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An Experimental Sudy on Two-Dimensional Grid Turbulence

CHIE-Y UNG WEN and WEI-SHEN KUuO
Department of Mechanical Engineering, Da-Yeh University
112 Shan-Jiau Rd., Da-Tsuen, Changhua, Taiwan

ABSTRACT

A new experimental approach for studying the double-cascade theory in two-dimensional (2D)
turbulence is presented. A vertica soap-film tunnel and a comb were used to generate the 2D grid
turbulence. Flow visualization and measurement of the velocity fluctuations were emphasized in the
experiments. A traditional camera was used to visualize the wake behind the grid, with an interest in
finding the evolution of the wake vortices and the interactions between nearby vortices. A laser
Doppler velocimeter (LDV) was used to measure the velocity fluctuations in the turbulent flow field.
The power spectra of the fluctuations were analyzed and compared with the double-cascade theory.
The effects of compressibility on 2D turbulence were aso investigated by a series of experiments.  No
effect on the double-cascade spectra was found. The 2D grid turbulence indicated an intermittent
double-cascade phenomenon sensitive to the measuring location.
Key Words: soap film tunnel, two-dimensional grid turbulence, double cascade theory

i



86

R[S LT ST 6 STSHY N o F
-~ F F; ARF P g = PRI = AR Rk - T
KPR LT R B i [ PPV 2 A S 2
i’ﬁﬁﬁ‘%‘fﬁéﬁ?gﬁ@ﬂﬁ%‘“ e PR gt T RIS SRR R R P

5 P 2 BT R S I IO R
lF?EI?fﬁ%fIJF‘ PR RS AR - A i T

FE | IR IT o 1 BT AR R
TR PRI AR T

= ﬂé‘\@r‘giﬁfmﬁﬁwp S PR JFKFTT |2 5

S RLE B R ITRFORI ~ R AR
.f?ﬁlF{, SE I o/ (o Ji[nﬂﬂiﬁ;ﬂ (vorticity field)
o~ TR BV > P R EIRS
?ﬁ‘uﬁ:%%ﬁﬂiﬁ%ﬁ fil (vortex stretching) {717 & 14 = A
VIRGTT [14] » = RERRpL- WERIRRRL S Enstropy
e+ Hr 25 ) F‘HJ"‘?' o T T AEEGRH . A
Kolmogorov [8] u;cfir,ﬁﬁ*ﬁ‘?[;.ﬂ}h ufF:‘f;EI;fg‘,rpfjgsﬁ)\l ﬁﬁﬁ%
|53 % (double-cascade) (94 [4,8-9]  F I

L ARSFERIE TR R Cinjection scale) Ly -
—H;E,Nq, (‘energy cascade) ﬁﬁ‘l’ﬁﬁiﬁ (eddies) [EE[™ )
o SRIFORZE T LR K (ELRLAT L <L >
Enstrophy 57 ¥ F[ F‘f Al R A S I N B A e ST
Enstrophy 73 ¥ [/ k3 lﬁ?ﬁ' k kg Elzgr( wave number ) »
S T HRL 15 kLIS T2 S (homogeneous
and isotropic) fiV e SR F SRRl dr RO N E

SR B i ( energy spectrum) Fl‘ﬁ:é?fﬁpfjilr?ﬁ
I E s [3] -

R PO e R E “EIBJ??FIJ’
Gharib =* Derango [6] ||"'|-]<= gk o= ﬂ“lfulﬁggﬁ[ﬁjb
LDV » e s Kﬁbﬁﬁ’rﬁ ST FOTHIRER > 3807 k™

KOl B EE A0 KRR T ES 3~ decader
PiF=Kellay & [7] ®F5-Gharib #{1 Derango l“’jﬂE'EJEIfJﬁr?ﬁ .
Kellay 37 [7) 30y A7 |5 s i 1 2
Homodyne Photon Correlation Spectroscopy ( HCS) [iv [
(N e o i'fﬁﬁ#‘ i3 Elfjrﬁjﬁég » HCS Flfj@%gﬂﬂ» i —F%J:?[J

