yg—ByEihe] ArE el 2K0T Rl
3] ] B

The Characteristics of Two — Dimensinal Turbulent
Wake Flow Past a Rectangular Cylinder in Uniform Shear Flow

Chung -~ Do Nam
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Fig. 1. Schematic diagram of the wake flow past a rec-
tangular cylinder in the uniform shear flow.
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Fig. 2. Mean velocity distributions in the range of

measurements.
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Fig. 3. Schematic diagram of the data acquisition sys-
tem.
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Fig. 4 (a). Distributions of mean velocity U/U. of d/h Fig. 4 (b). Distributions of mean velocity U/U. of d/h=
=2.0. 2.79. Symbols are the same as in Fig.4 (a).
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Fig. 6 (b). Distributions of mean velocity V/U, of d/h=
2.79. Symbols are the same as in Fig. 4 (a).
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Fig. 6 (d). Distributions of mean velocity of V/U, of d/h
=4.0. Symbols are the same as in Fig 4 (a).
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Fig. 6 (a). Distributions of mean velocity V/U. of d/h=
2.0 Symbols are the same as in Fig. 4 (a).
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Fig. 6 (c). Distribuions of mean velocity V/U, of d/h=
3.0 Symbols are the same as in Fig. 4 (a).
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Fig. 7 (a). Distribuions of turbulent kinetic energy o’
of d/h=2.0. Symbols are the same as in
Fig. 4 (a).
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Fig. 7 (e). Distribuions of turbulent kinetic energy ¢’
of d/h=3.0. Symbols are the same as in
Fig. 4 (a).
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Fig. 7 (b). Distribuions of turbulent kinetic energy q*
of d/h=2.79. Symbols are the same as in

Fig. 4 (a).
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Fig. 7 (d). Distribuions of turbulent kinetic energy ¢
of d/h=4.0. Symbols are the same as in
Fig. 4 (a).
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7.2% ¢k 3.71%2 A=At @Wibsti vk, = RHEAOR EQ Bilsol A o] gl A gt d/h=2.0< 43¢

T

oli= 3.7%A ) st BRI @il ot 2.8%, 2.6%. 1.4% fEEZ Wty An #hme] ZHol: 3

A} @A 3 o
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0.12

0.00g; —35 =10 To ) R ¥

Fig. 8 (a). Distribuions of turbulent kinetic energy U
*/UZ of d/h=2.0. Symbols are the same as
in Fig. 4 (a).

0.12

Fig. 8 (c). Distribuions of turbulent kinetic energy U
%/UZ of d/h=3.0. Symbols are the same as
in Fig. 4 (a).

004 |

0.004

Fig. 8 (b). Distribuions of turbulent kinetic energy U
*/US of d/h=2.79. Symbols are the same
as in Fig. 4 (a).

0.10

0.08

0.08

u'/uct

0.04 +

0.02

0.00sy———3g—=77 TS 35 3

Fig. 8 (d). Distribuions of turbulent kinetic energy U
2/U2 of d/h=4.0. Symbols are the same
as in Fig. 4 (a).

olel et BHLE ML Akl A KIMES 7} kol M o) BEE Wol kol M52 ikl U A o (g
ol v E#sH EATH L vk FRS Tl 1eln i) HRHE ALIRE S kol A

Ho{ ol whet gap EE v e TR 2 7] g5

o) AT HHE S 7-¢-ohe MR Y fRoloh

=& AR SHEANAM & 5 Atk o] Kiya %

Fig.9(a), (b). (c). ()& &% d/h=2.0. 2.79, 3.0, 4.09) x @liHM] [irEd @& BEAHAS v <)

2FHES ekt

d/h=2.09] B v 5] RARLAEBNIRE x/h=>5 ol A& #%ifduis EQ y/h=0 oA 13.4%9]
A x wHmEe 2 dojol mekA 1 RE KK 56%. 3.0%. 1.9% FHEZ #K wostn gl 94 1%
S R NSk R WE A M) ALILESCl U A= Sl 7S & 5 ATk olH ¥ BRS
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0.16

