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ABSTRACT 

VDimensiona1 analysis shows that the commonly used dimension- 

_1ess transverse dispersion coefficient, ezfuéh, souldzdepend on both 

the friction factor and the midth to depth:ratfo:o:the;EEmu. Inspection 

of published data fails to resolve this'degendeuce.an¢ experiments=were 

performed to conduct a systematic investigation. Results.for ez lead to 

the conclusion that secondary circulation, and not turbulent fluctuations, 

is the dominant transport mechanism, These results help to explain the 

failure to find consistent trends in the variation of ez/u*h and suggest 

that u*h is not a good representation for ez. An alternate dimensionless 

dispersion coefficient, ez/uW, is introduced and appears to account for 

secondary circulation effects more properly. The results can be correlated 

with width to depth ratio and friction factor quite systematically and. 

ez/uW is suggested as the dimensionless dispersion coefficient which should 

be used for transverse spreading. ‘



"EFFET DU FACTEUR DE FROTTEMENT ET COEFFICIENT D'ORIENTATION SUR LA 
- DISPERSION TRANSVERSALE DANS LES CANAUX RECTANGULAIRES" 

Y.L. Lau et B.G. Krishnappan 

RESUME 

L'analyse dimensionnelle indique que le coefficient de dispersion trans- 

. versale sans dimension utilisé le plus fréquemment, ez/u*h, devrait Etre 

fonction du facteur de frottement et du rapport largeur/profondeur de l'écou- 

lement. L'étude des données publiées ne résout pas cette dépendance et des 

expériences ont été faites pour procéder 5 une étude systématique. Les 

résultats ez ménent 5 la conclusion que la circulation secondaire, et non 

les fluctuations turbulentes, constitue le mécanisme de transport dominant. 

Ces résultats permettent d'expliquer pourquQi,on;n{est pas parvenu 5 trouver 

des tendances uniformes dans la variation de_ez/u*h et proposent que u*h ne 

constitue pas une bonne representation pour ez. Un autre coefficient de 

dispersion sans dimension, ez/uW, est introduit et semble mieux justifier 

les effets de la circulation secondaire. On peut mettre les résultats en 

correlation de fagon assez systématique aven le rapport largeur/profondeur 

et le facteur de frottement et on propose que ez/uW soit 1e coefficient sans 

dimension 5 utiliser pour la disperaon transversale.



INTRODUCTION 

The calculation of the spreading rate of materials and their con- 

centration in natural rivers is usually based on solutions of the mass con- 

servation equation. Analytical solutions exist for uniform flows'in straight 

‘igchannels while more complicated strea geometries or flow conditions can be 

handled by numerical methods. However, the accuracy of these solutions 

depends on having.correct values for the-turbulent mixing-coefficients. For 
lateral spreading, it is customary to assume that the lateral mixing coef- 

ficient is proportional to the product of shear velocity and average depth. 

The proportionality constant is called the dimensionless transverse dispersion
A 

coefficient, K, and has been measured in the laboratory as well as in the 

field. Unfortunately, the value for K has shown considerable variations, 

even for straight laboratory channels. Some of the variation was thought 

to be the effect of the channel geometry and Okoye (12) has proposed'that’? 

K increased with the width to depth ratio of the flow. Channel roughness 

seems to be another logical parameter but has received relatively little 

attention» PrYCh (14) concluded from his-experiments that the friction 
factor f had no effect on K. However, several others (Engmann ( 4) 

Jobson (5), Lau'and Kr1shnabpan‘(9) have shown that K increases *~" 

with increased roughness. 

This paper presents the results of some experiments conducted 
to investigate the variation of the transverse dispersion coefficient and 
in particular, its dependence on friction factor and width to depth ratio 
in straight rectangular channels.