Al 2 3 Lrd I N AR i 1 F% ( Taylor fronzen turbulence

hypothesis)vf‘lﬁﬁlj%%@gﬂL”’?’F“i'?Eﬂ Eﬁ %ﬁﬁ'rﬁl*'J“'
B 1T 0.06cm< L <0.dom > [ [P - HekLie e ]
TRy AL PIAZEA R KOBES - (AL Eﬂm
B[R T Y (KB ZH4 - Rutgers ¥4 [13] [

5

%,
%,

et

KB - = HU T G 2mis » B T PR
FLI G 20 > B 5 10pm fU SDS (sodium
dodecy! sulfate) "°HLl B [ [ UE | 4mis[5] » BTl IFHE?*]:
PIRVRL =1 2 RSO G 2 4 S IR S
W Fifjﬁt’rﬁ,j o Paret == Tabeling [11] #[|*'] Fgcﬂtiﬁj\ %E*JF@ il
e SRR P PR e & D RE R
F E{E'L‘#Q'ﬁ/@??u@% ( particle image velocimeter, PIV ) =
R A A B 1 T S KB - SRy
l—f}ﬂ’?sj T T [lﬁg\ﬁwiwﬁﬂr’\j}%{ﬂﬁ?ﬁﬁ@v [ if'v[
) ;L;Eﬁgn?i SOl B 15 R ST T 2 Ul
(streamwise) b [l R Ef 4 3‘3“]‘ ﬁTsﬁ%"aﬁ il
Y.

PR
=) = A P R

A 1 A tf#@[1&;@:\%”'@?‘%&@&%%? Ul

o T A Mﬁﬂwmﬂ B
PRI 30 FRRILRLY | SR 7 o A IR
7 3.2m o PRSEER G TEHAGEL I ISR =
RING T e e 1m =3 F&E‘“@F = EVE I%f FfEIG
K% Bem~10em » P AR o R i S
FERCE Pl AR [ o = S PR VLTIAY S foUFURRL
FIJP 5] S VB S RO ] eI R T
PFC VORI B8 (R 1~10pm ) > BT SRV B g
SEEL (7 RSP A B SR PP AR T SR
B o 2 AN A T PR e BRI - i
A% - T 3T (newton interference fringes) » 35
TSGR~ [ & P s bk s PULVRGREE - Fapl
EUJ R PR P 2 Sa ORI 0 i PR R LE ]
g,m@ﬁ« 491‘9”9\%13[1 R AP TEROE o FIP R pugis
AR T 0.5M/s-3.6mis » [NIFSl £ P | Pk AR
i b};.quvlfb R AT i S i’fn{ﬁ’f*‘,\fr )37
zgf o

(Z) #REY BV Hf=

Rutgers =~ [13] WﬁHIﬂJE'JﬁQ' (comb) & % = 5t

A R o PP T RS R LRI 2 G

A

B

i



87

W IR T SR YR

w85

T A I

LLg- R ) )

wE

L= i Ed

LR

' L = ol =R ORI EOR (2

o BIER B TR ¢ Comb-A i E - U K
Imm > AR R - RS B]Eﬂ 3mm; Comb-B fffi=" 51—
ﬁlﬁl % E 1.8mm o AT R A 1S i [Slﬁzj 3mm: S A-B
PPERE 47 7% £ 3em ~ Som A1 7.50m = 78 il N
PP ARG ~ T IRIENRIE T [
fEfE™ o = %%ﬁiﬁﬁ?%iﬁ“éﬁﬁ?ﬁ%ﬁ% °

) EETEN b B (LDV)

B4 BRI B RO VR S B R LDV
Ak o LDV SUE T S T RSB 1 - NPT
ﬁ” I P VU AT < 1 2 e P R
LDV £ 7 507 B o F1 - LDV A 53 ok L st
FEEPA TN ab WA ed KPR B2 x ) JREFHT T
0 G| E R y T e 71 oh PO R - IR
PRI SR EL R S5 ST Z il A phe o e il &
PR 300mm > i /& 100mm fuR B S ER BRI E > g
== 9 {0 35???{]?[1’3’?%%}'&1?*5'@\7@

