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Abstract

An experimental study on the flow over the axisymmetric backward-facing step was carried
out. The purpose of the present study is to investigate the effect of the boundary layer thickness
at the separation point on the reattachment length and to understand the structure of the
recirculating flows. Local mean and fluctuating velocity components were measured in the
separating and reattaching axisymmetric turbulent boundary layer over the wall of convex
cylinder placed in a water tunnel by using 2-color 4-beam fiber optics laser Doppler velocimetry.
The study demonstrated that the reattachment length increases with increasing boundary layer
thickness. It was also observed that the reverse flow velocity and turbulent kinetic energy
decrease with an increase in the momentum thickness at the separation point. The measured
velocity field suggests that the boundary layer thickness at the separation can affect definitely on
the formation of corner eddy.
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Table 1 Specification of the axisymmetric

backward-facing step

D, mm d, mm

H, mm D/d

101.6 50. 8

25.4 2.0

o] arl+ 2,800(L) x1,200(H) X1, 800(W)mm

olgh, 4L FEY ERF SRR B
H15% Aoz Aelde] 0,1m/s~2, 0m/se]
dolold A4 2Ao) Asdd, =3 HFL

z9 #, 2o A7 1449 T5E 2E o
A =le] glo] HEZ

N
ok
9‘_0‘
= olo
I M
)
S
S
l
o
S
S
3
3

watt Ar-Ion #] o}z 2 4]

0% olWle FUEE A3 glen,
EE 2.5% AE=E ey
£ xZAH A& LDV = 2color 4beame] 4
T3 Abzhabal o,

o] A4 fiber optics Z2 8 & 7}z 9},
2tA 7]Ee] LDVets 28 ZAAY olFEAs}

wzd "R ool eos,

ud
2

HE

u}

2AAdL 416

mm L2 A 27 @Eel AYFe

s gol mlAk 4% 1105

719 WAl ek, £ LDV Alade] &

olm, A&E AT HEAH (IFA 550) = auto-
correlation ¥lAle 2 Zaleo] FL-LEjulale] w3
FH3l 53] 2 (high resolu-
tion processing) 7} 7}5& AAo] Aok, a1
AlZHE 852 2nselw, F3b4 wW9lE 1 kHz~15
MHzo|c}, =g AZEA47]ol= PColel Ao
753k multichannel interface card (MI 550) 3}
29 oldzaoREE AMAxdz:, =3 PCo:
DMA interface card(Model 6260)& A 8to] Al
59 ®5 9 p4sge] =T PCE g£-2al
(online)o] =2 A A28e THa,
¥ A dolH A5 $4HF 2 Aol
Z $HAEE o7 Y3led coincidence modez
Aelstglod, ababsl At HE YAbxEol 1, 62um
ol Titanium dioxide(TiO,) & A}&3)gdck =8
L EE AFE o 2000~40000 HE2 shgle
v, SAA A4 %5524 (velocity bias
correction) & ] sled E 3} ] 7k ¥ Al (transit time
weighting) =¥ AL&3slch =3, ©o)El=
TAE wolle 2FH(0)F T3] 30014 ]
olel& W FAMYE P, AT 2
selo] whe] Fo] (H)of chsle) 2waka 4wt
oz 27 0<X/H<30, 0<Y/H<2.5 7

DC
Power
Supply
IBM Water
Green—Blue (X.Y) PC/AT Tunnel
Optic Line Con’trol
Traverse
System :
4W Ar-Ion 2-col. FLV § [ ————___|::
Laser probe | | "

DMA

PC/AT

Frequency ]
Shifter IFA 550 [ /
IBM

Frequency -
Shifter IFA 550

Printer

Ocilloscope

Fig. 2 Schematic diagram of 2-D LDV measurement system



=4
=

£ 47k gleh Fig 4(a), (b)

v 2717 A% FA(So/H) ol gt 52 o]

ol el FRALRS A

L

L

1106
AA 2344 A
sjglom, Fig2
vrepi L gk,

16000 20000

72000

8000
Re,

4000

(b) As a function of Reynolds number (Rey)
Fig. 4 Nondimensional reattachment length