BACKGROUND 

Mass Conservation Equation; For transverse mixing problems in rivers, 

concentration variations in the vertical direction are often negligible 

and the depth averaged mass conservation equation is generally used. The 
i fiequation is written as 

’a(he> + 3(huc_) + acme) = a -“°xfl3+ 3 ‘‘%3° 
. . .. (1) at 3x 32 5k ' 3 52 5; 

° . . . 

where c = depth averaged concentration; 
u,w = depth averaged velocities in the x and 2 directions, respectively; 

h = mean flow depth; 
ex,ez = depth averaged longitudinal and transverse dispersion coefficient, 

respectively; 
x,z = longitudinal and transverse co-ordinate, respectively; 

c = time. 

The derivation of Equation (1) and the assumptions involved have 

been discussed by Holley (5).. In this equation, the dispersion coefficients 

ex and ez are’defined as follows:~ 
4] 

<u.’c” 4: I >

~ 

‘H 
a o 9 c o o a 0 0 u n o 

3c/dx 

wy 3' + T 
e = _ 0 n 0 o o u o n 0 1 0 0 

2 3c/dz 

where 5;, T = depth averaged transport caused by turbulent fluctuations 
yhy in the x and z directions, respectively; 

u c = depth averaged transport due to differential convection in 
y the x direction;

_ 

.wyc = depth averaged transport due to differential convection in 
the z direction; 

and the overbar denotes depth average and the superscript y denotes deviations 

from the depth averaged value.



It can be seen that the dispersion coefficients ex and ez represent 

transport by the turbulent fluctuations as well as the transport arising from 

vertical shear in the case of ex and from secondary circulation in the case 

of e .z 

;_~.cfUsing Equation (1), Holley (§2ggrigé¢ & é§ng31fzgd;¢fign§g;gf% 
moment method for evaluating ez from measured concentration:distrihntions, 

considering steady state conditions and neglecting longitudinal dispersion. 

For uniform flow in straight rectangular channels, the depth h is constant 

and the depth averaged transverse velocity w is zero. In this case, ez is 

given by the usual formula 

=_ 9; O O I 0 O O O 0 O D 
-0 

I O C I I e 2 dx 

where G2 is the second moment of the concentration.distribution; given by 
therrelation 

w/2 
J’ 22 c dz 

0-2 =___ -W/2. . nIo¢oocouooo(5) 
w/2 

C dz 
-w/2 

where W is the width of the channel, 

It should be pointed out that even though the depth averaged 
velocity w is zero, the deviation wy is not, and therefore, even for a 

straight rectangular channe1,ez represents the rate of spread of the 
concentration distribution wiich is caused by turbulent fluctuations as 
well ag the secondary circulation in the cross section.



Dimensional Analysis: Since a theoretical relationship for ez does not 

exist, it ought to be useful to perform a dimensional analysis and examine 

the variables which may be important. In straight rectangular open channels, 

the parameters affecting the lateral dispersion coefficient are the mean 

"velocity u, the depth h, the width W, the bottom shear stress or shear ve- 

“”Therefore. 
A 

7--locilty u*M',-V the density p and 5;.’ §1s¢b$§i':,y-‘fi‘.AT 

ez = ¢ 
( uf-h, W, u*,p, u) 

i 

. . . . . . . . (5) 

Dimensional analysis then gives 

f_z_= ¢(_u*_,y_,°_‘E:._) ........(7) 
' u*h u h p 

where ez is the dimensionless transverse dispersion coefficient K. 
“*h 

_ . 

For highly turbulent flows with'rough boundaries,.the‘effect of 
viscosity can be neglected and one can write 

= ¢”(f,_:_lv_) 
I 

........(s) 

‘where f = 8 (u*/u)2 is the Darcy—Weisbach friction factor. Therefore, it 
can be seen that the usual dimensionless dispersion coefficient is a function 
of both the friction factor and the width to depth ratio. This is to be ex- 
pected since the friction factor indicates the bottom shear which generates 
the turbulent fluctuations in the flow and the width to depth ratio affects 
the secondary circulation in the channel.



