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Planar Laser —Induced Fluorescence (PLIF)Technique and Its
Measurements of Concentration Field of Turbulent Jets

Abstract

This paper includes mainly four aspects as follows ; -

1. The fluorescence properties of sodium fluorecein in common water were studied ,and
the effects of concentration, laser power, temperature, pH value and color fiiter on
fluorescence intensity were analyzed in detail. In order to account for the nonuniform
distribution and attenuation of intensity of a laser thin passing through a fluorescein
solution, two dimensional digital calibration method was proposed. Based on the above,a
perfect concentration measurement system of planar laser — induced fluorescence {(PLIF)
technigue was established, in which a image processing software with strong functions,
writien by C language, was included.

2. Conecentration measurements of round turbulent jet in stagnant water were carried ot
in our PLIF system. The mean concentration, instantaneocus concentration, R. M. S.
concentration fluctuation and fluctuation energy spectra were obtained, and the results of
mean concentration were compared with those of semi—emperical! theary.

3. It was found that the fractal dimension ,measured by the so—called “box—counting”
method, of fractal objects is smaller than the theoretical value. So we proposed a better
method
We measured the fractal dimension of scalar interface of PLIF image for turbulent jets, and
found : (Dthe scaling regime spans roughly between the integral and dissipation length scales;
@the fractal dimension,D,of turbulent jets increases with the jet path,with a sudden jump at

modified “box—counting "method , which was verfied by standard fractal curves.

X/dy= 6. This means that the fractal dimension can represent the properties of region of
turbulent jets ;@the fractal dimension,D,of concentration contour of turbulent jets decreases
when the concentration C/Cincreases,and fit to the Gaussian ;@the fractal dimension D for
fully developed turbulent flows was recommended to be 2.53 &+ 0. 04, which is in better
agreement with the estimate theoretically 2. 5<{D=C2. 75 by Hentschel and Procaccia.

4. The total flow characteristics of vertical pure jets in stagnant water and in cross — flow
were studied experimeuntally and theoretically. The three dimensional concentration fields of
vertical pure jets with cross — flow were obtazined for four cases. The kidney shape,
bifurcation and wake vortexes for round jets in cross —flow were observed experimentally ,
and the preliminary analvsis have been done.

Keywords: PLIF technique,sodium fluorecein,two dimensional digital calibration method,

turbulent jet, fractal dimension, cross — flow, three dimensional concentration
field. ’

Ph.D. Candidate;: Huang Zhen—Li
Directed by: Prof. Yu Chang —Zhao
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(box dimension B box counting dimension),

BT REH KRB TS B 2 AT 5 A b £ 2R
R ARSI TR E O, 18 B4 SRS SRR e, &
8 BRI MASE A TR RS SEE R & B R A4S fy HEY, IR
BT HAAR R E ST s E R0,

BT OEAEDS, THREEE S E X

Mandelbrot (1982)1¢] 30437 2 ¥ % Hausdorff — Besicovitch #Her D e
BRTHRIMER Dr MG A LB TR T 50, 1986 42, fil 20 1

T BOBEARALAY T L HB 4 5 B ) Ay STl 49 9 (shape) U4y
LB R R B B HCH 075t (self — affine)”, 2&?&#3’]% H

A,




ek T i o BINE EHHFE SRR

Hp FA EARBIATE D Koch 148, Cantor £, Sierpinski ¥4 S &HAH T
FRRH BAEOEW. T E AR T EREFENSEERBRW ST EHUSE,
AR S WENERSS, SEME RFE—EnERED wERTERM
ok o X B Y 43 JE 2R 10T 97 SE B (B B B T IR Y .

=\ é}%ﬂrﬁ’aax&ﬁ%‘:mﬁﬁ—?—q: Bz A

I HEATARFAE AL/ WERARRETH AN IR 4F
HLWHEFERET, eRETRIMNVREYRA ST EY A E, wH
Hausdorff i BRI ATE TR AV R R E IE;%JXW?@UE%B’JE)’(E EFIaER
REERAR T ERRE A,

