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STOCHASTIC MODEL OF BED-LOAD MOVEMENT
IN OSCILLATION-CURRENT COEXISTING FLOW

By Hiroji NAkaGawA, Tetsuro Tsujimoto, Hitoshi GoToH

Synopsis

In order to explain the bed-load transport process by water flow, stochastic
model is one of the useful methods which can describe the behavior of individual
particle of alluvial system.

Most of the studies of bed-load thansport process by stochastic model has been
carried out only for the steady-uniform flow. But, the effect of flow unsteadiness on
bed-load transport process should be considered in some real alluvial systems. In
this study, stochastic model of the bed load transport process in unsteady but
uniform flow characterized by oscillation—current coexitsing flow is proposed. And
then, applicability of the present model is investigated by experimental results of
bed load behavior. Agreement of computed result with experiment is fairly good,
and thus the unsteady uniform alluvial system can be described with the aid of the
present model.

1. ¥

il

INcB I 2 RGNz oESic oV TIRIhE THHRTF LAV CORPIFORSIZ B E LicEL
OHFESTbNI, &L CHDERROABRZOXRBETH M4 OWNFOEEHTH S L VI BRD S
e ok FoESRERCEB LAERVERsh, EFERTORDESZ LR & L/ stochastic
model ItES { HBPORTHOFEAL LTELH LR TVWE, BEEBRRIIARATHRERNIT <5 £ -
SICKRENTVWB NS, /¥5 2 —F ORRFEMHAHAAD 5 stochastic model (FRBPEHRDOAE DL
RIHRBEFREFES ENTE S,

I h % TO stochastic model i2 & 2R IIEFSFHENRE LTHED oh, EEKRBEIREST MK
H1LR SN BB IETEM0TRe, WREORERELHET 2BoRPOENERIc L TOEHE
BIZhBATS K ASTIREE 75 - 1202, T L 725EK D stochastic model IZEFIREA TR & LT LT
BRI TV, EHRLERMICERTLrSERIMICEEE TH2 L 2EA 5 LM EICE
BEX RO T FUEKEMICHIET A NETHY, KRN stochastic model DHEMBRIBRRE & LT
DY L ic BB h# stochastic model BUKETH 3,

PRLESOIEEEASRY 3F & L TREDERSET Sh 3, BROZBRLEL OWPRFOES)
THEEATIEDHROFDHRLE—TH Y, 0oL SHYER EEYVRRIKERICEAS N
stochastic model ic & D FE—PIciEREh 3 2 BB 5,

REROENEEICET AMEDOE C IEAPS VL R—AO net 0ERREWRE LI SDTH Y,

_1_



596 FARKEAESR $335B-2 F2. 4 (1990)

KLkIC BT 2EDEOE A OBHRAI O K- HIER, BRIV, BB 3RDBROXK
{LoHRIF & LTI, Sleath® o X 33RE + L 4 2 AW/ EEPNRDBOAMEBIZEILOFTHIVET o0,
(1) ILEREIMEIC B 2R ROBE LM, (i) KPEOE -7 OFRED € — 7 iXxd 2AHOESLF
OEMABVWEEATVS, FIUT « RAYIC XV stochastic model DFADESL SN TWE, S
BEE LD 2D D stochastic model DEZ 5 Z R & L 725 RbOD stochastic LEERWVETT- T,
BESTOVBRODORKHRE L BRI ED MK BIE L REBHRIBI DLW TREL, TOBREL
CTEHAPREEREDERS X CBRENBHDERZRBL TV 3, IIT S BEERICE T 2 6HEHO
pick-up rate & U¥ deposit rate iz oW CEERIIMET 4TV, pick-up rate, deposit rate HAAHIC & -
TARELZEALL, BERIEAIEE B E SHLB VBRI N TVA I LE2EHEL TV,

AFE TR, BRNC—ETHEMCIEERESRABICE T 2R FOER) % stochastic model i
ko T—RHICERT 3 LB T 3, THRLDL, KK - —HERLERICE Y 2 RRNTFOEE)
BT A REBRAE L CEIMCEEERRNBIC BT 2R TOEH@REET L, pick-up rate &
moving period ZHRER & L CHiileh L cEB & h /- stochastic model DIRENHE « —H EIMILES
AQFAMIZS>VWTRITTZ 60 TH 5,

2. ETEHABEFTIOIL—LD—Y

pick-up rate & step length &5 SER BB E F Mz kD, pick-up rate # A1 E LEWEZHT
LT 23—oDYRFLELTRIEEAIEL 2 &, RYRBOBFRI/KERICNT 2 ERIHEAERZBE
DoOBERICHET B 2 LM TE D, ERIFNICHE—R - BENICEE LIRS ORERO 0 L TERVL
WETHERDEF L E LTSN, EESV2INEBFRRDERKR Y deposit rate ZZhZh,

