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LAGRANGIAN AUTO-CORRELATION FUNCTION IN
TURBULENT SHEAR FLOW

By Yoshiaki IwasA, Shirou AYA, and Shinya MITSUIHSI

Synopsis

This paper deals with a longitudinal mixing of particles which are instantaneously released

in a bounded turbulent shear flow. The movements of particles are described in view of the
Lagrangian particle analysis. The similarity of concerned phenomena to the turbulent diffu-
sion by continuous movements in a uniform turbulent flow is studied. The discrepancy of
two phenomena is also shown with some discussions. In the mixing the Lagrangian auto-
correlation function plays the most important role. Some auto-correlation functions in a
turbulent shear flow are introduced and their dependency on a released position and travel
time is discussed. The discussion gives useful information of estimating the Lagrangian
auto-correlation function in a turbulent shear flow. Finally, the model of the Lagrangian
auto-correlation function proposed by the authors in the other paper is referred, and the
general features of longitudinal mixing given by the proposed model are compared with
the past knowledge experimentally obtained.
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Fig. 5 Movements of a particle released at a point x=a

Pricrsha ki, HAKENSICEG 5 Lagrange BB CE.), by BIGBAFH L 5~ 4
LOEREEDIC, FROWEMIC—RRICHSST Lickh, MRS y=a o 2EEREZ L, [0.] 1€
WEL TS CEMligEh 3. LinL, ZOMREER, BN TOMEN~OEB0EE, SANETKE
OF—HUEORIIEETZHDTHY, DL S uEHSKICH T 5 Lagrange OMBEEROREEICEET
BLENH B EIRENT

4. 3XRABAMERBCHITZEBEARETILOBE

FEHOI, KRLTHRET 3L S RANEABICHIF 5 Lagrange OESAEBKIcOVLT, B
BNCERT 2 & & bIC, BEFEREZTEY, UFOLS RElEHL M L2,

By (0) = [T = [02] -1 [02] 4 [0]2] erreevrseserermrenenmrusssnsmsiesiesincssesesieseteseseseesesnas un
B PO P TS
Toe=patt ot pm D “®
Dy =01 T [VZ] Ty [0 T} wevevereerssresssmsnsseisssrssssscnsssesenenenesses e setesenssneneens “9)
i,



Bk o8 = ¥ ANEREIC B3 Lagrange HEIEEK 425

71 = A §azaa
1=+ {u2da e s (50)

=1 §@-uyaa
T,=0.72 d/ux

=L & )
TEE Todiy | e D

r—_1 (B/2°
"T14.8 6.dux

TH5o

¥fo, BANISHBEEKEOE7vELT,

B, (r)=[—% ‘E[v?]exp(—%) (F=f, 1y I) weeeeesmmesmenseesn e (52)

ERE LT

LG OHEBGOB Y & MOV TI, EESORE KBICRE L EBDTEY, FRITR,
FE O OKBEREROEBEIC, BAMNRAy - Ts, HOMBERN B0, BLUNBEEK D ©
BHEIC DN T, K ORFEISHIES, (Ekp 5 DMRE L DRIV TEN S0

7%, PEOSRIELT, FHEE {3, Buler MBI B 3HHNLANIC L 2RI, v 13, KR
FRORFTREOE—REc X B RIC, 113, ABIRH ORI TFTE O —RIEC L SRICHEL
TVBZEZRLTV S,

4,1 Lagrange OFRNEE: [v'+7]

Lagrange QILNBEE, UDROLSIC3EORTRINABY, RIEEHREOMH—REILTELT
W, Boiie []=[01=0 THYD, T, BFEEHEOKEFROMGTIKEESIC—HE 2R
TN TR [vF=0 Th 2o

BIEDK & S ICoNT—HICE U s & RBHTS 5705 B > OEBRERY 23R, [F1/w~
1.0~2.0 BEOETHY, 7, RAMSEITHZ, [v2]/sh=6.25~11.0 BEDHETH 3, [vF]1/1
12, EEOOERMBEARICE TS Euler iaRlERR 201, 31, w71/ us~10 BEDMETH 555
T2y bk B/d OBTH-T, TAN, PHEOBKELLBE 2RTMICHRL BFRB R E B,
[02)/d% AT o 158, BRENICHT ZHEREERORNY TR, BRAIICENTS, ZHOH
<, [0/ 4 BB L SERT 3 DTRIEBNT EPSMENTN S,