T O M ZE B R EARY LI A AU R ERE . B AT, AR R i 0 R R £, R
2 38 TE TR A AN [B] (1 £ B SR 8 R i TR A A SR A BLAR

1922 4F ,Richardson £ ST 2 K BT EH AR RN RARAEERAE,
EEZX—BENEA, PRSI N FiRRyR. SRR, SRR A
Fin B RRBEAEXE =T THWAR |

L. HRRAN Navier — Stokes FIR(BFRN ~ S 51) 54HF*.

Lorenz(1963) MR A RMAT, X N — S T T RITEFR b, 5
BT —HEES TR, WA Lorenz TR BN EITEV ERB I BEOBEAT
JE 4T 4 (chaotic behavior) IS FEFFFRAY Lorenz W 5] F (attractor) . iX- MK E] T
BE—PaIEE, BEa48 2. 06(Mori, 1980),

Scheffer FERIT ZHE [P N — S T EMAYESE A0, T EMA TR
ENFENTE DIEER/NT 3 MES T BEREN SR E AN E RN,

EAEEAREAT N — S TEFBEETRE, %t BT B THE R
SERRR R EHEENL, T EEESE RS T8 E % . Fias fl Teman % A\ B &IF
XS TRESE - ELMRES MG, REERN 4. BEHET IS
Bt RS T T0 5 Bl B TR AL 2800 A4 Poiseuille WAIMBENTEEM,
N — S FRMHMFENHEN T RRET L EElagE eyl 4000,

BAN —SHRSMEE R AR, BINEEH AN — S FREIEHERTE
ﬁﬁ%@&%ﬁﬂ‘]ﬂifeo

2. BV AR
T A B R E R P IE M BT (intermittency model) FI iy HL
_t:[49 52] )

FH B, AT AR e R B BRI « OO MAECREF TR RM,

(e(x) »e(x + 1)) oc [r]|™, 4—=7)



WERSPTENE SR BIE  EHG AR A

A FEBRET,0. 2 <<p < 0.5,
KU — 1) RFBEFEBR LR LR Mandelbrot (A N EEBIHEHE
W4T Fl T RFER

D=3—u. - (4 —8)

Hentschel F1 Procaccia (1982)01] iyt = s 15 @ﬁﬁ%é@?&%ﬁA&k M
R EMEHE Y SR BRI ETE 2.5 <D < 2.75 (IEE M.

Frisch %A (1978) #H T IRATEHE —p B DA fy e i e 2
FURY/NRBE S5 H B 2 1 RBE R/ 08 /D BT o 2 (It AR 12 B sk AR /)N, IR
(daughter eddy) Pir iy B AR AR (mother eddy) 19 Bf%(B = 203,38 < 1) ARE
AT DL A B 404 D B A IR LR B L RO TR LR B, R pR A
AEATEEREN, AT EIAE MR R A, X R = s i — 4 5
RI77 19 o E ANR WAL NI 55 B 22 2 IE BRI B X T Y T4,

TENG P B ,Henstchel F Procaceia (1983)051 AR E (scaling) R4 F4E
SR T SR KRR R B A B, T B A 4548 E T 24 (Y Richardson
4/3 WITRERE 1984 £F, fh ITHE Lovejoy X T mAY A LRI E 45 52, 8211 T 5y
TR RAET TR,

3. mmSHNRE

AR 2 AR I SR, X — S AT SRR SR T ol A 5
I, B — 3) iR Bk SR BEIE 1] (Grant %50, 1968) A TR0 fa R R E
FEBEL k BUMITHET X, 4D = 5/3 MirE B AT M X, 44 D = 2041

XFF Kolmogorov £ [f] [Rl¥:34) 5] ML, W45 23 (M) BT AR A IR By 2 M I H
o B R BT (Y 1/3 01 2/3 RS LA RLAR , VT L HE 40— 4 2 [f] ch &30 £
22534 D 43510 5/3 1 4/305%1

Rz, Mﬁ%é’]f’%ﬁ@?ﬁuﬂi CREARS, MATTU LB R BRAE 5B
AR .

Tﬁﬁﬁfﬁ@ﬁ%ﬁiﬁﬁﬁ BRFHIT RN E, 578 B H4H Lovejoy(1982) 51
YE54)  Lovejoy 44 Mandelbrot (1982) RHMPMERROA)— A @) X&E,px

VA BT K% TEMTAE b 2 IR KA A ZRIT X 52 iy 28 g 7k
FEIUB B BT SR . T I, 250 T K0 T 28 S B T e 8 7
ﬂﬂl@(fl — 4D FTAR  fBFEA 1km? F] 1. 2 X 10%m? AR XY T RUR e i

B e BALIRE | BT BRI E S5 5 . i AT S A0 4ME % 1. 35 +
0. 05 XM Kotmogorov £ [ MM STV S FE S A 45 4/3 KIS0 ik
EREMIE, Lovejoy Y45 BB, 72 1km 3] 10%km HITEE A B £ BT, 1
LR, Kﬁﬁﬁ&ﬁ%’fb&ﬁﬁ%ﬂ@ﬁ@ﬁm

— 40 — -
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e

B TR N
108

05 F

1o

103

S(km?)