Trevious results: An inspection of the previously published data on the 

transverse.dispersion coefficient K in straight open channels can be made 

in the light of the results of dimensional analysis. Data are available 

from nine different publications. The laboratory flumes which were used 

varied from 36 cm to 238 cm in width, with either smooth or artificially 

rfroughened bottoms; In most instances; no more than three or four data 

points are available from each study and these cover only very small vari- 

ations in f and W/h. Therefore, it is necessary to include data from all 

pertinent sources. All the data are tabulated in Table 111.1 in Appendix III_ 

Figure l is a plot of ez/u*h versus W/h using all the data 

points. gThe value of f is written beside each data point. It is evi- 
dent that ez/u*h is not a constant even for straight rectangular channels. 

The values in_Figure 1 varied from 0.08 to 0.24. It should be pointed 

out that some published values for natural streams are as high as 0.73. 

However, natural streams usually have non-uniform cross sections and 
meanders which introduce advective transport by the transversg've1ocity w. 
This transport has not been separated out but has-been~lumped into ez 
in the published reports. Therefore, the reported field values are_likely 
over-estimated and are bound to be higher than flume values. 

Figure 1 does not give a clear indication of how ez/u*h varies 
with W/h at constant values of f or how much effect changes in friction 
factor have on ez/u*h. Certainly the effect of friction factor is evi- 
dent in some cases. For example, one can detect a consistent increase 
of ez/u*h with f from the data of Miller and Richardson (11)_ This 
effect has been pointed out by Engmann G), Jobson (6) and tau and - 

“" 
KriSh“3PP8D G) in their discussions of the work of Miller and Richardson,



;“Eigure 2, which is a plot of ez/ugh versus f for points all havinggw/h 

ratio close to five, shows this effect rather clearly. However, the rest 

of the data do not exhibit such clear trends. It can be seen in Figure 1 

that there are points at the same W/h ratio but_with vastly different fric- 

gttion factors which have the same values of ez/u*h. .For example, at W/h of 

»_4,gabout 16, a point from Prych with f n 9.Dl§ (smnnth.battnJ giMEE~&%!U*h 

equal to 0.145, whereas, a point from Okoye with f - 0.16 (stone;rnnghness) 

gives ez/u*h equal to 0.14. 

The manner in which ez/u*h ought to vary with W/h is—also not 

very clear. The only published work so far which tries to account for the 

effect of width to depth ratio is by Okoye (12), who suggested that ez/ugh 
should increase with the width to depth ratio and indeed, his own data appears 

to behave in such a manner. However, when one takes into consideration all 

the other data, there is no indication that such a variation applies in all 

cases. Okoye suggested that as the width to depth ratio increased,.the tur~ 

bulence scale was increased, giving a larger spreading rate. However,'carefu1. 

inspection of the data reveals some contradictions to this reasoning. Fig.3 

shows a plot of ez versus h for some of the data of Okoye, Prych and Engmann. 

To investigate the effect of depth on.ez, points with constant width and 

velocity have to be chosen and not many points can be found for each case. 

(The straight lines in Fig. 3 are used just to indicate data with same u 

and W and do not suggest linear variation of ez with h). At constant u and 

W, as the depth is decreased, the friction factor and the shear velocity 
"increase and the turbulent fluctuations should increase. However, it can 

be seen that in every Case. ez. which is a measure of the spreading rate, de- 
creased as the depth became smaller. Therefore, as the width to depth ratio 
increased, the spreading rate actually decreased, contary to what Okoye had 
suggested.



:51: is evident that furthr investigations are neafieé fin order 

to clearly define the dependence of the transverse dispersion coefficient 

on friction factor and width to depth ratio. For such an investigation, 

experiments should be conducted by varying only one of the independent 

parameters while the_other is kept constant so that the functional rela- 

- wtionship indicted by Equation 8 can be sought. 

