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LONGITUDINAL DISPERSION COEFFICIENT OF OPEN CHANNEL
FLOW IN RECTANGULAR CROSS SECTION FLUMES

By Yoshiaki IwasA, Shirou AYA and Kimifumi YAKUSHIJI

Synopsis

This paper presents a part of the results from 19 dispersion experiments made in open channel
flumes of rectangular cross section. The main objectives are to report the details of the exper-
iments, the data processing procedure, and the dispersion coefficients obtained. Two flumes with
large length to width ratios are used under the condition of wide aspect ratios and various bottom
roughnesses. Concentration to time curves are simultaneously measured at many points in a
section. In most experiments, local time-averaged velocities at 40 or more points in a cross section
are also measured by either propellers or a hot film velocity meter. The dispersion coefficients are
obtained by the moment method, the routing procedure and/or the peak concentration to time
method. A relationship between the dispersion coefficient and aspect ratio is obtained using the di-
mensional analysis. A 2nd relationship estimating the dispersion coefficient for open channel flow
of rectangular cross section is derived from the Lagrangian analysis and the calculated dispersion
coefficients of flumes and natural streams are contrasted against both experimentally obtained
coefficient and those from Fischer’s (1968) formula for natural stream.  Finally, the influence of
the velocity distribution characteristics on Lagrangian- based formula is discussed.
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Fig. 1 Schematic illustration of flume B.
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Table 1 Experimental results.

o 2 “) (5) ©
No. of measure- No. of Dimensionless Discharge
Run Flume ment in section sec tions distance Q
Max. Min. x’ =x/UT, (cm3/s)
911 A 1x5 1x5 8 2.23 -17.8 1000
912 A 4x5 4x%5 5 2.98 -20.9 2210
913 A 1x5 1x5 10 1.50 -10.5 562
i1 B 3x3 1x3 13 1.66 43.2 643
112 B 1x3 1x3 4 16.7 -26.3 294
921 B 4x%5 1x5 15 .304- 8.83 2450
121 B 3x5 3x5 14 247- 717 805
122 B 1x5 1x5 14 429~ 6.22 530
123 B 1x5 1x5 6 2.32 ~ 8.42 933
124 B 1x5 1x5 6 2.90 -10.5 1500
125 B 1x3 1x3 6 1.41 - 6.83 1470
221 B 3x5 1x5 12 .888-12.9 1760
222 B 3x4 1x4 8 7.75 -18.7 3960
111RA A 1x3 1x3 4 125 -15.7 513
112RA A 1x3 1x3 4 103 -12.9 169
121RB B 3x5 1x5 7 3.18 -22.3 667
122RB B 3x5 1%5 8 1.64 -19.7 1140
221RC B 3Ix4 1x4 10 1.60 -22.3 1080
222RC B Ix4 1x4 10 1.41 -19.8 699

( 3) (No. in vertical direction) x (No. in lateral direction)

(10) U=0/4
1) wu,=+gRI,
(12) Tp=B(4-14.8-0,du,)
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[Q)] 8) ) 10) an (12) (13)
Width Depth Slope Velocity Shear ve- | Time scale | Dispersion
B d I U locity u, T, coefficient
(cm) (cm) ° (cm/s) (cm/s) s) Dy (cm?/s)
10.0 3.12 1/500 32.2 1.94 1.40 175
10.0 5.02 1/500 44.1 2.21 761 106
10.0 2.05 1/500 27.4 1.69 2.44 165
10.0 2.27 1/500 28.3 1.75 2.13 114
10.0 1.37 1/500 21.5 1.45 4.25 137
25.0 2.69 1/456 36.5 2.18 9.00 270
20.0 1.46 1/500 27.6 1.58 14.6 214
20.0 1.19 1/500 223 1.44 209 194
20.0 1.49 1/300 31.3 2.06 11.0 307
20.0 1.99 1/300 37.6 2.33 7.28 316
20.0 1.43 1/150 514 2.86 8.26 585
20.0 2.57 1/514 343 1.97 6.57 266
20.0 4.23 1/514 46.8 2.38 3.31 328
10.0 2.23 1/500 23.0 1.74 2.08 86.6
10.0 1.31 1/500 12.9 1.43 4.51 170
20.7 2.13 1/500 15.1 1.86 8.33 144
20.7 2.67 1/500 20.6 2.04 592 194
20.3 2.68 1/514 19.8 2.01 6.33 129
20.3 2.13 1/504 16.2 1.85 8.74 122
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Fig. 4 Concentration to time curves in a section.
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Table 2 Dimensionless hydraulic variables and dispersion coefficient.