102

1,

L{km)

H4—-3 H#PEERIMEEH Hi-4 Z=RIENS SAKA xR

Rys 1 Waldvogel (1986)00) Fif H 1A B HIIKE = (hail cloud) fyE ST
TP~AXRRHR, AANYEKP > 3kmif, 404D = 1.36 + 0. 1,5 Lovejoy Y
GRELR -FELFLP <3kmi,F4ED~ 1,

/NSRS (1984) 1T JEWR I B R/ N AR B BRI T B R R N BT R
ALK BB, SR TE M TR SR g -4E D 2408 L 3 S E RN KX AR R
AT R R/ DRI R A ROMAR AT B, R T R A R s AT BRI

MiZtg H R AR RSN R  EEKER” fKEs WAL EFINES
i TEERAED, E ARGV BN, SEERZH AR SN, MESE
RWEIN XS EILH(19900% FH B IR A I 42— o 1S RV 30 480 e et
A7/ s ANV 1Ly

Sreenivasan 2§ A\ (1986,1990)1 ) F| f PLIF B ARFEM MR E R TR
B R FREDE ST TR B RAE S B ESITE T RS E 0T ER 4747, |
BT ATZEWE AR TN ERESERE . © MR EFERA K B, B4
R (integral scale) H{i Kolmogorov R 7 [H[FF A K K, 4r4EH 1. 36 + 0. 05,54
HAE R T 2K BRI HRl; @K olmogorov REEH! Batchelor R 2 I#R
B X8R 1.7 £ 0.03,

B AR, AT A SR R T R A R AT AT
Sreenivasan %5 A L5 H— MBI AE B 2 A BAE T , SULA BB K AR 5, Mk
Kolmogorov RFFIFHTRE . A4 # KR EARERER .Lovejoy EFEHY
PR PR X B 1km B 10'%km , X0 B RS A TR .

HAth 5 iR 2 MBI 2 094 450 & TAEREE T — 25k i, 40 Takeno




Wk TEWLEEY WS DA AT

£ A (19900 ﬂﬂﬂ%?kkﬁ%ﬁ(ﬂame surface) By 4r4E  FE R ——F2E,

LRI, WK, A9 R4 BT SO T B WA B S LR
S0 B (L, ST B 5 VT 1 T LT T A4 £ L T P
B 42 SRR TR R 0 15 1, 50T BRI SR 5 5 2 0 S
PRI £ B3 LA L AR A T SR S R P2 A
T, DA AR, |

SN, AV AT TR B OB R B IR JE A A S AL LT
1B 45 0 2 HR BR UAE S PB4 B £ R A O S S 4 TR B0 B
B S A A L

= XKETHE
AT A A TR R TE N BT B “ 7Bl T2 () PLIF E4UREIF K
Ta &, R 3 TRy — 34y . i THH R PR, R EIR 2R 38T 9647 T 43
M, BT, A R AR AR O TR R R — A
R B AP S B IR, RIER A T — MRS (ES) WHKE T
BTN B A & A B AER A Sreenivasan 45 A TERY RN -, &4 M F RS 0H

F AR B T ARF WS4 7, FA TR T i B R ey S 4tk [F i
i AR E A — e

=% SHRNEHERMNERAIIERE

— SN E

SHERSEER KRR T HNS RN BT ERE , WA X R
B EFR 986 AUEN B IH K 1. (1) SrEE B BR 44, Hhansy
BT IR 2 BN R R R R 2R, J5 R AT B R4 S ik (2
AR B R RER . X — R E T B R — K0T iy 4. e gl
BECRER BN AR Z LT, R BRAIETTIER RN, MRFSTARIEE
[ B/ N2 (3) REARIC R EOR A8 AR HEAT RIS, FATTH W 2R AT 34
REE AR IR SR TR ST, BARATFESERNE, BAE
TIRAERLS B S R A S T BT, At B 0o, W] DA e
AR A 4E 5 (4D ARYE AT B BOR 4REY X7 B S ISR R EUTIE L (5) 1R IRIE
ARYERY 23 Al E] (Y BE AL B AT e it oA i R UG B3 . A A i R
By ARy TR, AT AR E 2 4
S AL B2 BEOR 48000 77 5, B VDHLRAL 77 6 R SRR M B4 4R Y B T
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F%k?l?ﬁﬂ:’-‘—?hr’ei : EHEE  EIHFAYOLER BT

