Fol

AT ARIST)3} BK21
g iV

AR



o 5

_

1%}

g

(1) D.C. Wilcox, "Turbulence Modeling for CFD",
DCW Inc., La Canada, CA, 1994

(2) S. Polat, A.S. Mujumdar, W.J.M. Douglas,
"Impingment heat transfer under a confined slot
jet. Part LEffect of surface throughflow",
Canadian Journal of Chemical Engineering,
Vol 69 (1) , pp.266-273, 1991

(3) S. Ashforth-Frost, K. Jambunathan, C.F.
Whitney, "Velocity and turbulence
characteristics of a semiconfined orthogonally
impinging slot jet", Experimental Thermal and
Fluid Science., Vol. 14, pp.60-67, 1997

(4) Hin-Sum Law and Jacob H. Masliyah. "Mass
Transfer due to a Confined Laminar Impinging
Two-Dimensional Jet", International Journal of
Heat and Mass Transfer, Vol. 27, No. 4,
Pp.529-539, 1984

(5) M. Dianat, M. Fairweather, W.P. Jones,
"Predictions of axisymmetric and
two-dimensional impinging turbulent jets,
International Journal of Heat and Mass
Transfer, Vol 17, pp. 530-538, 1996

. (6) Mingyong Chen , Radek Chalupa , Alan C.
West , Vijay Modi, "High Schmidt mass
transfer in a laminar impinging slot jet flow",
International Journal of Heat and Mass
Transfer, Vol 43, pp. 3907-3915, 2000

(7) K. Heyerichs and A. Pollard, "Heat transfer in
seperated and impinging turbulent
International  Journal of Heat and Mass
Transfer., Vol 39, pp.2385-2400, 1996

(8) Qian Chen, Vijay Modi, "Mass transfer in

turbulent impinging slot jet”, International

Journal of Heat and Mass Transfer., Vol 42,

pp.873-887, 1999

H. G. Choi and J. Y. Yoo, "Streamline

upwind scheme for the segregated

flormulation of the Navier-Stokes

equation,” Numerical Heat Transfer., Part

B. Vol. 25, pp.145-161, 1994

(10) F. R. Menter . "Two-Equation Eddy-Viscosity
Turbulence Models for Engineering

flows",

)

Applications", 4144 Journal, Vol 32, No. 8,
August 1994

(11) Rice, J. G., and Schnipke, R. J., "An Equal
Order Velocity Pressure Formulation That Does
Not Exhibit Spurious Pressure Modes", Comput.
Methods Appl. Mech. Engrg, Vol. 58, pp.
135-149, 1986

(12) Brooks, A. N. and Hughes, T. J. R,,
"Streamline-upwind Petrov-Galerkin formulation
for convection dominated flows with particular
emphasis on the in compressible Navier-Stokes
equation”, Comput. Methods Appl. Mech.
Engrg, Vol. 32, pp. 199-259, 1982

(13) S. T. Chung , H. G. Choi and J. Y. Yoo,
“An Analysis of Turbulent Flow Around a
NACA4412 Airfoil by Using a Segregated
Finite Element Method”, International Journal
of KSME, Vol. 12, No. 6, pp. 1194-1199,
1998

(19) HFA, “RYFF2A2HE o] 8T
Navier-Stokes W73 2]2] s digt A7,
AUt 7AFE T =T,
1996



