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On the Laminar Separation of the Flow over a Backward Facing Step
(The Effect of the Step Ratio on the Recirculation Zone Length)

Suketugu NAKANISHI and Hideo OSAKA

Abstract

In most of the available work, the Reynolds number based on the step height (step Reynolds number
R.,) was used as a single parameter that defined the reattachment length (recirculation zone length) in
the'z laminar backward facing step flow. However, B. F. Armaly et al. (1983) suggested that the
reattachment length in the laminar backward facing step flow was not a function of a single variable but
was more likely to be a function of three or more variables such as the expansion ratio or step ratio, the
velocity profile at the step or inlet-section and the step Reynolds number. A basic data concerning this
suggestion has already been reported in our previous paper (1988). In this paper, the variation of the
reattachment length was examined as a function of the step Reynolds number and the step ratio. For the
flow over a backward facing step mounted in a two-dimensional channel, the Navier-Stokes equations
and the continuity equation were solved numerically by the finite difference method. The calcuation
was performed for the range of step Reynolds number 1< R., <250, and for the range of step ratio 0.1
hs=1.0. The calculation results clearly indicated that the reattachment length increased with increasing
the step Reynolds number and decreasing the step ratio. In addition, the reattachment length for a
constant step Reynolds number in channel with different step ratios was presented and was discussed in
order to search for the step ratio on the reattachment length.
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Table 1 Parameter defining geometry of the
computational model and calculated

condition
hy | Lin | L | Reh A H
2 25, 50 100, 150
1.0 40
3 200, 250
2 50, 100
0.7 40 0.05
3 200

1 8 11, 5,12.5
0.5 2 | 15|25, 40, 55, 70, 85
31| 100, 150, 200, 250

0.4 1 | 1150, 100, 200 0.04

0.251 1 |14]50,60,70,80,90,100,200 | 0.05

0.2 1 |10 |50, 100, 200 0.04

6 | 50, 75, 100, 125

0.1 1 0.02 !

| 10 | 150, 175, 200 ‘
he i step ratio h/H, L . length measured
from the step to the inlet of calculation
domain, L ; length measured from the step to
the end of calculation domain, R., . Reynolds
number based on the step height (step
Reynolds number) , H ; mesh constant
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ment length

PLDORARMHEL, $/2, BTHTXYELRMNGL
Yin X ORNIEEEE TS, T2 TIRHMLL T
FOIEEBEZLWLDET B, 9T HE, 65k L
%527T (5) REFEM|ID L,

X/h~ Ren (6)
rrRENG, OEE, RFy7RhOELTEbE
FilsaE RO (H+h/H=1+h) &, XTv7
TRICBTAENDEDENDFRERE L D I EHFZ
LMD, L7 -, 2 TRBRIBICBIITT AT v
THOBE A ERIBICHT 5 DROBEE L TR
HLTAD,

A B kY 2 EH A REROBEMHE LU
HO FEH HREDA — 5

0. [%%}o.[ﬁa;%] (7)
0. H— —ﬁj{—] ~0. [%ﬁi] (8)

THLEFRETE.22TO.( VIA—FE2EKT S,
Ko A (Fig. 3 (a)) IKEHT 5 &,

azu]~ u [Qu_2]~ u’
0. [ v o V’_-Ayz' 0. E N

Vol.41 No.2 (1991)

O OB kR OROR M

T, u:AyZ,—z—vAy%r‘:Té &,

o*u  __vU our) U y?
O'(”ayz) AN O'[ax] A x

(9)
gre, L=l 5z, (9)ROWEEMB L,

dx
1 apy __wU
o.(pr) N (10)
1 Apy _Urny?

(100, QDKL
0. (L))~ . Loy

p Ax sAy & Ax
:vU3 Ay
M8 Ax
L7z - T,
0.[LAL)~ () () ma)
Up Ax ¢? ANx

SIT, Ay/Ax=1IBATLEL 2P %S, &
PEN % pUT, 3% X TERTTLT D L,

(2w - )

o

X 22 R, (13)
hAaLREFEIC s LTHEERID L,

X 2L R o~ R RT) (10

DOEMES TR NS, b ERNHERICLVELR
720X R H 5, WRIBES X/ hITxLT,
X/h~ ARy +B ¥ Ren (15)

DOEERETHIL, UFTEELDFEEREBET
BIrERATASL, 22T, BI3RAT v 7 ICKE
F2EEL LMY, BEBRODEERICL L EENS
BUZAT v 7 h & R ROBFETHH BT LICHERL
AU e S e (7275 L, SIS A REER TR
LF—2 3o Tnwicwn),