3.5 0

Y'/8,

(b)
0

R S I N
&J&ﬂﬂ.:To_ R -
Siepys _mt®Ew I g
oo T F e 5 £ 3
KB g o ) =3 2 ° <
I R . b3 £ §
—_— dﬂ T ﬂo _oo ) ﬂr 3 .\q al Jo =) .n
lml M ‘ol = o = _M ° P .m.m Sp 8 ° g
G I B £% s 3
|
W ok o iﬁu@ﬂ 83 <% o N
I e S BT * TR - 8
- " K o fr, W AN = o [}
o] N = o x o — s 5 Q
zT_ lwuu HT by u :._L LS el = Q o
—_— ia 3 o _zT- :-m o
N oo ¢ = X 9, = S
a_awww W?M%onwvﬂ o} 1= .m
o W T B .b._a o w7 o ia < =
T | ﬂru_ R % | a&v o £ o
= T MR R B
Co Lt AR S a
‘f_l X o e 2o K o_a ]u-‘_ s 1 1 L] @
" ..NE \—M u o K &~y f- L S < N 1 L
I ol o7 W EFw _..__/I o N = & « N ” v 5 "} [
~ By o - 7 ¥ ~ o3 < W 3 3
M#M%ﬁﬂﬁﬂﬁa H/'X < B N
T T Ll T CL
FSCTET: :
OF o PH A oR o <
X & MVM R njw o -
Qﬂ%ﬁ.frﬂﬁ & o
._AE o lna = njn iy b .... 1
_In_ fA s = o 3
N o ol A v ©
- N o B A S
O L
D_K Im_u o X o \qu L_L 6y ]
. ““m-ﬂ A Be = ey Y T
= z B i N 3
0 np K T T ) L <
LU S R = .
ol o : T 9 B FT L0 ﬁ.nek,e
<t _MQ X _0_ ny w “Mu uK ,.n,.f.'/.
T TV N S RN
™ R4 T w Ky X
L ~Sus T
= *° Uo > R 5 L L ) L
AR S * s 3 3 3
_ Xy R e & e A ~ s ea/n
3 B T o ® .
T A E e f

Fig. 3 Mean velocity profiles with free stream veloc-
ity U, at X/H



ABEe 252 delstel IRAHD AL
(o] =] <) =
Aot BRE telstel dRAHE AP o
Aol =& Aoz vehych deby B Addeld:
107 T T T T T
Turbulent
separation &
0 turbulent
10 +~ ) reattachment
x I
\e‘ Laminar |
w 4o 'l separation & {
reattachment |
1
-2
10 Laminar
separation &'
turbulent
-3 reatliachment
10 ! I L 1 1 1
[ 2 3
10° q0'  10° 10° 10" 10° 10

Rey
Fig. 5 The location of transition regions for 2-
dimensional backward-facing step in the
parameter space of Rey and &,/H

3
2.5
<
N
>~ 2
1.5
1
0.5
o}
{(a) U/U,
2.5
2 e
o 70
§ o Tt
> a T2
1.5+
‘l -
0S5
b
0 DA 0™ g gpan
0 0.04 0.08 0.12 0.16
u'/Us
(b) u'/U,
Fig. 6 Mean velocity and turbulent intensity profiles
at X/H=0

AU
!
w
N
_
(22
h
Ho
—
&
2
=
:o(:':
X
S
&L
=
(=
&
=

2 |
Bradshawe} Wong''?e] Fa3d qlzatz A4
H/8>19 t=4ql 4%°] Ay 74Tl i
of, @E 74 ASo dRAEEIE Yy 23

|
Agstae Ao 3% Axz AdAsA Eltow
|

) £xyre ToolA T2
ol ek, & AASTAL AL4E H4T2
; e b AR HRAAS

O I N TR T O M VI
_(')L I
32
A
4
.
:i
BN
ol

Fig.8¢ AR5 552 (Vo) 0.52 m/s& A
stz ZEuakel 7t A AoA FE HFELEEE A
F3EEEs} thel ¥olz FAYUSHY FFold,

30 X/H=0.0 T2 (u4,=0.030)

T1 (u,=0.032)
20t

+ T0 (u,=0.035)

3

10 Plate .
(1/0.41)ny*+5.0
Py N R e
! 10 . 10t 10°
y

Fig. 7 Mean velocity profiles (u*versus y*)at X/H=0



1108
2 grgoely AR A4don fA5E Ao dedd =
2707A%8 @ 4520 glojAle AAE 7 Aol waa A
el X/H=457 4ol A 4w,

2 A% 2AAAE FAA 24
A48 Ssgel A destes,
FAS e A¥E $2E A o X/H=9 A °|¥ M|z

Table 2 Summary of previous studies and present study compared in the initial boundary layer