4.2 BEHBERy—: Tso
UD)RIEHENB LT, WAy —v To i, BBy —v T, T, T 2EEARS [P 25
HELT, BAOXEH LI ODTH B, Fischer ORE"ELID, 3R AMELRBIC BT, B
ABRIR Sy — v Ty(i=t, v, ) SRR —v Top 3, BIS-7HEETHY, TOMB—HLEL,
GDRRBONBLHIC, UBRAUEL, H2HER, KE 4, BEEE v ORKEEIONEN B
3L, TR/ M B/d OBBTH B, TANY FHOKEVEROMARETI,
T>T, T:
Thy, BIFEHEMT B, T, WOALD
T‘I>TSL
THbo



426 AP KAATEH F285B-2 (M 60. 4)

4.3 SEFRE: DL .

UDRicHh oz X510, EhmEEFLL, Euler BRI g 2HMENC L 3T (HUE1
), REFFEEREMIOKESFROE—HEIC L 33 (GUF 21, 8L, RETTEEHES 4 OKKIE
FROIE—Bic L 25 (ELEIE OMLSE-TOBI Ehbhd, BER, WINd, ENHX)
X (BABER Y —v) OBTHERINT S, 3SRTHAMEFRIBICBOTIE, 4.1, 42TRINSLS
i, [0P)/us OESZ, ZREBERESVSOTRIEND, T B7TRAXs PO 2RICHALTRELHS
R, 2RTEHAWETB OSBRI HBE LT, KEHMRMRKEL Do

¥ 7z, Fischer HE#IAY7L Lagrange FZR L DB ABEROHEEARD

_1( . (B2
_ZS(” RUCES v w Y

TR, BARMR Yy —n Too LBAMEAr —v T, CRABHY, @OREOHENSEBHOINELS
I, BRIHEMBEELSC EhHigEh 3,

4.4 1RBARA%RS: Bi/t
GAXOEEEASh s & Hic, HEEME 62 13, 1=0 T, dixt, >3~6)T, T, doct DEFKHSH
D, WA, BECRET 3. Chid, FEoWERNTARICEY 2 Euler BRI HERIC S
WTHB MR Ic—HT 3,

U7eti=>T, KEERFICBWT, T4 ¥ MER, V—F VECKDDRFRENET 280, #at
15 BRI IC R B3 2 4518

>@3~6)T, or x>@B~6)T,U

BT ZHEBRROBITICE SRR 50D, Thid, Fischer ORUAERRA ki—HT 340D
L18Bo

5 i R

RSO AR ARG, KEFRICIE, F—RTH 58, RO 3—RIBRTHEINE
HIL 3 WOTHI R ABTELIRIBIC B30T, BERRICTER & U CTRASOERBE ORI MOREAIC 2 0 T
Lagrange MiCiR U7co BoNAFELREREREE, ROKTH 3,

D NRETIEAERL, Taylor OFEHEKER &R HEICL > TRITSN B, 7271, Lagra-
nge WELNZ, BFTEAIEONGROE—REEZZE L72dDTH Y, F72, Lagrange O F CAHBIEH
DN THRDTNIE, BIE-bDERB,

2) TAMETSICEY 20 Dh0 Lagrange HEBAMER L, ZOZEMEENE, MEBRRKICOOTSH
U, DOEFOTES 2 Lagrange HEEMO A ORI DO THR~ K,

3) FHODIERDT B Lagrange BB E S VT O>VTEN, BEFAHLBLNIEIREER » —
o, BHSEERE, HEMSROBTICOWTE LD, Fho L, HEROEBIRE, BRAKERIDE
SR TV 2R EDBRICDOTIHRN T,

g £ X W
1) Taylor, G. I. : Diffusion by Continuous Movements, Proc. London Math. Society, A20, 1921,
pp. 196-214,
2) Iwasa, Y. and Aya, S. : Lagrangian Characteristics of Longitudinal Mixing in Free Surface
Shear Flows, Proc. 21st IAHR Congress, Melbourne, 1985 (accepted).
3) EEFE M SRER - ZRMEBH C TWIIFE: FANAEEBICB Y 3B48% 0 Lagrange 3 =

—10 —



4)

5)
2
7

B e B =4 R ANTERSBIcE) 5 Lagrange HHBIEIH 427

V—¥a v, FEEKEN K RFERSEHSB—2, 1982, pp. 573-583,
AR o B ShAD « FETFA : BUKBIRNIC B 1T B OHARE,  FESKES KBT TR 55 26 5

B—2, 1984, pp.455~460.

BFEX: BN 2ENOEMEE T 257, FEAFEELR 1980.
EAFA : BUKBIRTIC B 2IRAER & SBEBICET 2 BB, FEAFELRX 1983
Fischer, H, B. : Longitudinal Dispersion in Laboratory and Natural Streams, Report No. KH-

R-12, California Institute of Technology, 1966.