3.3 FEEARE X/hCBLXEITAFv T hOBE

Fig. 4 iz Table 1 2R L7722 THOFRMITOVTDHEF
HiERY JERBES X/h & R R EDBMRTIRL:
LOTHD WP, X/ hid hiUEELTEY, Ren
BOATEBTELWI LW bE, 22T, X/hiZ
BIIZT hOWBLRANL2O, Rt —EICLTH
7RBED X/hE hEDOBFRERLIZLDD Fig. 5T
5, WP 5, WIND R BEDHAITHENWTY, 0<



®’OMERT v 7 ORETHMEICEIT 2B (215) 13

141
T2 1S |
L -
= = v
A" 8
10 o
£ - [
= 'y
& ¢ °
— 81
o )
(‘846 | 0% ° hs=01 -- @
% o h=0.2 ---©
c ° hs=0.25--- @
%4 | ?:‘. hs= 0.4 --- @
§ . k=05 --- @
£ 9 S° hs=0.7 --- ©
&L o hs=1.0 ---0O
LR
'. 1 1 1 1 1
0 50 100 150 200 250

Reynolds number (Rep)

Fig. 4 Recirculation zone length for the various
step ratio (k=0.1~1.0)

7> 0. 25DFIRTIE OB L b X/ h i3
HiE, —F%, FREI3HEIC, 0.25<h<1.0NHET
3 OB E & B2 X/ h 13T 2R 2 R R
%> T b, ZOMEIIELTKIIC BT S Durst 5 DkH2
L EMRIC—BL T3,

Fig. 4 1Z/R L7285 R % Hizs (3. 278) THR L7209 X/
h=A* R+ B VR, THERT 2L, % hizonT,

h=0.1 : A=0.0354, B=0.273,

h=0.2 : A=0.0362, B=0.348,

h=0.25: A=0.0372, B=0.328,

h=0.4 1 A=0.0363, B=0.309,
hs=0.5 1 A=0.0352, B=0.266,
hs=0.7 1 A=0.0347, B=0.217,
h=1.0 1 A=0.0327, B=0.155,

PHELNA, 2%, Fig. 61 A B LU B Off L ik
WRBSH/WD/H=1+h) LOBFETRLTEL.
XI5, AD A2 § BEAFEIIZIZETH VA, B
IZoWTHRE TR HHERIE 5 X9 I, bl
FLTENLT 2R THEREICALNS, $72, h=0.25
FEICLT,0.25<ht h<0.2508HTIZ B D hiZ
X3 BEADOMaHRL - T b, 4, 0.25< b DFEK
CEHTSE, ABLU B L b DOBEFERD

A=0.043—0.0058(1 + &),

B=0.637—0.241 (1 +h)

~~ =
T )
=124
> o x
£1 Rep, =
50 eh =200 o
G
— ®
?:,B.
o e .
N
6 . *
_S Rep, =100 ¢
E .
B4l AA
34 A A A
h= Ren=50 * A
(8]
2]
(04
1 1 1
0.1 0.5 10
hs

Fig. 5 Relation between the recirculation zone
length and step ratio as a parameter R.,

A B
- .
0.04F -40. 4

s @ :*\‘—‘.—W
. - A N
4 “\.é\.\
0.02}F B \. 0.2
0 A " 1 L | . L i i L 0
Lo 1.5 2.0

(H+h) /H=1+hs

Fig. 6 Influence of the expansion ratio of channel
on the parameter A and B

L7zt T,
A=0.0372—0.00587% (16)
B=0.396 —0.241h 17
THZ LIS,

FRU22E9 1, BRIBEEI X/ h=F(R.., A, B)
DERTEINEEHZT, R, AB LUV BOELL
d(Ren), dABLUdB Ik % X/ hnEALd(X/h) %
ABb Lk,

_a(X/h) 2(X/h)
d(X/h) = 3 (Rn) dR.., + oA dA
9(X/h)
+———aB dB (18)

EERES, 25HIZ, X/h=F(Re., A, B) i3, (15),

IR T i s e i



14 (216) P B

(16) BE A7) ROBEISH L L LT, Ren=—
DYARIZONTADBE,

d(X/h) =RendA+ Ren'2dB (19)
2T, dA=—0.0058dh,, dB=—10.241dhs
L72hv» T,

d(X/h)=~—0.0058 Repdhs—0.241Re 2 dhs

(20)