AR TR EEREET %ﬂ@@%ﬁ%ﬁﬁﬁﬁéﬁﬁ%ﬁ%ﬁ@%ﬁ@ &
R@D‘C’b‘l@%%%ﬁ@’“ N VN S R e A SRR S R AT B
= PR . ,

1. “BIFR” (divider) 35831

FEARTT & — 1 PR 1R e AL B R K, I«J‘%iﬂﬂﬁfﬁ-—ﬁ%
HEAREUNE AP OE—ERN e (R LB SR HERH S HE
s e R AT S EFTE R A R B TR AR ERAE X, R E D « AR B
FERAIEHER, BB SELT AN (), BB ER L) =N « e MREBEM R e,
N (e) B WTT AT AR A (4 — 1D 3R (4 — 6) SR A4 X Fhoy 3, Mg
“RIRL” 3.

R TER B T ML T B B A R4 B R e (R NR R
w22 B e WG, BB ATAI D AN T R B ¢ B9IT I RN T TR BOBRAT , B
BRI BRI '

WiZde i XA R A TR A, AER FFHE BR824 W, 3K
AHEEE] X E AR BN BB BT RE , e il 281 PR AT R 2
T SN AR EEENES O LR L, XM TR AET
T BN,

2. “FF7” (sausage ) G

X IETERE LS B EAM. ﬁ?ﬁ%@ﬁﬁﬁﬁﬁ BEW R (BEI R B
FBAL e 1 8 X8 G — R FB —HE S 26 (93T (tape 8 strip) , i B F
AT AR, HEAF T RBR LA 2e BERTRERE R R ERKE L @ B e, WL () A
L, AT A= — D Bt g RN EL, B TRRENER.

BT EREE S, T AERFH R a7 R &h —#, A 30ER
Wz N EB” %
| ETE ENER, SERERN BRI L, LERE LB RE VPO

AR « B E, XA ARG R R E T W FREN 20, WA H
EWTHMEENE NOOUIGRENEREBRELD, LR NGE) = 2: « L),
Rk, A AU — D HX U — 6 FH & 4 4E.Sreenivasan
Mencveau (19865 B R b Bl B F / 360 35018 89 445, (B0 & BB 5t
FRAMHER D = 1.33 £ 0. 15,3X SRR P25 7 B  Takeno £ A (1990)557) H{ iy,
RIE T KGRm0

STEEREG YET EE W, X EET AR R R H AKX
BEI ﬁﬁﬁ#ﬂjﬁﬁﬁﬁéﬁﬁgﬁﬁmmﬁ]@wﬁf**ﬁﬁﬁ

“ﬁﬁ-;” £[38 40]{55—56]
RERE S AR R e WIELTEREIHSIEEE (50, TSR ET




ke T BEE RS R BRI

(b AR SR BT S TR o BT & TE 979 A B N Ce) . ek B33, 7E JE 2 b
B S AR E R 2 (/A 4 Rk S B A, BT DR
(4 — 6) B3t (4 — 1) R4 EE, X F T, #R“B & T 3% (box counting
method) ,

Yk B A B E S AR S0 AL ST E R IR TEE T () B
b AR5 T 25 A A 36 H A PR R

CARAGE FF 47 815 08 T 0 L A5 A A B 44 B L
Prasad Al Sreenivasan (1990)055) - BLR HLILIETHFT T IR0 / SRSV R 4 4L A0
&,

EE L RATEINH, R T TR~k WF 478 b2 18 AT 4

S AT SEATTTAT , SR 0, WA B A R TR

X

|
]

H
L)