0.1C
012 012}
llo °
= “ -
S 3 \
>
0.08 oos
oos | 00t | jﬁk
/1 A
iy
vou £ ,5’;:“-”~-r~ \
0.00 =30 =0 1o 37:—;?:5 ‘*::;’;' . e
- ) Tom ' - 0005317 o T 50 50
Fig. 9 (a). Distribuions of turbulent kinetic energy v Fig. 9 (b). Distribuions of turbulent kinetic energy v
2/UZ2 of d/h=2.0. Symbols are the same 2/UZ of d/h=2.79. Symbols are the same
as in Fig. 4 (a). as in Fig. 4 (a).
0.10 0.08
0.08 |
o.06 |

Vet

0.04

0.02 |

0 00053 ———=i'v T 36 L
y/h
Fig. 9 (e). Distribuions of turbulent kinetic energy v Fig. 9 (d). Distribuions of turbulent kinetic energy v
?/U¢ of d/h=38.0. Symbols are the same 2/U2 of d/h=4.0. Symbols are the same
as in Fig. 4 (a). as in Fig. 4 (a).

x#i e} & LENA S RARAESNARE 2te 9] (LE7 H3 THEC R BEhdivhs EHY —
e E 71e7le Ak J7hE AERBRY TS TS olFolX 1 glon THfileR HolAEE v e
7he IR, T3 TR ERRAIA o st
o] AL EELELS WEOE AREKAANE LEflIN Y TH S e B FTHMET &S A U
W& BT wEbA RS EEMA R TEMlo) 231 TR E 245 yolXm it
d/h=2.79, 3.0. 4.09] %% d/h=2.09] B¢ vl=d EHEE et Qo u 9 399 vhdriR)
2 ERIIE Bl wet s ARUGES A gk 11%, 7.9%. 6.2% REE #ik Solx| 1 o},
olH® EHL 7Y 2 BT #iET Wl Bt ik det 2w Kkl 2 frEelA 7t
2 EEolWAE Zegle] obix O BAd RV 48] BiEd (LE Js o sbg 2 X E »e
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0.04

“0S == ——7¥ L
. 35

Fig. 10 (a). Distribuions of turbulent kinetic energy -
uv/US of d/h=2.0. Symbols are the
same as in Fig. 4 (a).

0.03

001 }

~w/uet

=0.01 ¢

-0.03}

0.y ——3v——1v 5 K x.;

Fig. 10 (c). Distribuions of turbulent kinetic energy -
uv/U. of d/h=3.0. Symbols are the same
as in Fig. 4 (a).

o

rir

ER/E Fwate Aot

0.05

003}

=0

X S ¥ M ) A 7 30
y/h

Fig. 10 (b). Distribuions of turbulent kinetic energy -
uv/UZ of d/h=2.79. Symbols are the
same as in Fig. 4 (a).

0.02 }

~w/uet

0.00 }

-0.01

-0.02}

Oyt —%
= y/n ) °

Fig. 10 (d). Distribuions of turbulent kinetic energy -
uv/U’ of d/h=4.0. Symbols are the
same as in Fig. 4 (a).

-uv € dol==MErE 1012t ot GLiLES)I A9 ERel BItREE Bolth Fig.10 (a). (b). (o).
(d)= &RI7F £& d/h=2.0, 2.79, 3.0, 4.08 W 2] WFESH 5755 Uebdch. Fig. 10(a)ME RRTF
Hell % EEMEAERRC 2 dlo) = ZBIMIHE 5 S VERATE BTHTHE /9] IS it A okt b
HRUQ) sREel A 0 o) Hm E#B y/h) 0 X & &, T#EY y/h C0dXM & o] B3, k.02 y/h=
0 HEEAN 1 ge A7k fnt o] i Kkl EES Aol iR e i N2 K7} 57 o

golct.

