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MASS TRANSFER PROCESSES IN OPEN-CHANNEL FLOWS
By Yoshiaki Twasa, Shirou Ava, Kenichi Fujita and Takashi Hosopa

Synopsis

This paper concerns with the mass transfer processes of dissolved materials inserted as an
instantaneous line source in the open-channel flow reviewing the lateral diffusion in concentra-
tion. Experimental studies made in a rectangular laboratory flume consist of two series.

Data obtained were treated by the statistical analysis like the lateral distribution of con-
centration, first moment, second moment, peak concentration, and so on, with results of new
knowledges in the statistical characteristics of mass transfer and in the practical application of
one-dimensional mass transfer analysis in open-channel flows.
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HERIR, FEAS TS ARAMMEKEERETHEDN, HObhiokBiE, ES 100m &H
FWHEEAET LTI =0 A8THY, KEREBSLCHBERET L OHERSH, Manning HERKE n=
0.01 THbo WBKIEKAEIL, 1/500 & Uico HEEBUKER, # 2cm THY, /KkEIEE 10cm (Runl),
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(Run 2) SRE L, BE~BEERREEIE Uiz DOT, KRIEFHORADMEEPZT, BEMEEL
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Table I Summary of experimental results.

Run No. Run | Run 2 Run 39

Shape rect. rect. trap.
Flume length L (m) 10.0 10.0 40
Width B (cm) 10.0 25.0 19.1-23.3
Depth k (cm) 2.05 2.00 2.10
Hydraulic radius R (cm) 1.45 1.73 1.70
Discharge Q (1/s) 0.563 1.531 —
Mean velocity i (cmfs) 274 30.6 46.12
Shear velocity ux (cmfs) 1.69 1.84 3.88
Aspect ratio r=Blk T a8 12.50 9.09-11.0
Slope 0.002 0.002 —
Characteristic length 1 (cm) 5.0 12.5 9.5
Lagrangfan time scale Ty (75e0) | 128 [ 110 | o055
Lagrangian time scale T (sec) 3.03 14.70 4.10
Range of Dimeasionless t1’=t=.,./ T 3'_15’1 45 3'__2221 57 62_'?215'7
mean time of passage  t/=in/ T = A S oar
Numbers of measurement

Longitudinal length 10 10 3

Vertical length 1 1 1

Lateral length 5 11 6 (12)

1) Fischer’s series 3400 2) ﬁ=x/ S:f (¢)edt
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Table 2 Measurement locations for concentration.

(1) Longitudinal direction

MP.
1| 2| 3| 4| 5 6|7 |8 |9 |10 (Tl T,
Run No. sec); (sec)

Runl ¥ (m) 1.00 | 1.50| 2.00{ 2.50 | 3.00 | 3.50 | 4.00| 5.00  6.00| 7.00
I (sec) | 3.87 | 5.74| 7.42| 9.38 |11.20 | 13.18 | 15.09 | 18.83 |22.73 | 2638
11 3.15| 4.67| 6.03| 7.63 | 9.11 |10.72 | 12.27 15.31 | 1848 | 21.45|1.27
t 1.28 | 1.89| 245| 3.10 | 3.70 | 4.35 | 4.98| 6.22| 7.50| 8.71 3.03

Run 2 x (m) 1.00| 1.50| 2.00{ 3.00 | 3.50 | 4.00 | 5.00 | 6.00 | 6.50| 7.00
Iw (sec) | 3.54  5.24| 6.82|10.04 [11.96 | 13.46 | 16.87 | 20.31 | 21.95 | 23.73
ty/ 3.22 | 476/ 6.20| 9.13 {10.87 | 12.24 | 15.34 | 18.46 | 19.95 | 21.57 |1.10,
74 024| 036/ 046] 0.68 | 0.81 | 092 | 1.15| 1.38 149| 1.6l 14.70

Run3 «(m) [16.09 |23.98 31.97
T (sec) [34.55 | 51.40| 69.17
H 62.81 | 63.451125.77 0.55
t 8.43 | 12.54, 16.87 4.10

(2) Lateral direction

=__ MP. 5
R o 1 2 3 4 506 |7 8 ]9 |10 11| o
Run 1 Z (cm) —4.0 |—20 0 2.0 0.4 10
¢ (=2z/B)| —0.4 |-0.2 0 0.2 | 40
Run2 Z(cm) | —115 |—100 |75 |50 |-25 |0 |25 50|75/100/115 |
¢ (=2/B)| —0.46 |04 |—03 [—02 [-0. [0 [0.1]0.2]0.3] 0.4| 0.46
Run3 Z(cm) | —82 |-50 |—20 | 01 | 37 |67 19.1
¢ (=2/B)| —0.513{ —0.313[—0.125] 0.007| 0.232(0.419 -23.3

fzo Eio, BE~EEEEE, IOEEATOS YD, BRICEDESHEIMETHEY, 0 1H~0. 405K
TREMEEFA LD, TNOEFILTHEOBRE~RMEHE LT3, Chid, b v—F—BAK, I
JUENOHEEER D TH S,

FEOMERE, b L—H—BASALDTHM 0.5m K 8.5m ORYE THE 5 mm OF v <7 Ak
FHE & > T 15 o Fo 3 DNIHES A Fige 1(1) (Run 1), (2) (Run 2) {CRT &5 THB 08, MK,
KELMOFESL, SBERE I,

Ff, EHLOERTR, HTEEBSERAEN VD, KOROHTEREHTHHRREIE LT, Fis
cher %3 California TRAECITE - KBROH 5, ALMEKE TITEbN I Series 3400 b LU T D4
TREBICHF LTE D, RAXTR, Rund & UTERPHDNT 5. Run 3 OFESGE, Fig 13) i€
RENTVAEEBDTHBY, BMHIE, KEHFAOHERSTHHE L.

TEORREHD SN, 3WTHWBHIBTIEINETHA I, REMER m —~7OXK&ESIKX
BHBlORERE, 7350 LROFHESHBR L D UTORIT TR, MTFMORESTO FAEKERL
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® Sampling Station for Concentration
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Fig. 1 Velocity distribution
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Fig. 2 Concentration to time curves.
4= S:Ftdi/Tr:?/Tl ........................ (3)
= S:Fldf/Tz:?/Tz ........................ (4)

RV, CTiT, T Bl <=S:Ftdt), F St S N W PIIREE, vt FEREEE, [ Rl
E (=B/2), R: BYETH3. 111, MENEICBIE7 7 v VELOIEREEZRLTEY, o, &), &
K -T, #heh, 20KEICET 2 HMENILEERES, BHEIBORISRENE LEZONS.

3. 1 WARRESHORM

BRARBOTRUINBESAOMRE RS D BE~MERmE UT, Fg.2(1), @), 3) TR
4o #1ZN Runl, Run?2, Run3 B LTV 5. #ARY, HRATE—DHEERTRBTTHLH,
ZOHOMPOERTRE, FAUAICBI AL -7 BEOESKELRD, ZORKTHEDICONT, £0
ZEAME B, © - BEOARKBAR, KA -TERLLSICKES, T, BOhaERIE, &1
Ak DL OEHOTIES S 600, RIERIUEIBEFR LS, UTRBVWT, BESHORKEORH

MCDOTHET B0
Fig.3(1), (2), (3) 3, WAAK XY 2 REDOHMEEEZRM 5 DIC,
a=Cmax—Cmia)/C e (5)



A - % - BB - FRE : BKERNIC BT 2REE 40

(3) Run 3

Fig. 3 Relative spatial deflection of
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