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STUDY ON SUCCESSIVE SALTATION IN A WATER STREAM

By Hiroji NAKAGAWA, Tetsuro TsusimoTo and Tsunehiro AKAO

Synopsis

In order to unify the theories of bed load transport and sediment suspension, it is important
to investigate saltating motion of sediment particles. In case of sediment transport by flowing
water, successive saltation appears and it is composed of irregular individual saltation paths. The
irregularity and the succession of individual saltations are caused by repulsion events of saltating
particles with a sand bed. Considering these effects, stochastic modelling of successive saltation is
tried in this paper, and respective subsystems composing the model are inspected by some funda-
mental experiments using a film motion analyzing technique. Moreover, a series of numerical
simulation of bed load transport process is carried out based on the proposed model, and the
stochastic characteristics of individual saltations and successive saltation are inspected. Vertical
distribution of existence probability of bed load particles is also investigated by this simulation,
which may be important from view point of the objective of this study.
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NI TCERDCRBHIN TN LDY £B8FLLTTTE R, RETLZORICHBIhTH, B+
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LT AT, BERWIEERTO saltation OEHAER S, HTFETbHOHRIOEHLHTFOREKELL%E
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hn(v):go(f)'{E[H]/E[ﬁo]}/|d”/dvv'o| ............................................................ (14)
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8T, —o0 saltation O#E WFOELEHIOR -
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Fig. 3 Some examples of conditional exi- Fig.4 Normalized expression of conditional
stence probability of saltating existence probability.
particles.
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Var| y]: HEBIORAHTH 5. CORTIR E[y], Var[y] I hizghid () BEELET, Th
SHHFEHZOHDEEDL L TN ZARDVTOERNBAS SN TH RV IHDOEROR/ETH S5, —
%, #(16) TRAAOHBES—BRECEELB BB LEY, RA6)EbE, KARKKL-T E[y],
Varl y] Z8t8 L, ZhZRAVTR () ZR (1) DHEMUEELZOBER LELONS,
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Varl 3] =S: V() dy— {S‘: ) dy}z ........................................................... (19)
P& 6, D475 % Shape parameter ¢ r @ gamma 5345 & UCR (1) ZHBLER (Viav—-va Vi
TEHE) £R(18) LUB LoD Fig. 5 THEOMICRBHFTH S LEXL B,
Dl B BSEE L7z saltation OEBEBHFBRICS ESWERREZBHE LY, ChoBEOBEREE
BRERBLTHE00ERFTIERTABERET -2 LZATBERAVLBHERERTREPED
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5.0 5.0,

y/Ely] E[Va]=2.5 y/Elv]4 E[9,]=2.5
4.0 r=7.0 4.0 r=5.0
3.0

s o2 o4 o6 08 00 02z o4 06 08 10
P.D.F. P.D.F.

Fig. 5 Comparison between the present model and Kikkawa-Yamada’'s model.

K& LRSI DORMET b YIRS saltation BABF BNV b, HFHEE, HP#EEOREVRTIRE
EOHBHRTH LR F AV ERIET 5DICKF T — & 2182 LMKV, £ THE d=0395cm
OFRKT (0/0=129) #FWTEBREF, 16mm 7 4 v ARTICLD, sMIAY7S saltation (XY A ¥ —
ADRE LSO, ARSI > THHNEE SN TORENHO) KR - THEAMM (17 -2
SE150EHE) U, SEHERERHT L, ERIES 9m,  33cm OFELRAKBPICES Sem, (&
10cm, B3 3Im OBWEBEIER, £ oMmEERREREL LT E LTTY, WEPLT 7 UZ )L L
BEAE LT 16mm #E (19303 < /8) 4T 7o. EREMR Table 1 10RY, #BYIhi 16mm h 5 —
GANBRBEAF Iy 7T U—h, Vay IFADVRAF =, =Y Fraya—i —EHAeElYRT
LTI E NI,

Fig. 6 i3, saltation KT DS 10 O HIE R UM E OB MM ELOBHLR LI SDT, HMHOKRBRT

Table 1 Experimental conditions.

RUN | 1, U(cm/s) | h(em) | R(cm) | u, (cmfs) I | Re,
C-1 0.00200 22.10 2.60 2.49 2.21 0.040 87.3
C-2 0.00200 30.15 4.09 3.67 2.68 0.064 105.9
‘C- 4 0.00200 50.45 6.74 5.24 3.21 0.092 126.8
C-17 0.00143 42.63 6.39 6.16 2.94 0.077 116.1
C-10 0.00333 71.15 8.68 6.47 4.60 0.188 181.7
G
RUN C-2
MST