X Argon

= 2 LDA Modules
J

— Optical Fiber
Colorlink J

TsI®
IFA-750

! 2. PIRRCHIE T LDV 15545 E’LIF[’

(P PUEIPE FREFE

=4 2 ARSI R (viscosity) v Il
BEOBIRI U PP LB ELER | Gharib
Derango [6] fift] iE[J“h%'I ’ HIFH[@%‘_}]%E Irpéﬁﬁ > ik
Fip = iéz{%"“ﬁ 7 ”éffﬁif[lﬂiiiﬁ'ﬁ'{ KR 1
7| Roshko [12] % [,ﬁuw&‘rﬁ[.’ =

St=Fd/U=0.212-4.5/Re (1)

PR ,F;,Esr (reynolds number, Re) » =V [[IfY St &
F< LT B (Strouhal nummer) A EIR IR d
RLEEERYEE > URLETE e o P (L™ A R e ik -
TURVRIE I - T 3 BV LDV BN b b
71> % FIEH] 1% ‘i“'@ﬁﬂv@r i@ 2. 7mm e RN
ﬁalf[li%ﬁfrﬁ RIREEE () ﬁ%‘“tﬁfg} F=49.07Hz> U =
0.85m/s > FrtH 7 $=0.156 - .F;[E;eﬂdna TS

Re=Ud/ v (2)

PR P R R (> ) 45 286x00° s » 1

(] ]



88

RIS R T 51

B FEE NP T

File:c:h\data\868187\A5Su1dZ7.UBZ Title:Power Spectrun
18 1 I I

POWER SPECTRUM
=
=)
T

_ T T
1071 10° 10t 107 107
FREQUENCY (Hz)

A 3. (7] LDV BV R i vV o B Ao

e EH] Ivory [T IRRIERIRG %= 1% E'Uﬁg'ﬁ;'i’ﬁ
ik -
(Zr) PIRIREY = 5% B

HERRL| LDV BB T S 5
Al DR S ) s 2o RIS > BT s
FOo RN RS (BT F AR T AN R TR
% QIS T S -

RO R E T R s
W O > BOREBAR o Bl R
E[IFR B AR TR B T fﬁﬁ?’f i%ﬁ”
IR R SRR T SRR R JF/Y?HBE IR 511}
RSP o R E P PR SRR

(%) PIRRP VB — R R L

PR (ol — B TJI'TE% SRR

[15] == Liang [10] [tk » Pl ™ it 4 fosh 5%
"%lfﬁ (1] > PV oAt - BHARLE R | = P8 ][RR =Y
EJFI FIKA T pflﬁﬁqi Fl 1 8575F ( coherent innova
90, 1 =488 and 514 nm) =% — 5 F4 (melles griot 05
LHP-991, 2.=632.8 nm) !4 - JfL 74 d™ 2 ° L et
Fﬁ]’?ﬁ Cccb Fﬁ"ﬁ?ﬁﬂ@ flr=% F'Ugﬁ o BUR R PR Gt R TN
PRV Tl B RT ~ R T R ISt 2R R
PRSP A~ T AT EORCE | PR (512
x512 pixels— 30 Hz) RV == &5k [&iﬁﬁj I EJFH T py
VRG> TR AT R (B R [ U i
PR SR ELY IS LY B (5L
IR (1) -

‘E'!.E?E?j‘i‘: ke 4 85 (spark control) 7 =L AR IR
TP > IR S SR S VIR P O IR
ﬂﬂﬁg}%ﬁ/ﬁk (line scan CCD camera-20KHz) }H@ﬁ ISER
JV TR o R R R R = TR COI S e