Bradshaw Pronchick Present study
& Wong (1983)
(1972) TO Tl T2

Uo(m/s) 25 0.18 0, 52(all)

H(mm) 25 76.2 25, 4 (all)

Rey 41400 14000 10100 (all)

80 (mm) 3.25 51,5 2,05 6,01 8.12
# (mm) 0. 66 0.27 0, 65 0.79
Re, 1100 140 340 406
Xr/H 6 6.5 4,25 4,65 5.15
u.(m/s) 0. 035 0,032 0. 030
Upst: 1

pstream bound Laminar Turbulent Laminar & transition
ary layer state
Geometry Backward-facing step Axisymmetric
Backward-facing step

2.5
X/H=0.77 4 2.76 4 3.93 4 4.8 4 6.44 4
2 oTO ©L ol LR al
Y oT! © [ e a
/H aTZ © [ a a
1.5 Dr -3 a r a r
@ @ ] -]

(-1:]
%
8
[
2
%%
By
i -

0.5+ o L x%° - T =
@ ) a0 Mo X0
% g £ £ £5
0 1 t 1 i L &a L 1 ﬁ’ L IA&._J____
-0.4 0 0.8
u/u,
2.5
9 © 15 © 21 © 30 ©
o | o | o | [
[} B o o
Y/H o a o o
1.5 8 o a L]
5 o s s

Fig. 8 Streamwise mean velocity profiles



wl 1

corner zone

o

corner zone
7 B

NICEEY

‘ ;

N

corner zone

(a) Velocity vector (—, Dividing streamline)

S}Frts ol mlAle G 1109

70

T0

(b) Mean streamlines

Fig. 9 Distribution of mean velocity in recirculating zone

277AAE FA7 7b3 e Toy 7% olv] A
THFAE oo} vulA A ofd H5E
o] EAlst = A& & F7F Uk =g AFA
AAE Ay Aegadde & X/H=15% #A
FEE A9 deE WA g2 AFHal i AA
Zo ¥el2 Hs7hE Holx gich
Fig.9(a), M+ 0<X/H<7, 0<Y/H<25
FHelA T3 FEEEe Hes) FALEE
Al

el ok wA A AL dFd EEF
(dividing streamline, 2] AlJHE)S Aty
W A4S TEEHY} FA TVC 2347 2%
o BFAe] TS F 23 st Aol
Wlsted AR ZA debxtew, 27173AF9 F

7} 248 5E 2 FELS HA oA AYE 2
oz ek whebd AEAAolE 77 4,25H, 4
65H, 5.15HZ Az} Zrlslgdvdl, ol AE2A
o] 7} oF 21%AE F7H3 o2 whe| Fol A=
of afiwtEl Aojolvh, &, A FEE oA
B3 27| A3AEe A7 Sohddol wel A
A FAY Al Azl gelAHA AHEFed I
o HEYuE 2o AA Holube AT

J

Hole oz vehgoh = d/HH wizt 7R
42 w2]9}(corner eddy) o] AATHL H2
Az FojEx god, AMHez ALTFIAW
HFE e FEF 2A JFE AE AL
2 yelyte},

olo]l tiEt alg AHB Hstod 5 b
v]E F3le] Fig. 109 el dch i7l7§741%—91
A7) ARGE ASe g4 s A S
oz drd AAgy &g &+ Uk F EFE
Foll o AwtEe] F4lol %Ml HoA delge
24 AEAels 53wen i FEH AL
2 dedel, o)le Hrb ¥Asda® So/H ¥l7t
Z71abol] weba] AEeddGUe A (+)BEE BF

Bg woh AAA AeBgdez 4



1110 HAs. 0AY .

3. 70
x -—=- T
b ————— 72

@

~ 80% U,

°

L2]

S

<

0

Fig. 10 Locus of points of 109 and 809% free stream
velocity

8k
~-
=
N
&
o] 7L 2-D Backward Facing Step
|
6 't ;
‘l.u—'_ TRANSITIONAL | TURBULANT
5=
Present study
4 L I !

! A
[ 0.5 1.0 1.5 2.0 25 3.0
Re, (% 10°)
Fig. 11 Nondimensional reattachment length as a
function of Reynolds number (Re,)

Y/H

Y/H

30

N

0.5 |

1.0

0.5 -

| [ t | 1
0.2 0.4 0.6 0.8 1.