EX?EBIMENTAL SET+UP AND PROCEDURE 

Experiments were conducted in a flume 30.7 metres long and 

60 cm wide. Extra sidewalls could be installed to convert the flow channel 

to 45 cm or 30 cm in width. The flume slope could be adjusted by a set of 

motorized screwjacks. Discharge measurements were made using a weir box 

at the downstream end. 

The flue bed roughness was varied by using sands of different 
siees.' First the flume bottom was covered with 'Mactac' self—adhesive vinyl 

covering. Then a thin layer of varnish was brushed on and the sand was 

sprinkled on top so that the 'Mactac' was completely covered. After drying 

overnight, the excess sand was washed off and a uniform layer of sand was 
left on the flume bed. To change over to another roughness, the 'Mactac' 

was stripped off and the process was repeated. Three different sizes of 

sand were used, with mean diameters of 0.27_cm. 0.20 cm and 0.04 cm, res- 

pectively. In addition, some runs were made using only the smooth vinyl 
covering on the flume bottom. 

For a given bed roughness, dispersion experiments were con- 
ducted for flows at several depths, with flume width at 60 cm. Then the

, 7



flume was narrowed and the runs were repeated, giving a variation in 

width to depth ratio with friction factors the same as the previous runs- 

For a new roughness, flow depths were varied so that runs could be made 

at the same values of friction factor as the previous set. Usually, 

‘either the largest or the smallest friction factor values could not be 

repeated because of limitations in flow depths Whish G°U¥d be 359d- 

However, the intermediate values ofuf were all the saeo: The flow depths 

varied between 1.3 cm and 5.0 cm. 'Mean flow velocities were kept approx- 

imately constant at 20 cm/S for most of the runs. The hydraulic data for 

the 22 experimental runs are sumarized in Table l. 

Dispersion measurements were made using salt solution as 

the tracer. The salt solution was mixed with methanol to make it neu- 

trally buoyant; The concentration of salt in the tracer solution was 

62.5 g/E. ‘The solution was discharged continuously from a constant head 

injection apparatus into the middle of the flume at approximately mid- 

-depth. The injection rate was adjusted so that the tracer was issued 
from the discharge nozzle at the same speed as the mean flow velocity 

in the flwme. The tracer concentrations were measured at mid-depth using 

a single electrode conductivity probe of the type used by McQuivey and 
Keefer (10). The output was recorded on a Hewlett Packard model 7l00BM 
strip chart recorder. The probe construction, bridge circuit, cali- 

ibration and operational details are explained in a laboratory report 

by Dunnett (1). 

Traverses with the conductivity probe were made at eight or more 
stations downstream from the injection point to obtain cross-stream con- 
centration distributions. The measuring stations were chosen so that



rrvertical mining was completed before~:h&.first station” Ghaat.careawas 

taken to obtain the correct concentration values at the edges of the plume 

by measuring the background concentration without tracer injection either 

imediately before or after measurements in°the plume. This-was done at 

every station. 

RESULTS AND DISCUSSION 

The concentration distributions were obtained from the strip‘ 

chart recordings and the variances of the distributions were calculated 

from Equation (5). The dispersion coefficient ez Was calculated using 

Equation (4). The values of ez, as well as the non-dimensionalized dis- 

persion coefficients are listed in Table l.together with the hydraulic 

data. 

Figure 4 shows a plot of ez versus h for the five different 

flume width and bed roughness combinations, with velocity held constant 

at about 20 cm/s in each case. The results indicate the same behaviour 

of ez with h as those of the previous workers given in Figure 3, i.e. ez 

or the spreading rate, increased as the depth increased, with width and 

velocity kept constant. Also, given the sac bed roughness and flow depth, 
also increased as the width was reduced. This increase in spreading 