I
P11

~

1 11

(a) (bI)N(e) =73 : (eIN (&) = 48
B4—5 RYEET ZRNET‘EEF LAt EREatks

E - 5)(a) BEETRNIERE o) FESRE L. BES RS
MRTEEFTBGRR . BEFEH NG = 73,384, BIEFIEIIER B R 280007
AL BATRI, L RIAE R e AKE, IR BERESNER NG HMERT —&,
b, MG A2 AE VT BEsE R /D . BN AR R R B B E T EL A P i H 7, 7S
Re RBEHAYEE T & UBUE I — F BIEF 7 . TORAE 7 s 2 2 e
FBR e B, RER AR,

WAE, IR IR T B —/NER REREHIEFE
R S OETEAEEN R EFEE RS ELERS, mE U — 5@ fF
s B AR ESRWE R, (S A EFEHRENIE S ERE, B SRt
£ IR BADE LSRR LN T AT HT BN EIE RS AR T, H L
Re BUFER Fovk RSO i El i S 0 HIE WA A1 8 T e R
RILTEHHE N(e) = 48, X MES5E (o) B HE MBI E 3L ENMEL X
RO S H M E B E T B R, BT E A T AL g B AR
BB T, A BEER X PR AR Koch fhze pEATI B, DA
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FERERELEELFAE ' BHEE  FEI R0 LN BT

1THE
— MERAFELE

A RIE ZE S AT R A 4E AT I B AERL A Ltex 151 (Y B AR MR GAISUN
ek BT R R SR T 16 {UWifFE%5 Frame A F1 Frame B, R[4 R4~ 8
FE M AESS  Frame A 4} HIGH ] LOW ,Frame B 4}5% B1 #1 B2 . H B1 HI B2
A DA B 0 P X — 2L B T S B E S e BL L HE
B2 RAEEHIE T, HFSAE TSR UEE S, A4 BRI =EE LM
2 HEAREN . B BRBESPRR 512 X 512, IBHMAH CEERE.

TEEZLBEEAR, BRE LSS E (pixel) AEATEMETLATE AR
. HFETMREERKAE T MEARA LR EETEAR, F TR L. H
I, ZERIE LM MG AR FIEMARLE FE, S22 RPREEF X
(] TSI R P LRI DAGERR K 5 T AR dET 2 A1 B L B T
AT . | _

EHE—TSE R Ya T o™y E X 3Fa T D fEEFRIE
o — B JHRAKREL R AT (IR FE ¢ X he BEZES S HBAJUTH
F D) FH:

v(D) =7 -9

XEEAHE B L) = N(Ge) « ¢ AfFRRA:

t--D

L@y fﬁ — Gy, (4 —10)
BILG) S
L(sj = K/ (he)¥ ", 4—11)
K HHE.

T A AERLEN W — 1D A HETE, S E f /D T R E
D fit, % : -

M . M M
M Z[IgL,»(e) s lge | — Zlgsi . ZlgLi(s)
D=1 —= = =

M M 3 (4 — 12)
M ED%EEJE - [Elgegjz
i=1 i=1

:EEEFM ﬁ@ﬁﬁﬁéﬂﬁsl = 1,2, ,M,
ME(4 — 12) FIRUE S, 445D 5 Jooe, Bl A X & D {E oS,
FrLk, = — 11) T BA.



WS TSy s AR BRI

|
|

i
;

L) — Kel™®; B | (4—13) -

b K = KO, A0 A L 44,

AT KRS ST R R B A= A AR £ ——Koch HIZR,

HEMEDEM L, RIT I EH 404 Koch B 5 AT >4} 4 1H Da = logsd(= 1.
26186---) , BRI EDE M 2 py3IE 4 B ET R 1.

G, L —F Prasad Hi Sreenivasan (1990) SR F“¥r &7 fA R B
BIE“YET” HIENE Koch fRRHZS. MEU — 6 FiR, 2R HBETF”
PR RSN () SRR e 3R, BT HARIE N — 1. 1230, B EFER U —
6) FJHI434E D = 1. 1230, XG5 5P EHZE AD = |Dg — D| & 0. 1389, —
AL, XA EEN K AR ARSI BN oS R RS XX E &5
e, RS L, 5INE | BAEE . BOENR, “Sa8T” BT
BAE 4R Koch MIZAREN . X — SR 5 RIS R a g 3.