[}
] 1.2
X/Xr

[/

Fig. 12 Mean velocity contour profiles(Left: U/U,, Right:V/U,)

Qlzlg & 47} Ut zelz Kim 5929 AdA
FellA s veiytze] HNA shdkwte] A$-(HY
3.2~4.39 Ax) TVC &A3= 9ldled =)Fzt7 o]
£ 234 shakeke] A (HY 6.2~8.24) AHx)et
vlasted A g/A ey, £ A7) A
£ AFRdele AL AAE volx gleh whebA

=2

TEFFA(OE 71F2z & HNolE24(Res
g AF2AAol = Fig. 11ol4 Had 2204
o 7ol wlsl 34 @A delgov a2
Az Frste, & 249 gy 9o
Al vhebstiet,

Fig.12& 3#45e 35993 +auges

ol
=i

O
o,
koo (R

$ o
)

>

.2
O

o



77k Ve gleh
(reverse-flow velocity) +
AfEEEE o 30~35%
) 8ol
Eadad
Ates dehid, 2dx
=0 1~0.3 #2)olld =
uk2] 5fod
o4 mAeshel m%%-%"ﬂg
5%r|ate 2.4
e

22 Az 2 9

s

73

3% (2F 20~25%) <l

s

o(:’l o_:i

tle] 4]
ml,
glojodo A 9] 3 R
50/HH17} i?ﬂ UrE}
51“4, o= Fig 9(a), (b)ollAel s}
. §H, 589 424t
2Aglsh oo, AEs
Bojolo) AEEo T HE
bbbt gleh el A
X/X-=0,7~0.9 F+ZoNA
vepil gl 0o/ HE
Well A z27]1eke] A= A A
et olA¥ Z7|AAS
x}].,_z}Jerm]/q ’“"“L‘%“i«l

oﬂli‘ﬁ_h?.p::.

o
]

AU

oft
R

©

o5

Nl
Ko
NP e

o

4o

o
~{¥
)
o=

fu
e fo

o
ot WA A

A ghed elA o

2 #9Y5A 2Poz

:XL wo o
o b

o

2

r“

L ng
B2 oA

=)

ot

lo o2 2 £ ol

f

Y,
N
N
tlo
o X

2
-

Fig 132 A
o ARG A 2 HAsA EFHAIA e}
lolch, 8o/HE vle] Frtel whet Al o+
AR DolE Y del2 T -2
ARrZEoz ok (.35v A 0,45ui7tA AR

2 =2l
dfEee 254 Z4E e

e e

FolA vhepde A)
A5k 2 wAA

3L

|°l'

g2
hal T

8 Foll WA 9% 1111
0.6
00000 : 70
ooooo: T
DANNA ¢
0.4 © o 2
o w]
s o) A0
S t e
= DAA “
i o A
a
0zt oub
A
o
@
] A
0.0 I’ 1 i 1 1 Il e 1 n
0.0 0.2 0.4 0.6 0.8 1.0
- (X=X,)/%,

Fig. 13 Distribution of maximum reverse-flow veloc-
ity in the recirculation region

[

—

3
Or

18

SdFEelviA &=
wEg FefolAut
ol weh o
12 oy, =

1+g
pis

2 bt
olvizle] & F7ke| Azl WA
< A 2 o vz
Wale ez eyt
FeEoluAE 7Rl A FeldF
29 gko 2 o] A7 (Yinax)
A5z =] o FolEohrt A2 A
2t & o] Frt Ayl slafte] £
ol 9leb, zv So/HE Aelz Qldle]
gedod oA Yame 7 XA we} A=t
ol Jeplla glem, 7t wge R 3FEEol
yzlel 27le 8./HS w7}
el £2E ¥olm 9t HAoE velylch =3
xﬂlﬂrﬂxm BZolA Yome ZTEWE AHRucd
oo AEo] FH HAZE e
-2 2} of A

=]
M
34

oft b odu 2 2 9 o fo N

¢

u

23+

A O i G U

o £ fu o o

ol

]
R
\d.

so o rlr R

2
T

LN
L=

P (o]
45 uad 2

ou’.

o=

% ¥ A
e .1!.