'rate,as flume width was reduced, happened in every case. In one instance, 

when the flume was narrowed from 45 cm to 30 cm, the increased spreading 

caused the plume to reach the sidewalls right from the first station. The 

concentration readings were quite high at the walls and because of this

9



‘_=‘{gffe¢.t, the results of that particular testwereunot used". ‘:"l"hese results 

all confirm that as the width to depth ratio is decreased, the spreading 

rate is increased and vice versa. Therefore, as the flow depth becomes 

larger, the spreading rate increased, even though the bottom shear stress 

was smaller and the turbulent fluctuations ought to be less intense. Re- 

*‘,-txcalling that ez represents the sum of the transports caused by the garba- 

lent fluctuations which are generated by theibbttom §i}£§,§;a'§§ the 

secondary circulation which is largely affected by the width to depth 

ratio in the channel, one is led to the conclusion that as the width to 

depth ratio was reduced, the transport due to the-secondary circulation 

increased and this increase was more than sufficient to compensate for 

ithe decrease in transport by the turbulent fluctuations, resulting in a 

net increase in spreading rate. This also suggests that as far as trans: 

verse spreading is concerned, the dominant mechanism is the secondary 

circu1ation.and not the fluctuations caused by turbulence. 

.The secondary circulations which are responsible for'the 

lateral transport is caused by the uneven distribution of shear stress 

along the wetted perimeter of the channel and has been termed secondary 

currents of the second kind by Prandtl (13). Our understanding of this 

secondary circulation is still rather incomplete and there is no means 

_of predicting its intensity. Kartha and Leutheusser (8) did make measure- 

ments of the tractive force distribution for rectangular channels of various 

width to depth ratios. Their results showed that variations in shear stress 

along the bed, given by the ratio between the maximum stress and the average 

stress, was a maximum for W/h of about 3 and decreased as W/h increased. 
This ratio also decreased for W/h less than 3 but guch small gyH.fati;s ére not 

of much practical significance. An analytical'solution'ba§éd;6n tne_asSumption



of laminar flow was also presented and although it cannot be expected.to 

be correct in value, it also showed the same trend. The same behaviour 

was found for the shear stress variation along the side walls. ,Since 

the secondary circulation is driven by the transverse variation in shear 

stress, it is reasonable to expect that for the smaller width to depth 

ratio, when the variation in shear is larger, the secondary circulation 

will be stronger. It follows then that the transport due to the secon- 

—dary circulation should_be larger for the smaller W/h ratio and this is 

exactly what the experimental results indicate. 

Comparisons between the data for the 2.7 mm sand and the 0.4 
m sand also shows that for the same width and depth, ez, as expected, is 

larger for the flows with the rougher bed. This is the effect of the in- 

crease in bottom shear and turbulent fluctuations. 

Figure 5 shows the variation of the dimensionless dispersion 
‘coefficient ez/u*h with width to depth ratio W/h. The other parameter 

affecting ez/u*h is, of course, the friction factor f and the values of 
f are shown beside each data point. The dashed lines in Figure 5 are 

used to show the trends in the variations of ez/u*h at constant values of 
f. ‘it can be seen that with f held constant, ez/u*h decreased with W/h 
for most of the cases, contrary to what Okoye (12) proposed. For W/h 
larger than about.l5, there seems to be some organized behaviour, with 
ez/u*h decreasing with W/h and increasing with increased f. However, the 
picture is much more confusing for the data with smaller width to depth 
ratios. The data for f = 207 appears to reverse in trend, with ez/u h 
5'60-’eéS1n8'aS W/"h becomes smaller, More disturbing is the "fact that the 
data for the smooth wall tests, with much smaller values of friction-5

11



factor, have ezu*h values just as large or larger thn the rest. It 

. appears that the organized picture shown by the dashed lines would not 

persist for all values of the friction factor. 