AT x WS A gl A ool whe 1 gre HA et S-S & 5 Ak 2 &
B7b 2 ERMll M e x/h=10 LIk N & BYlrRE 712 Wi sl o] Aol Udehdxl ¢ Qi et skt
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ZHe TEMCl A = SRR Sy o) i) x dh ATE ) ol A 3] o] R A x/h=20 rBAME ¥z U
Ehubn Qlth B ORKHIETRE S FEMOIA Bk TFERMAS), eln MmEggAl A ke frE S
th olshEe BETRE S e) kTR MadtiEe) RS EAEmS] RS WA o Mt <3 &
ojt},

H—iiel -9 %K HORE HRE S VNS Al BT #igoln. 2A (ERAET A2 R
7t 9P FEAE o folt. E o]8 @ RS Kiya- Matsumura®, Okude - Matsui®®e] E
M #%ife] HFRAM T 22 RS Wz 9o

3-3. Bt WE 5

BrliEhol A JLILES) N U ] = RLBMEIRS] SHAHBIR R o) 3t FLitES X7} 2 Huko 2 e Z

0.0t 0.0
000}

s 0.00 | €3

-0.01} ">

-0.01}
-0.02}
0.0 p——3p— 1o T 35 5. —0.02gy— =3 =17 TO b %
y/h y/h

Fig. 11 (a). Distribuions of third-order products -u’/
UZ of d/h=2.0. Symbols are the same
as in Fig. 4 (a).

Fig. 11 (b). Distribuions of third-order products -u®/
US of d/h=2.79. Symbols are the same
as in Fig. 4 (a).

0.0t

0.01

0.00 0.00 |

2 ™)

-0.01 -0.01

00255 ——fv———=1% T I 00253 1T O 5 L3

y/h y/h
Fig. 11 (¢). Distribuions of third-order products -u®/ Fig. 11 (d). Distribuions of third-order products -u%/

U of d/h=3.0. Symbols are the same as U of d/h=4.0. Symbols are the same
in Fig. 4 (a). as in Fig. 4 (a).
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0.03 0.02
0.01
0.01 | "
3
0.00 |- prw
>
-0.01
-0.01}
-0.0; — — 4 4 —~0.0; " L \ A
5.0 3.0 1.0 1.0 3.0 3. ee T 30 =10 T 35 %,
y/h y/h

Fig. 12 (a). Distribuions of third-order products v/U.’
of d/h=2.0. Symbols are the same as in

Fig. 12 (b). Distribuions of third-order products v*/U.’
of d/h=2.79. Symbols are the same as in

Fig. 4 (a). Fig. 4 (a).
0.005
0.006 0.003 |
> V ’-é 0.001 }
0.000 | S

-0.001 [ Cadaet A

~0.003
-0.006 |

~0.005 |

=0.02sy——fr——17 T 3% LY -0.0055——3g——1v o 36 Y

Fig. 12 (e¢). Distribuions of third-order products v*/U.} Fig. 12 (d). Distribuions of third-order products v*/U.*
of d/h=3.0. Symbols are the same as in
Fig. 4 (a).

of d/h=4.0. Symbols are the same as in
Fig. 4 (a).

= Mo 2 MERTE. S RLACES) off Ui K2R REHURY S 37K ABRIRNER LEh e | o) 3=k MIRRRNE
= ALiESyol A 2) o] ZERE $5EhS Erkdhc)

Fig.11(a), (b). (c), (d) & &&M7t £% d/h=2.0. 2.79. 3.0, 4.0 YW} FFRH M2 37t 757
£ 9E fulol o] Hml fighhm #E Ucde 2 ks AL vehdch o5& jHEhhm EHol
WA @yl mEhsm HErs Eweo)