RSN A, o1y, WR»s, ATy THOK
ﬂ: dh |2 & ATEERIBE S DB d(X/ W) (3, Ren BV
SWHIAZIEEAY B VR DKL T I
bbb (Ruw=1D¥A, dX/WIZHT 5 ReyedA
DHEGHITE 2 %I E G, 72770, Rl
T Ren=200127% 5% X, HIS%HBT 2 L9 12% D),

VI ETil7e s 2130.25< h DFIHEICOWTHLANT
B, h<0.25DHIKIZDOWTIZT— 8 LD IO

ot 251, h<0.250F38 &£ 0.25 <D FR
Y & TSR 5 T B IS LTRETL THS
CYEREETHDEHZHNDH, eI
T 5 DI E e S O R e SRR ICBIY S
F— 9 HARE LT WA, RFTELI- 7,

4. 2 & 8

2T w7 e LA I ZXEOEMD 1 <R, <2508 &

W ZF o THOEMY h=0.1~1.02 2T DEHEA

AT T L2 o BRETER s £ 5 &,

(1) TREGMIES X/h & R oML, BES N
R B EH T 3 0 1230 TS, R BER K
M DHEAT L,

(2) THERME R X/hi3 R RO H—ETII % <, X
7o 7 I LIRET B,

(3) 1 <Ren<2500 Ry BEGBHOFSHA 5, IR RS
X/lz 3 X/h=A*Ry+B YR, TETILHTED,

DWEABIU BHRT v THOBMKTHY,
17v7mmﬁu%<mmﬁﬁ?uAJ3hfng
D VRIMEE LTETIEHDITE S,

1) 2T v 7L heh®0.25 < h DI & A <0. 25D fH%
ETIREEBICIB XET ATy T OB R
2o f i & kT,

AF X TOMHTHERAS, R 2 KICHEE N O # i,
Foydeit LN OIc R T v 72 E e E, |

MFME2 B E Z72fUEI 20T R EAT v 7t b

D2 ONING A —FDAHITHH LGRS W

rzhoTH), Lokl HRBES X/ it

Vol.41 No.2 (1991)

Kok OWOE M

ST RTF TR DR BEHIBENLPICTES
EHETERLDEEZ LS, 2L, HRIBICB &
IZFTRF v THOBED 0 <h<0.25NDFM £0.25<
h<1.0NFRE T B - nEL>Tna T
LI L TOREHIABOMRFEEL L THERH-TW5
Thbht, THERBICHMT AL, SHICH
HAAP O RIS Ren & BB BRALSHIHAITOOTHN
DUEHHDEEZLND, £, ARXTIIN¥R
BT — 9 BEIUFICE DT HERPRELTW
LEEbNSL, L7eH-T, hEBEtcEysT—
S ERMETHRODORERENT L L E DI, KIS,
ORISR 3% b BE LN WEC %2 RIS &AL
BRI AIZOWTOHEEZEITL, ZOFTRERIC
HoOWT, 279 7T TFHROMBEROEEF S 5 IR
THLTFETH B,

B E

1) D. E. Abbott and S. J. Kline ; Trans. ASME, D,
J. Basic Eng., 84, 317 (1962)

2) R. J. Goldstein, V. L. Eriksen, R. M. Olson and
E. R. G. Eckert ; Trans. ASME, D, J. Basic
Eng., 92, 732(1970)

3) M. K. Denham and M. A. Patrick ; Trans.Inst.
Chem. Eng., 52, 361 (1974) .

4) J. K. Eaton and J. P. Johnston ; AIAA J., 19-9,
1093 (1981)

5) K. Morgan, J. Periaux and F. Thomasset ,
Notes on Numerical Fluid Mechanics, Vol.9

“Analysis of Laminar Flow over a Backward
Facing Step” Friedr, Vieweg and Sohn, 1
(1984)

6) B. F. Armaly, F Durst, J. C. F. Pereira and B.
Schonung ; J. Fluid Mech., 127, 473 (1983)

7) - ORI IR LR RS, 3825
203(1988)

8) T« K JRB TEREMFALE, 22526%
129 (1988)

9) 5. Dhatt and G. Hurbert ; X#R(5) ? p.162

10) J. L. Kueny and G. Binder ; 3(#k (5) ? p.32

11) 1. J. Sobey ; J. Fluid Mech., 151, 395 (1985)

12) F. Durst and C. Tropea ; Proc. Turburent
Shear Flow, 3 Symp. Davis, (1981)

(R 2 1041308 £ 3)