=
=

N
O
L
o
Jvey

o
B

e

T

K
3

= o
)

2 4



6.44

30

FER-R

4.5

21

adgBb®

3.98

44864

1112

6.44

8988y
ampenl mwﬁ%% L

30

9098089

¢}

%

~
N

000099

3.33

mmoo

(@ u?/Uo’

15

088988

(b) v?*/Uo®

2.76

Fig. 14 Turbulent kinetic energy profiles

.07

0.035

80acony

(]

SolAwAl &

Yojgoz

1

v

’ ZH

(3
—
Tor

%}t+ (13)
LT,

|

Q

bl

°

Fel 2 Ebytel, 29

L

T~

2 Eolztel Hel Yawe WuiZoz oF
L EEEES!

H =9} (large scale eddy)



el 2

tHEo] Fof
wf =24
ol A ZAAZE

o] =z
'o‘.a_.

b 3] 8314 (relaxation) 2
Zholl A Euwl X/H=225 3
APeiAa Wy JdHS
AH oz 3EHHA BEHI
So/H®} ®l7t F4% ¥ & Fe H
3 Esleirle], dAHez X/H=15
o4l 27174A % Aol AetAE BE5E B
ek

Fig.15(a), (b)
$5oluix Anzke
ASel A%l 45
SERIECEERE L]
sparaiel AAsh ol T4
o 234 g A
2 9 1,0 HAEA
o) ol,]. _\sl_ Al 34,]

1=
=
2o

b

-2}41 815l o
Zale 24
aElefA B
Bzt Aol A AHfZe
¥ 2 (peak) A & eI
39 ook 0.5 HAE o AF

-}

Eaton & Johnston
— — - Etheridge & Kemp

Max. Value of Turbulent Intensity w’ x7100/U

—————— Hsw (2-D)
o T0
61 0©°
2 5 0% o T/
| gA ADAAQ%SR)A a T2

A
T

[

1 L 1 Il 1 L i

K

1
-4

5 -3 -2 -t 0 1 2 3 4
(X"X'r)/H
(b) v?*/Uo*
‘e
Y
2
x -
% o TO
2 6 o Tf
g & T2
i oo
by
« 4 ° o ° oooo
o
§ I o o %AdgADE f OD
& o na & °
& 21 Al OBa . 4 0o
- a 4
o f o o
@
3 ao®
E o ol i I 1 1 1 i 1
o ~5 -4 -3 -2 -1 0 1 2 3 4
§ (X-X,)/H
(a) F/Uo2

Fig. 15 Streamwise variation of maximum turbulent

kinetic energy

gl wlAE 4 1113
Zoz 9AN oz vehgor, Hdzke 2]
= 94 © 20 dehger ole AYEAY 4F
o4 HFFEAlUAst Adz s AL AukE
WIe e AT £50) A¥AY A

60
10}
MX/H:S-#
'3 T Fiat Plate ° &4
o Qa o
g—(I/O 41)lny*+5.0 o 7320
20t gl 19
g 30
0
0 RIS
1 10 . 10 10
Y
(a) TO
60
=5.4
Qodf‘w\’/ll 5.
o
8
o
401 e
o fﬁgs.::
+* ° 7.0
3 1 Fiat Pt s 0.0
w'=(1/0. 4l)ll\y +50 ° Yl
20t 15
30
01 1lo ;‘ 107 T0°
Y
(b) T1
& X/H=5.4
60 o
0
S
.
40F ° 6.4
© # 7.0
+ L f Vi
S |Flat Plate g

{(c) T2

Fig. 16 Mean velocity profiles (u*
redeveloping region

versus y*) in the



1114

9] of o:loﬂ,q 717 3
22 U3 3
TVC az7 4z 4548%
e fUM {{%94 FEF 2ol 4
L‘lzl_QJr
2 #A =, 00
ez 5}'&0
oz wAA Aoz Ixkdcl
15@)8 (X—X,)/H<—=3 oA §,/H a;;-}
Z45 wejdwd FTolAe Ao FFEFely
7‘]-4 rE ELO] ARNE Aoz vy, ok
GFEZAME el % o] (Fig,
THo et 2A et
x.]];doi *]‘;H "}"rr

iic)
=4
i
hu)
e
2.