453

) [@) G ] @ ] 0O ©
Aspect Velocity | Reynolds | Froude : . .
Run Ratio Factor Number | Number Dispersion Coefficient
Bld Ulu, Re. Fr. D, fdu, | Dyldu, D,/du,

911 3.21 16.5 9560 .580 289 13.2 18.0
912 1.99 20.0 19400 630 9.56 3.60 8.5
913 4.88 16.2 4700 710 47.6 14.4 26.4
111 4.41 16.2 4420 .600 28.6 25.0 26.6
112 7.30 14.8 2320 .586 69.0 45.3 53.4
921 9.29 16.7 8380 710 46.0 27.2 36.6
121 13.7 174 3090 642 92.8 43.4 62.0
122 16.8 15.5 2360 652 113. 69.9 92.0
123 134 15.2 4070 .819 100. 52.1 75.9
124 10.1 16.2 6270 856 68.1 51.7 61.6
125 14.0 18.0 6430 1.37 126. 45.2 201.
221 7.78 17.4 8820 .683 52.5 — —
222 4.73 19.7 19800 727 32.6 — —_
111RA 4.48 14.1 3540 492 2.3 12.8 18.6
112RA 7.63 11.3 1340 .360 90.7 34.7 56.0
121RB 9.71 8.12 3220 331 36.3 — —
122RB 7.75 10.5 5500 403 35.6 — —
221RC 7.56 9.85 5310 382 239 - —
222RC 9.50 8.75 3450 .355 31.0 — —
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Fig. 6 Dispersion coefficient to aspect ratio.
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T, Fig. 7T LFRT, SHERI, KEPRGETENFRICETICED, 2REFROFET S LobY
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WHpELIL S W 2RAEHBNBRILLENC LRASHPTH B,

%7z, Table3 i3, £#ERICLIB oI

WEESRE U=0/4, fiEshRirEY Table 3. Average velocity.
W& D AMAOREEHIC L Y EBOXF o] @ 1 0O @
BLTHONLTENE u, $L, (6)R R Dis;:ha?rge Acculmu.]ated Con\l'ecfive
R THREOROOBHMEE S LTHS u o/ Wy P B
NBEBWKE u.=di/dx)y?* ZRLIEHDT 911 322 76 335
b5, WEFEMELBREEIRO—FE 912 44.1 37.8 44.1
AU, womsuensvees | TE | mD | X
D, MEELRBRIOBEBEDOENELTNS 12 215 23.6 27
BeHah, BoohiokBEHE X UWE 921 36.5 31.1 36.8
HOREIRIBUHDOHBILELZEDTH 121 27.6 26.2 24.3
. s . 122 223 259 225
f o
b, PLERBRLBVWLOLEEZ SIS 123 13 __ 309
i 124 37.8 — 37.6
RUN 121 B/d=13.7 wuiIN CM/S 125 51.4 . 48.0
2 221 343 38.6 34.4
AN J 2 468 419 46.4
- ”53M 111RA 23.0 — 24.5
g‘ Hs =7, 112RA 12.9 — 162
0 121RB 151 14.7 14.6
8 6 -4 -2 0 2 4 6 8 122RB 20.6 20.1 18.6
. WIOTH  Z(CH) 221RC 19.8 19.2 19.1
Fig. 7 Tso- vels. 222RC 162 16.5 159
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Table 4 Characteristics of velocity distribution and Lagrangian velocity fluctuation.