H i, AR HBIE & T 5. '

10000 == R T P ==
1000 o
= 160 &
z ;
10 ¢
1 R : ; L
1 10 100

€ {size of grid)
BH1—-5 RBET" ZNE Koch fhtk

B — D REEBRT” EMNEER(ELEERALER) . UBHAFRLEE

AR B Z AR AT R B P EERE, YRR T e

REFEAEIT L) BE c RURICTT B I, X A0 AR SR B E SR AR A &
BEAHRE, NEBSEH NPT e ZRIFMEM AR R E X B4
[1,90](Koch ffi%k).[2,40]C(E £k #[2,50]CHD , PS4 pixel, [ Hi+EFE
HR :Koch BHERAY M 4ENIBE D = 1. 26195, SEUREA BT . & 4 [RIAN 43 40
RAESHI D9 0. 9637 H1 0. 9742, FHILHHE 1 4 b XM EERE R T2 00, [ H
AN RE A — A TR SR T R0 2 MR -



kS TN T

10000 ¢ -
X A OKoch Carvel.
i O Line :
3 1 & Circle
E "1.261.95
& " Seaae
S 1000 poo D0
"'] D ] : muc e =
L D=096373 | i
100 — ‘ :
1 10 100

€ (size of grid}
B4—7 HBHBELE“BET” EBEKoch ghsy HENER L

= SN B R RE A

3, B E R AT AR P SR A %R P oo /A RS D
I B TR BT T S TR S

ST SRR A A I B A B, ST R AT R (4 ~ 13) WA et
BT S I S X D = A M S R ZE A U P T E A U
REATIAE E A RN B

1. HEEMERTEEAE

G S A ) BAHL (4 — 7) EPEIB#Q%JE@TEVF%
SR A E TSR L R T4 T B SR e SRR 4 T M 7 W
PARBE G S By i TS AT SR RS R G R, I REE LEHE
RSO  B5HIR Koch 145, 10 R B2 BT MR IR 4514

2. SEER TS AT

B (1 — 8) RATE A AB JAT 4 AL MBS 500 B 00 B [ (4 — 8)(a)
r, FRSECH 3, 7 (b) BSR4, A0 4 SR A 2 i B
T ORI R B = S ATV AR L R S ZE B T E S AT T B A A B
IRBAT 4 S B2 S — 3 A B, SRR AT L, B R 24 + 0.
04,

(a) )
BHd4-28 BHEATENTD



MERPTERIEGE  BmE ERSROS SR

=% EETSARTIE B

EHRZES W9 FfH BITUFRA T A8 PLIF B AN ERES RS HE
TS SR A BT B 4. (E QT 48 & 09 AR RE, X B A BT &, HOUUH
(grab) B[EISERS LR 1/24 %0, SR THRUGVLN IR E . BT, e iaiE
ERTEE R — R AR LR AR R, Ak B R SR A
R ESWRESNME, INCRESER B R e ni & AT
FEAIRAE B S5 . JCHRIS6 ] PR E S IIn s B = R EEAE 0. 8 70 / 7, HhA
BBRTE Sy 1/24 #5857 PRARMAILTE T REBUOE R EE S B
[ TEHE A 1/1000 #0 (B2, MiZFEEBN &2, F50 0484 B4t 3wt [56]
Bk

BE 4 —1 PLIF SAKSNESNABRES (CHEL)

B RED 4 — D BB AR R S, SH KK B R 255, Je4t
MIXATKEE N O T4 B o, FA 1B G 2 ewR(54 — 56 ] AFRESE MBS I8
BHAGRR / ERRFED , R E SR LM% A RSB ESE T
B AR B 3T MR AT A TTRE RS 09 o7 e, A SOl B iy 2%
WSHIIERAER” (43 2, RZ SCER56 ] (VI “Y 48" 4043 4Er e 7 “ 55157 1y
FHE.,

— 48 —




kTS Y o s FEE VAR B AR

HF ARSI RTIEE AR, A3 / dER R A W e —EhEE 10
— 20CIKEE) Z ] A4 F 0. 04 — 0. 1C,(Co MBI D .

£~ D HERERSE A AMEER, uow i Re 2 F GBI RY B R
A Bk EhER B & O E R (= dowo/v, v BAKME SR RED Ax, Ay I NEIR
BRRFKT S AMEES MR ESHE, NS RTARGTERRE N
#£4— 1 AHUEH AR B/NE R P 0. 14 X 0. lmm/pixel X5 -
Prasad F| Sreenivasan 7E CER[55] FATH M MEN R EZ A HE 0.5 X 0. '
smm /pixel (SCAR(56] AN HEE) Al Takeno 45 AESCHRIS7 ] RIR RO PR
0.277 X 0. 277mm /pixel fFH, ALWE R LN R RAHFRLBRN .