RUN C-10
-1.0

Fig. 6 Individual saltation paths.
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Fig. 7 3T hZTh o saltation it DT 8, LOHEHBOEBRILE EOBEBERARLSOT, Ry
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z e - c-1
£3 —
g —
i @ 7
¢ s 0% g
5l gwe .
Rossinsky et al. 2 ° ) S|
odleem 3 E ]
ad0d o g |° Y-
| ool
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Fig. 7 Characteristc quantities of individual saltation.
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o
o
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Fig. 8 Relations among statistical distributions of characteristic quantities of individual
saltations.
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WFNEREF AL LTEEDHTOoNS bODORBRE LTRAALHESMELH S LHUBLTRNIES 5,
%7 Fig. 8 1C13, o D4 & & &Il 57 saltation B RS BRI NI BBERRRTRE
NTH3, ERF — 2 ZHBIE saltation TR - TR I M IOEOEEL SRD SN TEYD, L
Mo THEHZD S DOOEEE NN, BT — 22 08BHROSHHNSNTED, FETHERALL
AHHOME (X (14) ORITICRFEMEZL D, 2%, Fig.8 H1, ERIJJE I §o ONHICHEET S
gamma M ED L, BRIZAEBNTR ()t - THEIWABRROIHFOERBEHTS 5o
2 5ic, Fig 9 KRBRERICIIEEAT S gamma HA%E o DA & LTEAR (16) £EA Ui e,

4 1
3.5 F[VDFO.S .57 E[Gn]"'o 3.
re3 r=5

3.0 3.
RUN C-10

Vuy/Elfis]
Yazy/Elfig]
yu9/Elfg]

ol T T T
0.4 0.8 ¢y 0 04 0.8 1.2

#y,) © f(ya)

Fig. 9 Vertical distribution of existence probability of saltatinf particles.

16mm 7 4 v s BIFICE > TEOWCHFORERR

WENMG LB Ui, MEOEAHRBLREFLER 3.0
60 yid Flow Velocity
¥ 72, Fig. 10 317 4 v A BT IC X - TH S he salta-
tion T T 5 HIE K O SRTE ST 1A 53 A % WA & = 0 fut ¢t a7
HB LoD THB, Ritks &, Sumer 5% OF ALRNC- 7
BERD XD ic LAKDR & THREDH & O TFHEH o
B L SPRE L ~ F7EHOTRVEL SO0, HIER o e
1), (12)ORRTHTHAOKTFEHERRTES D
DEEZ OIS, %8 50, 100 yp, 180
DLEOHR, 7- s, BAMORREEETIBON, Fig. 10 Vertical distribution of :Jarticle speed
BIEFAEORYROORYENERITE > TRIETE in flow direction.
LD LHWEN S,

3. EEETO saltation FIFORRERICDONT

RbEE 2 LTo saltation BT, T B successive saltation CHEOTEELORKE L O
22« RRICK - T saltation £ VBT L TH B, D% D saltation EHRCHETHAOEHREZE, KE
LOFBEABEILE » T Zh%e Li S BB ZRT 5 ETREDY WhY B RIEEE HEREE (B
&) KREoTWBADTH %,

FIROEEIL loose WHFTHEIN, LhbdIREMNTHSOT saltation HFBET LTET%2CT
WE RRTIBEERADLORBCHOPICT B LRERETH S, LTS COEEEERLY
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WERERBOFREERA LD e T A2 BETEC LI pREN, FCTUT CREMELET
NTRHBMC S LBROEYI R ERERETT 5,
RICFRSEHTH » TOPHOMMBEOFRAKD
Hic Fig. N DX I BRERKRE (KE»SOEMA o HiFE
REH) EEETIOMNRN, W Fig. 10X KHEBER
RMEICAH LT 3 BHFOEE 0,(u,,, 0.)DRFEFEICHT S
BERAMRS, ERFRRSEZOZh &9 REZROWNT
HE v0(Uyo, 1) DTNORAZENTN &, 7 ETHLE,
Fig. 11 Hypothetical Repulsing plane. ®E « BRER (OHF) FROL > KHESRTRBIN
550&¥ 5,

TZT, 6f BUDYARAERBICHLTEEDTH B, ELFKD loose BHR, BHOMBEELETD
FERER LTS, KBRMEHEKE L TROBRKRIKD LD,

6, =arctan (7/6)— A =aTCHAN (,/Uy,) +++errereerersersseesmernsins sttt ene s 1)
8, =arctan (7]’ /& )+ a=arctan (v, /u;o) ............................................................... (22)
& =V0,2 U, cos(0,+@); 7 =VOFFU,Z SIN(G,+a) worerermrrmernn 23)
& =407 Fup? €0s (B~ a); 7/ =0e7Ftgg® SN (Go— @) -oooveveerenrrenree (29

T TiT, O,: saltation ¥ FDREH»SOMREM LA (REKROREH), 0,: saltation HTFOKE~D AL
AT, ThoOBIIEREEDMMNERRE LR KEIC
HTBLAFELT B,

2T, RERREOBESA (@ KROVWTRROK I KEL
%, V¥ Fig. 12 O L5 HAE L BAIIhERILE - T
BRANWABBHNIKELEEL, LLb2REMEELT %
EHHLLETE, 0, TAHLTL ZERRATHIREHR