Some understanding of this confusion may be obtained by 

reviewing the behaviour of ez. The data presented in Figures 3 and 4 

have shown that, with all other'parmeters kept canstnt,_ez decreased 

‘as the width W was increased, and this appears to be the effect of sec- 

ondary circulation which is governed by the W/h ratio. When the width 

to depth ratio becomes large, the channel is essentially twoadimensional 

o and the spreading rate should no longer be affected and ez should approach 

a constant value. »If the bed roughness is increased, with u and h constant 

so that f is larger, it has been shown that ez increases. However, u* has 

also increased. In the present experiments, the increases in ez were larger . o _ than the increases in u*, resulting in increases of ez/u*h withf. This 

may not necessarily be so for all cases and may be different for other 

ranges of friction factor. ~For smaller width to depth-ratios, the spreading 

rate increased as the W/h ratio decreased and the results strongly indicate 

that the transport due to the secondary circulation is dominant over that 

due to turbulent fluctuations. Therefore, for the same W, h and u, the 

o spreading rates would not be much different whether the flow is over a rough 

or smooth bed. Since the rougher flow has larger values of u*, it is en; 

tirely possible for ez/u*h to be larger for the flows with smaller f. 

In the light of the above discussion, the confused picture 

.shown by the data in Figure 3 is really not surprising and it may be vir- 

tually impossible to obtain an organized set of curves indicating the 

. variation of ez/u*h with W/h. This points to the fact that (u*h) is 

not a good parameter for the representation of ez because it emphasizes 

the bed shear which is actually not the dominant transport mechanism. 
'
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‘gAn Alternate Dimensionless Dispersion Coefficient 

Considering that secondary circulation appears to be the 

more important factor governing transverse spreading, it seems more 

appropriate to use the channel width as the characteristic length scale. 

Since the effect of u* is already included in the parameter f, it may be 

3ésimp1er.to“hse'u instead.of u§*for the_characteristic-velacitye. Ifiithe 

prdispersion coefficient ez is assumed to be proportional to uW;,Equation‘ 

(8) can be rewritten as 

The dimensionless dispersion coefficient ez/uW is also a 

function of the friction factor and the width to depth ratio. Values 

for ez/uW were calculated and are also listed in Table 1. Figure 6 shows 

the plot of ez/uW versus W/h with friction factor as the third parameter. 

.It can be seen that the data fall very nicely into lines of constant E. 

At constant width to depth ratios, when the secondary circulation should 

have the same effect, the rougher flows should have larger values of dis- 

persion coefficient and this is found to hold true for all the points 

including the smooth flows. Only two of the data points did not fall on 

the correct line for their f value, but this can be attributed to experi- 

mental scatter. Comparison of Figure 5 and 6 clearly indicates that uW 
his a better representation of ez than u*h. 

The previously published data of ez/u*h which are shown in 
Figure l are now replotted in the form ez/uW in Figure 7. All the data 

are included except for a few from Miller and Richardson (gg) which had 

.'3



Jvalues too large to be included in the figure. It can be seen that 

although the correlation is not quite as good as in Figure 6, there 

6. A fair amount of scatter 

is some semblance of order as opposed to the picture of confusion pre- 

sented in Figure 1. All the smooth bed flows with f approximately 

equal to 0.022 lie along a lower curve, with increasing values of ez/uW 

for larger values of f. The trends shown are the same as those in 
t t 4 

‘along lines of constant f values 

can be expected from such a wide assortment of data. The concentration 

measurement methods were different. Various types of roughnesses were 

used including expanded metal lath, stones, and staggered wooden blocks.‘ 

The calculations of blockage by the roughnesses and the methods of 
I 

determining the effective flow depths were different. Some studies 

made corrections for the side wall shear, whereas others did not. All 

these factors contributed towards the variation of f values. Three of 

the curves from Figure 6 are shown as dashed lines in Figure 7. The 

agreement can be considered reasonable in light of the above discussion. 
Figure 7 supports the argument that ez~ uw is a more appropriate assuption 
than ez¥u*h and ez/uW is the dimensionless variable which should be used. 

I‘!



