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Development of Longitudinal Dispersion Coefficient Based on Theoretical

Equation for Transverse Distribution of Stream-Wise Velocity in Open Channel :
Part II. Longitudinal Dispersion Coefficient
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Abstract

The aim of this study is that a theoretical formula for estimating the one-dimensional longitudinal disper—
sion coefficient is derived based on a transverse distribution equation for the depth averaged stream-wise
velocity in open channel. In “Part I. Theoretical equation for stream-wise velocity” which is the former
volume of this article, the velocity distribution equation is derived analytically based on the Shiono-Knight
Method (SKM). And then incorporating the velocity distribution equation into a triple integral formula which
was proposed by Fischer (1968), the one-dimensional longitudinal dispersion coefficient can be derived
theoretically in “Part II. Longitudinal dispersion coefficient” which is the latter volume of this article. The
proposed equations for the velocity distribution and the longitudinal dispersion coefficient are verified by
using observed data set. As a result, the non—-dimensional longitudinal dispersion coefficient is inversely
proportional to square of the Manning’'s roughness coefficient and the non-dimensional transverse
dispersion coefficient, and is directly proportional to square of the aspect ratio (channel width to depth).

Keywords ' transverse distribution of stream-wise velocity, longitudinal dispersion coefficient, tracer test,
transverse diffusion coefficient, roughness coefficient
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Fig. 1. Transformation of Coordinates for
Transverse Profile of Stream-wise Velocity in
Triangular Cross Section
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Table 1. Summary of Geometric and Hydraulic Data (After Godfrey and Frederick, 1970)

Stream Reach Test # Sec. W (m) H, (m) U (m/s) So n
1 4 17.68 0.45 0.20 0.00144 0.061
5 17.68 0.58 0.16 0.00130 0.065
4 17.68 0.81 0.53 0.00137 0.034
Copper Creek 6 5 19.81 0.82 0.50 0.00130 0.032
near Gate City, Va. 6 21.34 0.90 0.45 0.00130 0.038
4 14.94 0.47 0.27 0.00144 0.056
11 5 18.29 0.49 0.22 0.00130 0.064
6 16.46 0.49 0.24 0.00130 0.042
4 50.60 0.99 0.21 0.00048 0.056
2 5 53.65 1.10 0.18 0.00044 0.057
6 47.55 1.90 0.11 0.00036 0.159
Clinch River near 4 59.44 2.33 0.80 0.00044 0.021
Speers Ferry, Va 7 5 62.18 2.21 0.76 0.00040 0.020
’ 6 52.12 2.82 0.69 0.00040 0.029
4 55.78 2.26 0.69 0.00044 0.024
10 5 53.34 2.25 0.70 0.00044 0.021
6 50.60 2.72 0.62 0.00040 0.032
Powell River 3 35.97 0.81 0.15 0.00036 0.052
near Sneedville. Tenn 4 4 37.19 1.09 0.09 0.00029 0.071
’ 5 37.19 0.71 0.15 0.00032 0.054
Clinch River 4 25.60 0.59 0.38 0.00040 0.017
near Clinchport, Va. 5 5 33.53 0.78 0.20 0.00032 0.044
’ 6 4755 0.53 0.23 0.00032 0.035

Injection section

Cooper Creek (Test 1, 6, 11)

Section 3

Section 4 ek

Injection section

Section 2

jection 6

Powell River (Test 4)

Injection section
Section 1

Section 2

Clinch River (Test 5)

Section 3

Section 4

Gin*
/ 0 1000 2000 3000 4000 5000 FEET
ek R — |

Section 6

Fig. 2. Sketch of tracer test sites (After Godfrey and Frederick, 1970)
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Table 2. Values of the Constant in the Formulae for the Longitudinal Dispersion Coefficient (after Seo and

Baek, 2004)
Constant
Formulae a b ¢
Fischer (1975) 0.011 2.0 2.0
Liu (1977) 0.18 0.5 2.0
Iwasa and Aya (1991) 2.0 0.0 15
Seo and Cheong (1998) 5.92 1.43 0.62
Koussis and Rodriguez-Mirasol (1998) 0.6 0.0 2.0
Seo and Baek (2004) fla,B) 2.0 2.0

Table 3. Observed and Estimated Longitudinal Dispersion Coefficients

Longitudinal Dispersion Coefficient (K, m%/s)
Stream Route i

Observed | Fischer | Liu Iwasa | Seo and Kouss'ls and| Seo and This

(Test #) secs value 1975 | 1977 and Aya| Cheong | Rodriguez Baek Stud
(1991) | (1998) (1998) (2004) s

Copﬁzzt%reek s4-s5 5.4 39 | 136 | 420 84 271 56 29
Chr(‘fgst};ver s4-s6 86 115 | 447 | 1160 17.8 95.0 57 2738
Povzteeﬂsj)wer $3-55 95 85 | 2715 | 73 117 53.3 32 77
Ch‘z‘gssgver s4-s6 10.7 308 | 374 | 1260 23.0 53.9 98 25.2
Copﬁ(z;tg)reek s4-s6 | 208 121 | 187 | 940 342 283 251 149
Chr(‘fgst};;w s4-s6 | 405 853 | 648 | 4060 | 1770 779 422 333
Cha‘:;ﬂROl)V ol sas6 | 369 621 | 561 | 3420 | 1480 714 372 11.2
Colzlzee;lclr)eek s4-s6 | 246 46 | 146 | 471 9.8 284 11.0 37
AL A%k 20154 4H 305
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