- moter TO

Computer

White
LS e .\ laser

TR /@/O
®\/‘§ — Line scan
T [alabs]

ccb @ 1
camera H 2 ]i/ camsra
—— epark

3.17cm

v

14.45ms

) [ RS B R R R - R
el PSR AP LR | FF‘ B Hqgﬂ LAY
BT URG £ 5 SROR 5 LY B oA
] iﬂﬁ‘%ﬁ%ﬁﬁg%?g{’ IR VR AR T [ S
STPIESATIALY B o RIS F M Z= a xT b_
Power Law {5 EflIRsp1Se - Al [IGSIE 6 Frr » [l
RIS 5 11 Line Scan CCD [jtH 7 1 df etk i ol e
fE2 o FHRSLFS R PIRFIIRSL > 0 R S L gﬁl SEAL
TS| T IR e 7 B g 5 3m/s ~Bim/s

LR i SN N . o R e s R S T g
e N ER 1T *fETLM‘I[*T [l =R Vg (a)
FURiifap (U) = EAHER > [ fﬁ?ﬂﬁj HRANVE
FRE (M=U/a) » % 1 ERPIVRE T [l PO == T [l 0/
FoFREf -

i



89

W IR T SR YR

0.030

0.025 +

0.020 +

0.015 4

Z (m)

0.010 4

0.005 +

0.000 +

T T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007

Time (s)

[l 6. FPLEVIU] 190 B D AL
1 PIIRRS T R PrR 2 T RRGRD BAFE

PIRIEE

. 3cm 5cm 7.5cm

sl (mvs)
12 0.22 0.18 0.10
15 0.40 0.38 0.30
18 0.60 0.58 0.51
2.0 0.74 0.71 0.65

(=) = AR
R FIE P PUPTENRIE S B 1% » TIREE wo bl
30mm~ 50mm F1 75mm> RS 55 ]I ES 1.2mYs > 1.5m)s »
1.8m/s A1 2.0mVs [ti] » #4557 Comb-A A1 Comb-B %7 ~ Fé?{ﬁﬁ}
FOREERENH - H R EREIR~" ¥ y=50mm- 100mm
F{1200mm (y Euffis” Sl 5] LDV & ENRIRRLY BhEs) B
@*F’fﬁiﬁﬁﬂf}iﬁﬁﬁ °
il 7 B PP PRSI 1.2m/s i
i} Comb-A (d=1.0mm) i [ *fﬁl‘ﬁjﬁﬁr" Gigs alES %FF' ,
St B T A TR y=50mm LV 5 30mm - )
L K s pff=El o3 (LR 7(a)) > (B ARl R
Pt > y=200mm [ > BHEEER ﬁﬂéﬁ?dﬁ‘&* k3 T
Enstrophy ;7 3 (%Eiﬁ%ﬁ' 7(0)) - ﬁ%ﬂ 7(b) kL7 y=200mm fiufb
MRV B 7omm e FETR RS 1.2mis PR 3
Comb-A .V kst » RN {fORs R B0 E K531 K3
3 3 BB » = Gharib @ Derango [6] gmfprzjzgggml,'y; ,
=R L BRI - [ decade: 71 ) s
RO B LT I S5 3~ o KB AT K3 g i3 4

LDV

Title :Power Spectrum
18_3 1 1

T

1874 SLOPE=-5/3
v
-5

10 ~ o

18" -

POUWER SPECTRUM

1077

1
FREQUENCY  (Hz)

(a) w=30mm

18_3 | . ) Tltle:Puu?r Spectrum

SLOPE=-3 [

1076 7
SLOPE=-5/3

POWER SPECTRUM

=y T T T T
8 101 2
FREQUENCY  (Hz)

(b) w=75mm > y=200mm

Title:Pnu?r Spectrum

SLOPE=-3
I’

POWER SPECTRUM
-
=
|

Y o 151 T 1
FREQUENCY  (Hz)

(c) w=30mm > y=200mm

7. = §%‘fﬁ%ﬁ$%df‘iﬁi’¥} ARSI - U=1.2m/s » d=1.0mm

4:,-&
]Eéb =N

e

I 7B) B 7(C) I B R A )
SEASE: FUll e (SHUI R RIS Sl e
i T21= 53~ decade » #=“Lfji] Gharib = Derango f{"lfi”
FHGERN AT - Y Kellay 27~ [7] 75 Gharib == Derango
PR gk A [ 7(6) 2 7(0) IRl ) BT
kS i gl 53 3 B SRR i IRRSINE: = RS
LRSI }%kﬁ]‘ o NIV 5 .Fruliplwguﬁe%ﬁ»% o