Fig.11(a)ellq Bi=uts} Zo] x/h=5 oA & SE i S HREZ st FIMME y/h=1 oA, F
FAINE y/h=~1.4 X £& RLAES VA JRokfEZt FETSS B 5 Aok £ RO E T
el Ao} oA ge] o am Tifihmez Bl et 1 3= &s) ETE 2 At ol AL Lk
Hoix TElcl M el HiaTlT o) 3Estel THEMUCIA RLAESINA X 7L o) Ho] A7) WEo|tn A
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20

20
10} 10F
s
¥ 0.0
n

-1.0F -1.0}

-2

X/ 1 S N/ E ¥ b X ¥ ~2,00-

Fig. 13 (a). Distribuions of skewness of u along the x Fig. 13 (b).
direction of d/h=2.0. Symbols are the
same as in Fig. 4 (a).

Distribuions of skewness of u along the x

direction of d/h=2.79. Symbols are the
same as in Fig. 4 (a).

20

20

10} 10}

-10f -10}

-2

oXo] =35 =17 To 35 5. Y E—
y/h

Fig. 13 (c¢). Distribuions of skewness of u along the x

direction of d/h=3.0. Symbols are the
same as in Fig. 4 (a).

=10 15 35 X

Fig. 13 (d). Distribuions of skewness of u along the x

direction of d/h=4.0. Symbols are the
same as in Fig. 4 (a).

Ztelth, ol RS HEMolA Bok: FEMIA #a 2 ~ZelEe] o) A dojde B
Fid=y

& BRI webx RESEIRSS KBS ERE Sl ol 3 {Fh2 AfSo 2 |3 RS Helw gl
U TFERAN A 9] Bk gk Akt ko 2 HE Q] rollingoll 9% o 2 Wt M} ol m Ut F A
te] BRIE 2,049 SERHMER O 2 rolling®] #3#ol 7MY st d/h=2.797} 59 u B flE
o] Zojrt ol wtet Hat EolM 24 H1 BRI Y AW AENA B oAl = &
Mo ZEE| o] MBERTHETIE ] HEhEhERe] ZolX B E rolling ¥l A Hol BATE £& 2.2%. 1.
8%.1.1%. 1.4% f2EZ K T8v1 Az},

Figl2(a). (b). (c). (d) £ &R/} £& d/h=2.0. 2.79. 3.0. 4.0 Yw o] EEHEHK ) 3”& 545
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4.0

—4057 =30 =10 TO 35

Fig. 14 (a). Distribuions of skewness of v along the x
direction of d/h=2.0. Symbols are the
same as in Fig. 4 (a).

4.0

20}

4317 TS 5

Fig. 14 (c¢). Distribuions of skewness of v along the x
direction of d/h=3.0. Symbols are the
same as in Fig. 4 (a).

g Yepdr,

4.0

20}

—4.0

50 =35 =0 15 35 =,

Fig. 14 (b). Distribuions of skewness of v along the x
direction of d/h=2.79. Symbols are the
same as in Fig. 4 (a).

30

-3 =35 =10 LE LX)

Fig. 14 (d). Distribuions of skewness of v along the x
direction of d/h=4.0. Symbols are the
same as in Fig. 4 (a).

Fig.12(a)ollX] BEvtel o] v fisre] 3MENHE 9E FuLES BRE sta] 1 Aol wlrolde
& 5 ow u Kopell ate] FEMAIE TEMION A o) AeHEo] RS X ut ik Ele] Mo 2 FEM
M) grol BT A vehum Tl os Holgel wet o e Zums) A v AES A Wo
AL A5E & 5 Aok ol BHL BRI #Bd wel Ak fEe o)t LA FiBe) W
BALEE TRMo 2 Lojuly] wjiol Fitk o 2 5El 2] KEkITHiE o) fhdo] 2 o] MM = %iiEo]
BRE e Aok Azhgn

Fig.13(a). (b). (c). (d)= BRI} £& d/h=2.0. 2.79, 3.0. 4.0 Y2} x A 7o W2 u &
gre]  IFEEBE (skewness factor)fiE UEhAT —REIOE B3 BLASEIS 719 A09
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80

40 Jts

20}

095——3v 1o ” 1O 0 X
y

Fig. 18 (a). Distribuions of flatness of u along the x
direction of d/h=2.0. Symbols are the
same as in Fig. 4 (a).