1) (@] 3) [©)] [€) @) (@) (3) [©) 10)
No. of velocity
Ve- | measurement Ja | Lo | D | | [
Run locity | in section J. X107t | xX10-3 | Tz | Tk | T wk | uE
meter | verti- | hori-
cal | zontal
911 P 5 13 172 586 621 30.5 1.39 19.2 9.91
912 P 6 13 .097 .600 673 22.3 1.67 7.85 12.8
913 P 3 19 227 .560 465 322 1.35 234 7.41
111 H 5 13 119 445 537 36.5 2.07 21.6 12.9
112 H 4 13 127 458 .569 33.6 1.87 20.3 11.5
921 P 5 17 136 246 255 23.5 1.28 18.2 4.04
121 H 4 22 125 .291 373 35.8 1.92 26.0 7.88
122 H 4 22 133 234 210 38.8 1.68 30.5 6.52
123 — — — — — — — — — —
124 - — — — — — —_ — — —
125 — —_ — — — — —_ — — —_
221 H 6 15 067 239 357 21.6 1.19 13.2 7.24
222 H 7 15 .055 251 403 24.5 2.65 12.1 10.0
1IIRA | — | — — - = — — — — —
112RA | — | — — —_ — — — — — —
12RB | H | 6 15 212 | 285 | 352 | 119 957 | 945 | 147
122RB H 6 15 141 223 .205 12.0 1.36 109 2.05
221RC H 6 15 134 215 207 13.5 1.32 10.2 1.96
222RC H 6 15 150 217 275 13.1 1.20 10.2 1.72

(2) P: Propellers velocity meter, H: Hot film velocity meter

J‘=ﬁ_1 ................................................................................................... (20)
THUD2BoNEHDTH 5,
Fig. 811, J, L7 AR7 F WOMBAR L DO THHBERBAA T, ZOMRIBHETIRIS,
—F, Ju 3, FABICKEEERE @ LT, 2OKBIELFAOSHOH—REEERT /87 2 —
2TH5H, Table dEWBICASONB LI, Ja XD LA —Z/NINVEER > TS, Ju ETARI MK
LOBRESBE,Fig90k5ThHDY,

Japoc (“ i
4
2
_J(
10— :
’ |
e}
4 l | 102
1 2 4 6 810 20 1 2 4 6 810 20
ASPECT RATIO B/d ASPECT RATIO B/d
Fig. 8 Characteristics of velocity distribution Fig. 9 Characteristics of lateral velocity distribution
(J4 to B/d). (J i to Bfd).
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6. AREHMOEEXOBAY Fig. 10 Characteristics of lateral velocity
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BHTL, B Iav—vaYBRXY, Lagrange OBABE R r —rOHRERLRDIHERY THo,
4 1243, Fischer BFEJIOHHNERNRE LT, KEFHHEOKBEFAOFK—ikiciEE LTHLRT
5%, VThOHEERILENTS, W2 OHRESFMREINTEY, BFICRESTHNEODBHAMRR
hERRUBIHENTH S,

## 5> Lagrange IR TR, HEBHERERATEZ S5,

I
a’u; - u*z d/i:* (26)
[o2) _ Do o [92) o Dof)
T e s @n
T _ (01 T ) T Do) To
e =1 T o et ] e )
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[:S] - %S:ﬁ dA=(J,— Ju) ............................................................ (30)
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Tym=0072d g wovvveerernnter i e e e e e (34)
ERNB6DTH 5,
u LLTR, BEOREEEERY 2HVT % Table 5 Observed and predicted dispersion
72(30), GDROIEITH . > TREMORFELN coefficient.
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(D~ MTRU TV B, 72K L, FidokSie U & Run Dyldu, | D, ldu, | Dy jdu,
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WM OREST ORI X TOMEICE T3 2 AR L BMEMEN T vy P IR THBH, 1HAERL
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Fig. 11 Observed and predicted dispersion coefficient (by authors’ formula).
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Fig. 12 Observed and predicted dispersion coefficient (by Fischer’s formula).
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Fig. 13 Dispersion coefficients by authors’ and Fischer’s formula.
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