E ﬁ'%f‘»'?ﬁl‘%
= IR LDV BNWER
L 7 IR B ot 5 R RT3 YR
Fe 2RI £ 30mm T T IR Tl

i



90
RIS T PR

a1= %

S NEHH T

Il LDV EHEIE s JFE% ik EE NS 7 y=50mm
) Fl‘”f'c Comb-A (d=1.0mm) F%%L Comb-B (d=1.8mm)
Il SRR KPR o T y=100 mm = 200mm

Eﬂj T Tufq_ Comb-A % Comb-B [4f5]+" FLJIEJH'. SRyl
o

e BRLTPVILC 1% S0mm R i T [RIReE 1 l
I'} LDA EIEH 2 i‘?% ik HEN S 7 y=50mm

Eﬁ » P Frufc Comb-A Ji5 kL Comb-B 7t [ﬁjﬁ@m 14 F Y
KB ES = ol U=1.8m/s™ 2.0m/s 1l k93 k3 2R
T [ - T y=100mm > ] ikl Comb-A 7 Comb-B
U= 7 K S UBAES © 7 y=200mm ER Tﬁﬁﬂ
Comb-A  Comb-B fiufy]=" » l]g“[ FAFIAY kBB -

Fe 2. FIRVEFIE 5% 30mm B TR (Re) =1 herF-f
~IJ LDV B 1&‘*%‘% AEN (d SRR B E
y BV S TE] LDV BHHIRIRD BREE)

fi ﬁél{ y=50mm y=100mm y=200mm

ﬁnﬁ M d=10 | d=1.8 |d=10| d=1.8 | d=1.0 | d=1.8
(Re) mm mm mm mm mm mm

12mis | oo 53 si3| 3| 3 3| -3
(Re=125)

15mis | o | 53] 53| 3| 3| 3| 3
(Re=157)

18mis | so | 53| 53| 3| B3| 3| 3
(Re=190)

20mis | -, 513 83| 3 3 3| -3
(Re=210)

F- 3. PR 55 50mm B T ISR (Re) =l
I LDV BN Sh R AR (d SR RO E
E RS HFF Z[| LDV _EHEH%!TIE )

F ARV B 75mm R o T[RRI e
I} LDA BRI sk ﬂf?i‘x AN > N 7 y=200mm
[ + Comb-A F5 Comb-B 7 T [flfh ™ #[42if10 K= 3
o3 Y wEE - 7 y=100mm E\ﬂj » Comb-A % Comb-B 7t T
[Filfea ™ {LJIHH', SHUBHRFS < (17 y=50mm [ » k™
k5’3*f’ K3~ KBRS 2
=9t » % y=100mm Eéj’ v EflR 2R 3R A4 R
F T”'} Comb-A % Comb-B EISJ‘[??EJE\}& T [ﬁjﬁlfﬁgl@ ?]E'(EI'I’@
P IR o B T B R K3 b9t
i 'E‘E}?Eﬂgﬁ(yZSOmmLﬁ? y=200mm) H grsgga. ko3 ke
e u]&,fgﬁ T o
F 3 lfitn 1.2m/s % 1.6mis [ - 55 LR kP
(y=50mm) @@ t% k* (y=100mm) i ~ [ E] k>
(y=200mm) » EIAdZ 3R 51 | [E]R[% (intermittency )
e
2. PIFIEHATSE T A ﬁfﬂ‘&‘ ST NG -7
Fe 275 3 q[1 y=50mm {7 PRI TR
e 1) LDV B S g Y AT o Comb-A
(d=1.0mm) RY%L Comb-B (d=1.8mm) H*ifufi i 1.2m/s ==
1.5mis » £ U 4T KBRS > i) P £ 75mm
[ (F<4) 5 e Lom/s g » 537 BREE I KB g Fe AT, k3
AR Fil’,’iﬁﬁirgﬁpt@ 1.8m/s=® 2.0m/s Eﬂf P HET ﬁﬁl@?
TPV T sy SR - JTE K3 KOS
FORLRBR L 2 (L