80 ¢

00— —=dp—=1v ” o 3h X
y

Fig. 15 (c). Distribuions of flatness of u along the x
direction of d/h=3.0. Symbols are the
same as in Fig. 4 (a).

— Ml el MR HiRe) 25T RLIRHE—17

8.0

6.0

20F

095 ———=35—=1v 15 35 5.

Fig. 15 (b). Distribuions of flatness of u along the x
direction of d/h=2.79. Symbols are the
same as in Fig. 4 (a).

8.0 -

00— — =i T¥ 15

Fig. 15 (d). Distribuions of flatness of u along the x
direction of d/h=4.0. Symbols are the
same as in Fig. 4 (a).

(Gaussian distribution)Z& ztethz BESIT oy fliERieel JeRLERigst Hfrshe Mgy
HEEAI M = BLIEEIS 712 E A HoluhAl B,

FEHBE = BERTl S HEREEERS ROREEE Yehie BR2A 7he-2ame IENEES 0
ok, ik HLR EolA Sk(uw) 3ol 0 ol 7MHE AL P(w) 9] 7t H—ife] Beole £h Hio R
He R —BEH o AL EMSMY JERBEL 0 olete TR —3EH %R g kA E Rl
18-S UEhIT E 4 PORE HRZ s Bl N E y/h=1.5. TEMAlINE y/h=2.0 Bl A
BoAftz s _EEMOIA 2ok TERAll A ) grol B F& & & At a2l3 x #FmEe R Hold
whel 71 @S x/h=>5 o] A-¢-9 v&ete &A) RiiiEst Helste] st e

d/h=2.79, 3.0, 4.08] A% d/h=2.0¢] A+ Ko 2 vl HRE ol ot
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16.0 - 18.0
140}
120} 120 }
1.0}
so}
eof
40} 40
20
00—t 15— 3% x LT B ¥ B o 35
”m y/
Fig. 16 (a). Distribuions of flatness of v along the x Fig. 16 (b). Distribuions of flatness of v along the x
direction of d/h=2.0. Symbols are the direction of d/h=2.79. Symbols are the
same as in Fig. 4 (a). same as in Fig. 4 (a).
12.0 - 12.0
100} 10.0

80} 8.0
g 6.0 ?:S: 6.0

40} 40 ‘

20} 20}

0o ——3—=To—1b 30 Y 00sr———d——tv TO 5 )

y/h y/h
Fig. 16 (e¢). Distribuions of flatness of v along the x Fig. 16 (d). Distribuions of flatness of v along the x

direction of d/h=3.0. Symbols are the direction of d/h=4.0. Symbols are the
same as in Fig. 4 (a). same as in Fig. 4 (a).

Fig.14(a). (b). (¢), (d)& BRIt &4 d/h=2.0. 2.79. 3.0. 4.09] x# HEUIENA S v Bsre) I
HHEE (skewness factor)5#5 S el

Sk(v) ] B¢ #ifth LS BREZ st 1 ghe 180° @#EAIZ) A v]=8n ikdiol = Sk(u) <]
B2k AR 0 o)tk Sk(v) @& FEMCIAE E, FTHMlIME B2 Jehysd) o] AL iBo) mis
el EEMAIAE Bt a o2 msstn, FEHMN S RER SRS EiEsa oS W x
HAmoR Hojyel wet 1 grel Al FolS 1 HAS IEE & il "} Hol A},

d/h=2.79, 3.0, 4.09} &R = d/h=2.02) %S9} ko= B3k R E Ho|x gl

Fig.15(a). (b), (c). ()& &EHI &% d/h=2.0. 2.79. 3.0. 4.0% B¢ x #Am ArEAN A2 u
79 fRFE (flatness factor) D& HEHATH RFEE MEREESS) BES ES Jeh)= f5iFo]
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o V25049 RTEE 3 ol