MEU— DR E M, A E BT B B R do 2 6mm (I BT
BT

F4-1 TARRIPEAFRZEBIHARERASBHESR

d u u’ Ax A 37
No- mron crno/s em/s Re mm /pixel mm/Zixel gj;h* P P+l z;
1 B 75 |[11.32] 4550 0. 14 0. 19 12 1. 429612, 42961 0. 9059
2 6 75 |[11.32} 4550 0. 860 0. 43 38 1. 4952(2. 4952 0. 9347
3 § 75 |11.32% 4550 0.70 0.50 43 1.5153|2.5153|0. 8387
4 6 75 |11.32] 4550 1. 05 0. 75 45 1.52272.52270. 9123
5 3 204 |36.72| 6200 0. 42 ¢ 30 67 1.5883|2. 588310. 8508

s TFFTIX B P AR b T 0 MR T B2 A 200 1 B T (/)

H4— 2 No l EAAFRRAOSLNBLES

X /dg | D D+ tHRRR
0. 84 0. 9981 1. 9981 0. 9676
4.1 ‘ 1. 0592 2. 0592 0. 8580
5.5 1. 0686 2. 0686 0.9151
10. 2 1. 2639 2.2639 0.9472
12 1. 4296 2. 4296 0. 9059




WERETHELRMRY EEE AR

— HEARRENE. TFERS

A T AT, [ (4 — 9) {ULEAH T No. 1 Fl No. 2 BilEARRIR R
MBI EI SR A A I B RN DR SR s e - R E
B AR, R4 — 12) TR ESHED,

No. 1 HI#% ¢ 7F 8 — 20pixels (1. 12 — 2. Smm) 5[ N4E % .D = 1. 4296,
[ A2 E N 0. 9059 No. 2 HHREE ¢ ¥E 1 — 5pixels (0. § — 3mm) 5 B AW 24
3% .D = 1. 4952, A R %N 0. 9347,

23 ] B AT R M E ¥  F i Wygnanski fl Fieldler (1969) 5=, F L
MR ST SRR EA B R MBS RE A = 8. 9mm, fp KBTI RE
A = 3. 6mm; B KA FFERHKERE N = 1. Imm, B RFERRERE N =0.
85mm ., [EIH, W RAA K, SHR A4 R EER b T IS S 20 REM# R K R
B CEAB AT E R I B A AR SE T — R

F34h, F 41 R IR O A U B R 2 55 Kolmogorov JUE n 5 92 B1,
R LIRSS AT n 2928 0. 044mm, XA RUE ERKEREL/N—TEX.

ZE No. 1 e /NF 1. 12mm (8 pixels) WEHRPIE A 5 HLHE, 44D = 1.
1603, 2R El 0. 7464, IIA (4 — 9) FBLRTR, MEREEERN 0. 14 — 1.
12mm, g1 FRXATEE R ER D, T LR R BRI PEE /AT —&, X R
EEEETEATE, A SR SR X ECEFERSNEN PR,
PUESE R E /N RE .

10000

[ave]
faNodl

ah A S
8 : AAA%A
= BRIy Gy
o B O €) T
S - 9%o
100 H o P N L 1
1 10 100

€ (size of grid)

EH4— 9 No lRMNo2EMPRSBRRELER

— 50 —

ST




BT (i L mmE DN RS

Sreenivasan %5 A (1986, 1990)C %1 @t ¥ A B VI R EE SR . FE B
FAE S BREHT AN BRI E AN, RRSEFER TR PR R
£ Kolmogorov REZ HIFRA K X, 4r4EH 1. 36 L 0. 05, X MERIEN BRE
BTG A PIE T K olmogorov ] EEF Batchelor RBZRIFRA B X, 0458 1.7
+ 0. 03, Wi+ ! ,Sreenivasan £ A ] PLIF ${ AR S KaHEN 0.5 X 0.
Smm /pixel, 35 B 6 43 FF th 71 BT 9T 55 B9 5 U Bl 22 9 Kolmogorov AL (£ 0.
15mm) B RS ERR RT3 T RS {HIR (Taylor’ s hypthesis), FI ISR
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