F. 4. PR £ 75mm B T IR (Re) = IR
“I'J LDV EHEE ““JJ}‘—;FF‘?; ,'-ﬁ_F.F,LI (d £ ;Bﬁ_:,'ﬁjﬁ,w R
y 54 6 1] LDV B HRI S8

o =50mm =100mm =200mm
i y y y:
H\ M d=10 | d=1.8 |d=1.0| d=1.8 | d=1.0 | d=1.8
Re) mm mm | mm | mm | mm | mm
1.2m/s 018 | 7 5/3 | ;753 | 3| 3 | 5/3 ]| 5/3
(Re=125)
1.5m/s 038 | 175/3 | 175/3 | 3| 3 | 5/3|,5/3
(Re=157)

-5/3 -5/3
1.8m/s 058 K K 3| 3 | 5/3 ] 53
(Re=190) k3 kS

-5/3 -5/3
20m/s 071 K K 3| 3 | 5/3 ] 53
(Re=210) k3 kS

SR y=50mm y=100mm | y=200mm
M 0=1.0 | d=1.8 |d=1.0| d=1.8 | d=1.0 | d=1.8
(Re) mm mm mm mm mm mm
—5/3| _-5/3
12mis | 0| 53| 53] 3| 3
(Re=125) 2| 3
-5/3 -5/3
15m/s
-3 -3 -3 -3
(Re=157) 030 | x K K K _3 3
K K
1.8m/s -5/3 -5/3 -5/3 -5/3
051 | 5 | o x| kP 47
(Re=190) K K K K
—5/3| _-5/3
20MS | hes | 3 | k3 | k3| k3 3 3
(Re=210) K~ K~

i



91

R~ PR m‘gﬂﬁﬁﬁ%ﬁh.‘lf 13

y=100mmE§ ) &T[ﬁi’hj@?j\ qu@qg@y@w*; LDV
ENHIE sk %%J/ A > Comb-A = Comb-B £ 55 3
Foi5— Pl KO -

y=200mm [ » & 7 [l VS 1) LDV
EOPIE %J/ AR PUIRCE B 30mm B (F
2) > Comb-A = Comb-B I 5} ?IJE.EF&?"LJB;T& KSR & JRIE
TRE L S0mm (A 3) > —rui Comb-A F54L Comb-B
7Y BRFBE R KO B Iy R 15 TS mm g -
L Comb-A F5 L. Comb-B ! FirStaiia. k3= k0 # iU
=8

QNS AF 5 R N R G A b
g %\%ﬁ[ﬁ#‘%i’ﬁ? | T I[P sy 2L pD ) P L R
By B, D 5y ﬁéﬁﬁﬁ%ﬁ%imll%ﬁuﬁwﬁ
T i+ [P Gharib = Derango [6] U] > (E=
Kellay 57~ [7] Viprocadiil &) oz B PER P U 2E
FOFESE KBRS - 32 F IS OEC R T (KPR
g lﬁ? y=100mm Eﬁ 5L Bh RS- R L K
RUHIFIFS > EURUARY Fe kLU0 URHRI — LR RS -
) ?ﬁ&‘iﬁ%%ﬂ?{ﬁlé‘ﬁl KSFE o 9t > T IIENE
IR 7[RI 3% 7 IR o F1 P
SRR 5T L B 5 E - FIIk » H AL P
VERERpY - -

AT Es o It ﬁ%"ié’éiﬁi}é g7

o 28517 PP 1% 30mm 7 T [T AR
FEIRE RN )LDV B ﬁ@%f% T U 5
1.2ms - 1.5m/s‘ 18M/s™ 2.0m/s U+ » PV Y ARG
SiH[I¥% 0.22 ~ 0.40 ~ 0.60 ~ =7 0.74 > EIGH{lE= 55 LV

J ”FJ:JIETFUJ’— s y=50mm E?*] I [P R AR BRI B
PRI k% 5 y=100mm = y=200mm [ - 47 [l R
T B P k3o