220 :% j:Ps(x‘l) waa(ﬂ [ OO )

2,0 :J':ps(x_l)fg(,] | AL +werrssssessnsansssssnasssssssns it s @

LEbSNB, T, Ay Al 2005T, 3KTOBREE J IBNTFORE 500 @ HMEx
1213 % pick-up rate, fz(n|x) &, A x T pick-up & N7-BPHIF D step length n ORERFER
¥ThHb,

EoiT, EREMBFE—BESETREIEREZVEAR, BHKGREREIETHEEERL, step
length OHEREEBIMA PR FOBEBIEMBICHAE LBV, TOX5BHROKGBMEFIZ, EE
BR « BEIREET TROBAPBOLLICED 5h, T Ih HBBRBIAIICHY 5 ROINEINEM
BLEMTED,

—%, R R—T, EEEcEEEREsoREERE, RO, @ EEEhLETREL R
RTET, K%t TOBRERRDER UKL ¢ TOBRE deposit rate 3Z N E N,

gz(® :1:14_3? J:o p:E—Du | t—1) J:QfT(( [ £—T)AEAT «wvrevrrereeronmmmsnsesiersnnannannns 3)

pd(t)zjomps(t_1>f1(r 1 t"’l’)d’l‘ o (4)

ttd, i, p.@® 13, Bt @ pick-up rate, fr(¢ |8 i, B4t IC pick-up SNicPRITFD
moving period /8¢ TH B HERHERE, (¢ t—0) &, K&l—7 i< pick-up S N icWRIF O] 7
BOTHOLLEL BT IBEHETH 5,

_2__



Bl « ibA - PR - IRBNHE  — AR T ORFLRE OHER € 7V IcBd 2 5 097

RNV TRS &, ZHEFIC—# « BRMICEEETIBA ORITEE O IR T OMEIHEE 1
A>T BT, ZEEANCHE—H - BRNICEEZIESORRBRLRE - HRB L L - TV B,
deposit rate RicHBWV T, ZEHENCIE—E « BREICER KB4 ORFHERE & RN IT—8 « BN
WIEEEIGEORRARE REROERTERES L, RiE O step length 25#%F D moving period i2
MHLTW3, K@) BE4ET, Kl LOFEPERADBRICERSN, A7 L—2a7 -2 0SS
Kiksh 3,

3. EE - —ARRRFEICE T IRFARCHT IERNEN

3.1 ERBROWME

BRI 3 — R THEMICEEE ZBoM & L TR - — AR ESE 2R, Fig. 1ITRTT 7
YABRIOENR UFERBFEELRVC, REERCET 3 ERET - o EMETHVIREIRE
Biclt, —AREsEETZ IR E TR OROREAOSE ISR TV S, BH, —HEEZE
EHEBEFHETER X 7h oSN TE Y, Ry 7OEERKERRICIIEBFRHBERSERS N
TW3,

FHAXRE, AKPEBodhg 80 m DFEIRXE] (WEIZE X 10 mX 1§40 cm) O FFPRORKET, T
T 20 cn D XFE I HERFEDER T S W TH VDR FOREEH VTV B, W HBERIKEO_EI 3B ]
fELL-TWV3,

R FoBEkRE, KEEASXHYCCDA A s2HVWTEFAHBE SN, BEIIKEBOE 40 cnd
PRI 20 cnDFSHT D>V TITY, HEEOHEN S 2 - EBbh 27 10 a0 O TFiIWE L LI
W& Lk, BEANORBERXAEDORIZhERD 20 on X 20 DR TH 3,

EEiE, UTIORTIEFTED Shis, (1) BEKEICHR T 2B EEDEET 5, (i) ball valve
ZEADTHKL, KEEEZFTET 5, (i) —AHRFEERL, BEEEHBL, ball valve 2B TIREH
ERESE D, (iv) BETIRNTHEL SAIBEELD B, (v) BEE BIHFEcMOSELTH

ho- 30 - BALL
VALVE

[ Unit : em ]

40—-1

VIEDO
CAMERA —
EH§§§§§§T
B+

HONEYCOMB HONEYCOMB

1

.\\\\\\\\\\\\\\\\\\ ;s

FIXED ALLUVIAL FIXED
BED BED BED

WORKING SECTION
180
— 1pump |

W
<

"

Fig.l. Experimental installation.
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Tablel Experimental conditions

Run H{(cm) ufem/sec) U,(en/sec) U./u. T(sec)
1 7.0 18.0 32.81 1.82 4.0
2 10.5 18.0 41.01 2.28 4.0
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Fig. 2. Time series of velocity.
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Fig. 4. Variation of the pick-up rate and deposit rate during
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