X RO—D2THEH A WHETIRMNEETEZS, TOR
Rk Fig. 12 05 Q TLEHRHKFELTHIHRL,
HQ THAEZPTOHTTHRAMTRERTZHETHY,

Fig. 12 Definition sketch. ZOhTHABOES Q, Q" DEEL Fig. 12 KR HER

RTENEN (@4, b)), (@, b)) £T5E, ThoRBROKD
wRDoh B,

_d tan 4, . d/2
Q=5 (H_1/1+tanz 4, )’ b'_~/1-l~tan2 9,

=@yt d; bymby erevrerererer e (26)
V¥, HRENKSY 3 ARNBICEESER ] LT, saltation WFOHOMBBLH%E P &L (Fig. 125
M), ZOEH% (a,b,) £T5L, HTOBHEENOUBRIRATEDLENLS,

Y =cCx+c¢; }

co=(d—2a,)/2b,

c;=a,d*/{2b,2a,—d)} +(a,d/2b,)
saltation M 758k A LHET 3 L XOMTFHODER (2 b)) R 2N THEAZLNBEBREA A b
ETRERAOMALDRHAOEELELTRDSH,

2g= 3d—2c,,c,—J4d‘—(5cod+2c,)(co)(cod+c,) l

2(1+¢o%)
bo=coagtc,
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THB. COEEFMRRATORMM « REDOERKVHRRRTEHZ 6N S,

a=arctan {(Bd—2ag)/bg) v+ rrreerr e (29)
Tibb, ASA 6, &, WEENOHFHE P 25X ohs LHBREEPREIN D, LZATHP
it Fig. 12 O T-S KA LTHY, ¥R 0, OFHEHT « OMERDESILRD ST EMTED
(T,S Bzheh Q, Q" £HA:T5M A OBREER | LOXRE ITHE-T d/2 g EheBHs
@M, A RHETSRARRCHFPBEETHB). VE, AP 2S TS MT—Ram LT
Lz, 4101 OBO—REELTHL, P ORI,

a,=a.,€+d sin @,

b,= ax“(d/Z) a,+ a (%) ............ F PP PPPIY (30)

LEDLIH, Tl a Lilﬁ#ﬁ 145 Q AE5ME 0, OHE y BEOREEBE LI RANLE,
HQ AEAME 0, DEBEIER I OLED x HELLTRD SN,
ag=(2a1—d)2/d ......................................................................................... (31)

Thhbo

FROFETALE 0, 254 LT 2 HBEREOBRMA o OFMEHE LI 60N Fig. 13 TH 2, 5%
Kbtk S ICEBICHEC L TR -2 & 5 REBANSRETRTOOT, ROKXSBHEDEHEHRKL
T R ER AT O AT IR L ® 5 Vv CHRE & DRRICL 3R FEHORRAMEOE/LE OBRERIAT
X55DDDHERETICEE LT,
l:(::‘i "_?L A Saitation
(1,=0.07)

ngle of Deposit PR
« Sloue of Wypothetrcar A f 1
plan AV

£=5° i

200 100 0% 10°
fngle of Slope of Hypothetical Plane

Fig. 13 Conditional distribution of angle of Fig. 14 Definition sketch.
hypothetical repulsing plane for
given 4,.

EERI, KERBEWH ICEAE RO T 7 AR (HE 1.2cm) 2EICETERS NicER A E O EE R
TEAESE TS (BRIMNEORYEL) # 7 <%k (HRE 1.25cm) DEEHA 16mm HETHHOD
t,m¢mfﬁokoﬁ%3nk16mn74WLmﬁﬁfﬂwbtgma@UyzfAfﬂﬁén,A%
1 6,, R4 b0, WRRBKTHOMSA (=f & LTHE), HTEEORBI (0o Uy 0o Uy & 75 &, )
RUORFRGH (e=ZHE (Fig. 1481, zhoEHatnm L,

Fm45u€~&n~#@%%%%Nt@@f&&ﬁﬂ@mmﬁ%beh(ﬁ@@@%i@&ﬂ% Z o[
RERL D e=f DEERDI, AEROLS 1L HEKTI €OMIN0.8THDHY, BEKTIIEEY
loose SOFROIOEFBEDCHEENL LD EEbNS,

FszmA%ﬁ0,®ﬁm?&0,FmJ7mu74w¢ﬁmm;oﬁ&&entﬁﬁﬁ%m@ﬁ%ﬁa
DORTBERTRINTN S, Fig.16 X HiC 0, O FEMbIL L, KROEFAT 0, OFHMATO
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n' | RUN T

RUN 2
RUN 2

B o

Fig. 15 £~&"and p~7".

a ORHHEZ SN TOEDTIhEIYRAT 0, OFTi%E a ORHIERTE S,

2@={ hal0)s0) a0,

0 0 (o) 40

Fig. 16 Distribution of 4,.

Zcit, gla): a ORBEEBEK, £0,): 0, ORBEEEKN (Fig. 16),
h(al6,): 0, OXBERNTD o ORBELEEBER (Fig. 13) TH5, 20D
EAER O EERD Fig. 17 CERTREN, BRTRIWBZE
BERELR—HLTVS,
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