S R PP LV 1T SOmmE T T il S I FL AR

ELT [H ‘[‘F-I_k I'} LDV ENHE %% VBl iﬁ“ﬁf‘i‘
1.2m/s~ 1.5m/s‘ 1.8m/s== 2.0m/s [+ o BRIV EL FREE

5355 0.18 ~ 0.38 - 0.587 0.71 » KU 55 3 BHES[Y5)
i s y=50mm [ » Y 1.8mis ™ 2.0mis s k¥ k5
K o (B e R 391 5 y=100mm LRSI
FAREE BB T £ k3 y=200mm W T IR

PG BB T K.
e A5ET LV 1 75SmmER i IR AR

Eail '*F"_“ Il LDA & ?Eﬂiflfiﬁﬂ/’?% VAGN o Pl
1.2m/s l.5m/s~ 1.8m/s= 2.0m/s IV BRIV Y FLFRES

S7H[I£% 0.10 ~ 0.30 ~ 0.51%= 0.65 » LI 5H U EE 55 L B FEpYS)
R y=50mm [ - kR KR K Ry [ P R
T 9t 5 y=100mm EHJ'? J’f"j [ﬁjﬁ@ﬁ,ﬁg’ﬂ Bt s B
Fitd k® 3 y=200mm [ » 57 [l o ARG A B
£ K33 ke

HERAVREH BT PRIV RO AR H 55 BT 1>
ik 3R A4 y=50mm RIS B ER T A
o [%ﬁﬁd‘k s ‘»tﬂ'ﬁ;]&?: ﬁ H[ 1% ﬁﬁz]}ﬁ}&’?"j J/%EB =
PR (e & U ESEE E)  B R 32 R [
|27

(Z) WHp

B 8(a) BTV 1 Re=30 N g T b
T (B BV T TR AL (B TR B oy
(i B [ AE T R i (atteched vortices) » =i =]
FREPIRIRS > T RESUTST N R Y THARHRR L
VT -

f

p—

?alﬁ

(8) U=0.3m/s » Re=30 (b) U=1.0m/s » Re=100

(c) U=1.8m/s > Re=190

' 8. PRI AT fﬁl?{%ﬁ?‘ Vhator AR g
T Bt

vl



92
RIS R AT

a1= %

S NEHH T

HiF :FFIEWE” [ Re=100 [ » [Nifidh 1 FEIE IS 0 H I
b iw;n%%&fi EE S T = il Mﬁﬁ (Von Kéarmén
vortices) ZRLGY - vk B - AP ) T e -
P ’lfjlﬁfrlﬂiﬁ’rﬁ (Von Karmén vortex street) - |iij&—
TS 1 O TR SEPE S ST
(vortex shedding) maz RS Aﬂ/%q{ﬁ;{& R R
1/[1@1 8(b) Fr o

P ST 67105 Re=190 11 8(0) » 23 M4
S e » BRI R £ RN

S R TV L PORLRE T AR B - [
BT D R T AR RO Y« [ A
TRE R T E R AR -
L"*Z{HJY?TLE\‘EEF’]J/ G [l fEd 7 RSB POE == 7 Il
Tl (Re) & T IAIPY RIS > P UR] S Sk ad
T R B (RN T ) SRR R R
(|nject|0n Scale) Liy I/FTJ[,.[ IS JWFTE‘JD

P~ i

= ;fﬁfﬁﬁ‘?iﬁ‘u%ﬁﬁ?ﬁéﬁ%ﬁll ’ ‘ff; S an NI T
TFEIRE AR o RS LDA BN s
PPV LY = SRR R A TT S RR

ST IT > BT T T AR SR Y R S
= Gharib = Derango [6] [ {FMFEZHAY K31 K3Rqfi 53 <
BeFE (fH KPP 2= 53— decade) Af111) » 224 P4
%ﬁ‘&%jﬁ PUEZR - BE (K5 k) # )l = A HER