Hu b ku

T
AR

Uil

L

a9

4

rﬁ

e ©

A

r _{n
o 2 4 2 r-{o

of

o%
o
Ho b 4 orfr oft gt

ol & :%*1 Fig. 129}
£ & dAstz Yok

Fig. 16(a), (), (o)
Haros) AeLAASY 3 2 W)
B.zw < (inner variable) & A& °F°4 vhel ol o},
AAH oz Hoo] slpe B Srizs
TFoljoll Aratgle] =i whE L HA A Zo
3l ¥ xlo) Wal g4 E (law of the wall) 3} =
Aste Aoz velgd, AAZ HWRF (mﬂel’
layer)oll = Adubdql Hdyzlea FA3 3%
d}=ul 9|42 (outer layer) ol A= dte] A BhZ ol 4]
PAE dFregse EA st A3 21 A
glol]l A4 3B gleny, o AL 27734
%9 §A 45 o 2A el gtk

2 T

4. &

dteld et Eol HlA HgdE Sl vlAE o
g 2Ae7) Ao 217A% SAE WA
2z LDVE x}-4314 3]

e

1l A gz o] (Xo/H)
9+(corner eddy)
elytet,

(3) 8o/ H7}

—_—

og o_:l1 =

Py
55

dF 5ol 7} B passd, B3 3
el LFETAA
Auspez wep 2 o

(4) AAZ 94—*%%“*1
ditzotse] 24z ek 4
A4 Hegdez 3895 9l
AAAES $7) 245 o 2A dehda g

Hnes

(1) Kim, J., Kline. S.J. and Johnston, J.P., 1980,
“Investigation of a Reattaching Turbulent Shear
Layer : Flow Over a Backward-Facing Step,”
Transactions of the ASME, Vol.102, pp.302~ 308.

(2) Eaton, J.K. and Johnston, J.P., 1981, “A
Review od Research on the Subsonic Turbulent
Flow Reattachment,” AIAA, Vol. 19, No. 9, pp.
1093 ~1100.

(3) Eaton, J.K. and Johnston, J.P., 1980. “Tur-
bulent Flow Reattachment:An Experimatal
Study of the Flow and Structure Behind a
Backward-Facing Step,” Rpt. MD-39, Thermos-
ciences Div., Dept. of Mech. Eng., Stanford Univ.

(4) Pronchick, SW., 1983, “An Exprimental Inves-
tigation of the Structure of a Turbulent Reatta-
ching Flow behind a Backward-Facing Step,”
Ph. D.Thesis, Stanford Univ.

(5) Richard M. Lueptow, Patrick Leehey and
Thomas Stellinger, 1985, “The Thick, Turbulent
Boundary Layer on a Cylinder: Mean and
Fluctuating Velocities,” Phys. Fluids, Vol. 28,
No. 12, pp. 3495~3505.

(6) Luxton, R.E., Bull, M.K. and Rajagopalan,S.,
1984. “The Thick Turbulentn Boundary Layer

on a Long Fine Cylinder in Axial Flow,” Aero-



ala]z =4

25

nautical J., No. 12009/6, pp. 186~189.

(7) Denli, N. and Landweber, L., 1979, “Thick
Axisymmetric Turbulent Boundary Layer on a
Circular Cylinder,” J.Hydronautics, Vol. 13, No.3,
pp. 92~104.

(8) Kim, K.C, Lee, Y. and Ma, E., 1990, “Effect of
Transverse Convex Curvature on Turbulent
Flow and Heat Transfer,” Proc. 1st Int. Symp.
Exp. and Comp. Aerothemodynamics of Internal
Flows, Beijing, pp. 202~207.

(9) Lee, Y. and Kim, K.C,1993, “Analysis on
Effect of Transverse Convex Curvature on Tur-
bulent Fluid Flow and Heat Transfer,” Wérme-
und Stoff Bertragung, Vol. 28, pp. 89~95.

(10) Kim, K.C., NiakiM. and Lee, Y. 1993,
“Convective Heat Transfer From a Heated Con-

detZol SojA gtz ol vlxle 9

1115

vex Cylinder with an Axisymmetric Backward-
Facing Step,” The 6th International Symposium
on Transport Phenomena in Thermal Engineer
ing, Seoul, Korea, Vol.2, pp. 119~124.

(11) ZAAA, FAHs, 4FH, 1994, "=
S Foll gt AEH A, " AR =
A, #4184, A93Z, pp. 2463~ 2476,

(12) Bradshaw, P. and Wong, F.Y.F., 1972, “The
Reattachment and Relaxation of a Turbulent
Shear Layer,” J.Fiuid Mech., Vol. 52, Part 1., pp.
113~135.

13) =s3E, 1990,
gation of the Effects of Streamwise Pressure

A o

“An Experimental Investi-

Gradients on a Turbulent Reattaching Flow
Downstream of Rearward-Facing Step,” Ph.D.
Thesis. KAIST.