% REES gto] Aths AL FHIENTE iRiEo] 2 WEo] S MEHU ks AL FHAT
RTEZL 2 A9+ 2vtola By #Bahmisre] gl v o ot 7}t fwAIc)

Fig.15(a) d/h=2.0% A% u #h #&ER5 RTEE x @ HE B et Jebd Zoldt R/
TS g DR LAl E x @ Aol #Agle] 39 77hE @tE 7HA L AT Ul o 27 E
HojuAl =W JERLtHE ol 7H-2 ol A HoluA He RAoltt, = FEkfllel A Bt Tkl A
o] fRFRES gol ZA vehda Jon Tiffles Hold4E 7| BAsht 1 i@ Gy Holxu
AES & F Uk ol R EE7F & THMol A FE@/LIEIE gt Aol ESMAlol A B} 5&sl &= £
ol 7W7h&4 5 58stA dojuvta qlvhe A& FrRdt.

d/h=2.79, 3.0, 4.09 A= K802 v|5=g S Holx glrt

Fig.16(a). (b), (c), (@)= BRI £& d/h=2.0, 2.79, 3.0, 4.09] x #HmLo 2] Flfo W& v K
49 {RPFE (flatness factor) Fl(u) ¢ 7 E el

Fig.16(a)& u io¥ o7 A 2 &R i Bl = x 8o skl BitRSlol 3 o 77k #k& 7t
A A gk Lol Al Holu @ik 11 gho] Ehnsted _ESpAll A= y/h = 1.7 fiLEA &&EE 7MY, F
M e y/h = 2.2 frEdA HEEE 713 o oA TRt ok b, THM THafrEA A FERLIR
M) FAo] 1 BEA Lolum 1S M & Qor A Ml v AR BRGe B
Th EGEEERAAM T u #ERG Bt v #E&Esro] & HadA RFEY gtol ZA Jehdm ot o)A
& v #ERST S ghol u BEIRT ] gt 2ol EEgEA T 2o AS Bkt dolA R HESAA
o Ae] kRt —EFt.d/h=2.79, 3.0, 4.0¢] A= 1 S KHE d/h=2.09 3 %9} v]53ich,

4. ¥ B

EE DA —ES H— TR Sl BT AL o & o BRIEE 2.0, 2.79, 3.0, 4.02F £t
AlZIAA HecH) SRR RIS A o E BEs S st & ERitd W8 FLRER RS Fdst
I, 4% glacEH ol VA ke 8 Gl =] ERiay) HBEhS FeRshs Rl didte 3k =
SHE7LA) Gt FEE FHR oS 22 e AU

1. #ifol A9 RS HEEF WE FEMA Ho e = TEMilOlA =24 Yeivs, BRI 2.0Y o

#iaS A7t H9 BRI 3.08 Yo 1 iRe ofA] FopH,
2. BAEHERIENES TRE 295 FE7F = THfle2 #aphd, & #ite] @ERNAXE &
2 BHAS A
y=Kln x+C

o714 K& CE ERI7E 2.0, 2.79, 3.0, 4.0 ¥4 Z+z} -0.421 0.512, -0.641 1.116, —0.586 1.

009. -0.421 0.712 °|t},

3. BLFESNA A O] RAMEE FRP RS HRE ot EeEfil] fFAests TilE 2ol o2} #ik o}

Rz0 2 FEh)
4. FEBBE S RTE T Ehel MEkite s Kate] HhdyErRet #iketeBEfdaA o £2 & 7N
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