SR RS Al K3 53 LB T i decade > it
Gharib == Derango & -

At G 2mys [ - PRI P 2 O R
Eli:mtﬂl~ *f:l%ﬁ’ A BN W@@m Bl
ﬂ’#ﬁ@@ﬁf%@éwFEﬁﬁﬁrﬁﬁﬁiﬁm%
2 Yk s ?é'{ﬁ?f‘i [1f955 3 B EE [P] 22 i Sl
%Tﬁl%f%%{ﬁﬂ %2 ﬁ/]ff.af& O Pk B LR

T IRIEHRIREE = IR - E T LR e
%%55% Wil o RSN TR A R LY 5T B S
'q;Ejﬂaw§’£55¢gﬁ%nrwgijnky%@tuK%ﬁkﬂ3
= K PH T -

= RS R PR R AL R R AL
o Ef[ﬂj(homogeneous and isotropic) - [fij 7t 4 ﬁﬁ%&rﬁ%pl ;

fRep FFFHE

PR *3 (decaying turbubence) » [+

IF=> 8 P ) AR A 25T 2 5| fﬁi?’ pt= iﬁ’?‘?%’?
l‘ﬁ"l%’ﬁﬁ??ﬁ RREKIAA MY T [l W %Qﬁ@?fﬂ HH Y
Spp v VG ’ri‘éﬁ’ﬁ?}%ﬁﬁﬂb DS FARLI Atal= A [
Fpuzplge %ié}k;]’ &SIV (homogenous turbubence)
BRI (decaying turbubence) I PP - IS G
R e R -

¥

@ﬂ%w%
1 IR (N 87) » PIVERES
FHFRTL R -

2. AT (N 86) > = [liad = VU AP o e
B (PART 1) [ 39 iy # 36 73] (PARTIL) »
BT BRI

3. Babiano, A., C. Basdevant, B. Legras and R. Sadourn
(1987) Vorticity and passive-scalar  dynamics in

A > B

two-dimensional turbulence. Journal of Fluid Mechanics,
183, 379-397.

4, Bachelor, G K. (1969) Computation of the energy
spectrum in homogeneous two-dimensional turbulence.
Physics of Fluids, 12, 11-233-11-239.

5. Couder, Y., J. M. Chomaz and M. Rabud (1989) On the
hydrodynamics of soap films. Physica D 37, 384-406.

6. Gharib, M. and P. Derango (1989) A liquid film (soap film)
tunnel to study two-dimensional laminar and turbulent
shear flows. Physica D 37, 406-416.

7. Kelay, H., X. I. Wu and W. I. Goldburg (1995)
Experiments with turbulent soap films. Physical Review
Letters, 74(20), 3975-3978.

8. Kraichnan, R. H. (1967)

Physics of Fluids, 10(7),

Inertiadl  ranges in
two-dimensional  turbulent.
1417-1423.

9. Leith, C. E. (1967) Diffusion approximation to inertial

energy transfer in isotropic turbulence. Physics of Fluids,

10(7), 1409-1416.

Liang, N. Y. (1997) The Bursting of Soap Films. Ph. D.

Dissertation. National Taiwan University, Taiwan.

Paret, J. and P. Tabeling (1997) Experimental observation

of the two-dimensional inverse energy cascade. San

10.

11.

Francisco, Abstract Book, American Physics Society,
42(11), 2117-2117.

Roshko, A. (1953) On the Development of Turbulent Wake
from Vortex Sreet, NACA Technical Note 2913.

12.

i



93
BRI~ BB - AR BT

13. Rutgers, A., X-Il. Wu and W. |. Goldburg (1996) 15. Wen, C. Y., Y. M. Chen and S. K. Chang-Jian (2001) A

Two-dimensional velocity profiles and laminar boundary sogp film shock tube to study two-dimensiona
layers in flowing soap films. Physics of Fluids, 8(9), compressible flows. Experimentsin Fluids, 31, 19-25.
2847-2854.

14. Tritton, D. J. (1988) Physical Fluid Dynamics, 2nd Ed. UfF £ 94.00.27 f57-:9411.02 5 : 941220

Oxford Science Publications, Oxford.

i



