UEo| A sts 20014 s EAEte0is =28 E pp. 506—511 KSME 015599
s - o _
ZEGFEN AT Aggd wAE FAxREY 9%

zeg’.ozzr".d58"

Effects of Boundary Conditions on Redevelopment of the Boundary Layer in
a Backward-Facing Step Flow

Dong-I1 Kim', Moon J. Lee” and Chung-Hwan Chun”

Key Words :

Backward-Facing Step Flow (3-3F%t %), Shear-Free Boundary Condition (73 ©73 7l

%), Dirichlet Boundary Condition (Dirichlet 73 7} Z31), Convective Boundary Condition
(57 Al Z7), Fully-Developed Condition (7274 A 2 1)

Abstract

This paper presents how redevelopment of the boundary layer in a backward-facing step flow is affected
by boundary conditions imposed on velocity at the inlet, top and exit of the flow. A two-dimensional, laminar,
incompressible flow over a backward-facing step with an open top boundary has been computed by using
numerical methods of second-order time and spatial accuracy and a fractional-step method that guarantees a
divergence-free velocity field at all time. The inlet velocity profile above the step is of Blasius type. Along the
top boundary, shear-free and Dirichlet conditions on the streamwise velocity were considered and at the exit
fully-developed and convective boundary conditions were examined. (The vertical velocity at all boundaries
were assumed to be zero explicitly or implicitly.) From the computed flow fields, the reattachment on the
bottom side of shear layer separated from the tip of the step and succeeding redevelopment of the boundary

layer were investigated.

1. A

o wherw
At
a4 Aol
REEELIE
, 9% Aeudd w4 5
JERITROD T8y 7] B
FAe FAg Fois ge o
o9 e el el
FYBHEL vgw 5 ARRE
F, 29 FEBINE WRBREY 3§
Fasl Gy 99 FRgdAE AnHws
ez WSl B,

o

ol ool
2 e
o
ot

2
ofje
o

r

Jo
k)

e

12 - B W
3 oop r”

9

o el o
1*3

T

TPFduiaa gote
*
A5, TR AAFe,
A7 e

F AT

Barton®& I8l FgGo)A ©x de] %
PGP glojAE EHUE BE] A8ty
top boundary(TB)®] ZAAZHE drATelA e &
T2 Agsign. Seel g FHTL 49
AAZZAY wek mj$ 24 OE F5IEHES EE
A g 949 3gddhge AAxHE 2494
o7 AR oEgo] Borz FXHHH

Wo] f&stt,

2 ¢F7oXE top boundary oA FAGEY
(shear-free boundary condition, SFC)& w/lp = 1 gl
Dirichlet 2 Zi(Dirichlet boundary condition, DBC)°|
ARZAZ X & Fol7t 28 A ARAAA Y &=
B2E 2 7MY SEEIE upp(p)el VIAE ¥

Fe AT EFoME ARERTe] A3
3 WFH7AA X7 (convective boundary condition,

CBC)E Fo| ALGAASS FEIIAD ¢
g 7 A&7 (fully-developed condition, FDC)& # &

A7 % Qe ARG

-506-



Series | B/h B)/h N N, Ax/Ay
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Fig. 2. Flow pattern of the base model: (a) velocity
vectors; (b) streamlines; (c) isobaric contours; and (d)
iso-vorticity contours. Solid line, positive value; dashed
line, negative value; Re = 100, TBC = SFC, RBC = CBC.
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Fig. 3. (a) Reattachment length Xz/A vs. inlet shear rate Sp;
and (b) shear rate du/dy along the bottom boundary: Re =
100, (B.,B,)'h = (40,10), TBC = SFC, RBC = CBC.
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Fig. 4. Effects of the height B,/h of the computational
domain on (a) du/dyis; (b) urp(y); and (c) Xx: solid line,
By/h = 2; dashed line, B,/h = 3; short-dashed line, B,/h =
5; dotted line, B,/i = 10; chain-dotted line, By/h=15.Re
=100, B./h =40, N, = 100, TBC = SFC, RBC = CBC.
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15 T —— T
10 -1
0.5 - —
=
dylg
~0.5 - =
10k 4
—15 1 L L
¢ 40
(a)
10 ;
s -
6 .
v
4 =
1S 4
o L | L
0 0.25 05 0.75 1 1.25
(b) e

Fig. 6. (a) Shear rate du/dy along the bottom boundary;
and (b) ugp(y) at the exit for the Blasius inlet profile (8/h =
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TBC = SFC, RBC =CBC.
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Fig. 8. Effects of RBC on the flow: (a) shear rate du/dy; (b)
exit velocity uzp(y); and (c) uly=. solid, B,/h = 2; dashed,
B,/h = 3; short-dashed, B,/h = 5; dotted, B,/h = 10. Re =
100, B./h = 40, N, = 100, TBC = SFC; RBC = CBC and
FDC.
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Fig. 9. Comparison of isobars between computations with
CBC and FDC: solid, RBC = CBC; dashed, RBC = FDC.
Re =100, (B,,B,)/h = (40,10), N, X N, = 100 X 200, TBC =
SFC.
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