Table .1 
-‘ su_M1~1ARY or HYDRAULIC DATA AND RESULTS 

.. 
5 e , in. ‘ u, in 11*, in Cefitmetegs ez w ez 

Bed W, in t. h, in Centimeters Centimeters. f squared —- 9- -' 
roughness centixneters .'Cent:-imeters per second per second P81’ 3930115 “*h 1‘ “W

_ 

(1) (2) 2 (3) (4) <5) 
; <63 (7) <8) (9) (10) 

2.7 mm sand 60 3.92 20.41 1.88 
3 

.068 1.105 0..15o 1.5.31 . 9.o2x10 
"_ 7' 3.32 19.58 2.03 .086 G.-.878 0.130 18.07‘ 7.47 " 

.,-, 

’ " 

1'20".-08 05.592 0..1;4.2: 34.48; 4.91- 
'-' " 1.43 

_ 

20.83 2.80 -145 0.601 0.150 41.96. . 4.81:. ." 

" 45 3.75 19.50 1.82 .070 0:929 0.136 12.00 10.59 " 

" " 3.22 20.15 ' 2.09 .086 1.162 0.173 13.97 12.81‘ " 

" " 1.80 20.00 2.39 .114 0.85 0.197 25.00 9.44 " 

" "' 1.27 - 19.95 2.69 .145 0.883 0.259 35.43 9.84‘ " 

1.4 mm sand 60 3.06 19.66 1.54 .049 0.615 0.131 19.61 5.21 " 

" " 2.30 20.36 1.78 .061 0.502. 0.123 26.09 4.11 " 

." -- L79 20.02 1.87 .070 0.363 0.108 33.52 3.02‘ " 

" " 1.40 20.12 2.09 .086 0.335 0.114 42.86 2.78‘ " 

" ‘ 45 4.0 19.94 ' 1.58 .050 0288 0.139 111. 25' 9.81‘ " 
"' " 2.78 19.82 1.76 .063 0.67 0.137 16.19 7.51 " 

2.0 mm sand . 30 3.38., 20.41 1.91 .070 0.884 o..137 8.88 14.43 " 
" " 2.52 20.10 2.08- .086 0.915 0175 11.90 15.17" " 
" " 1.55 20.00 2.39 .114 0.74 0199 19.35 12.34 '-' 

smooch 
. 

60 4.15 33.73 1.96 .027 1.399 0172 14.46 6.91“ " 
" 3.90 30.77 1.82 .028 1.144 0.161 15.38 6.19 " 

" 4-55 I7 95 1-996 .030 0.74 0161 14.29 6.89 " 
" "' 4-85 15~46 0-9.3 ‘.029 0.907 0.201 12.37 9.78‘ " 
" " 4.96 30.24 1.72 .026 1.41 0165 12.10 7.77" "

O



"SUMMARY 

Results from the present experiments showed that, at constant 

velocity, the value of ez increased when the flow depth for a given" 

channel was increased. Similar results were found for other published 

ldata ,~tBecause the spreading due to turbulent fluctuations‘ 

ought to have decreased when the flow depth is larger, thisincreasmsinr 

spreading rate must then reflect an increase of the spmeaing.dneeto: 

secondary circulation. Increases in ez were also found.when.thesdepth 

was constant but the channel width was reduced. These results lead to 

the conclusion that the dominant mechanism in transverse spreading is 

the secondary circulation which is driven by the variations in trans- 

verse shear, which in turn is governed by the width to depth ratio in. 

a rectangular channel. This conclusion offers some explanation why no 

consistent patterns of variation can be found for the published values 

,of the commonly used dispersion coefficient ez/ugh. The assnmptinn:that; 

ez is proportional to u*h is not a good one because u*h reflects the 

turbulent shear and not the secondary circulation which is more impor- 

tant. Predictions of ez/u*h for different flows are pratically impos- 

sible. It was reasoned that ez 4 uW might be a better assumption and 

plots of ez/uw versus W/h "did show much more consistent variations with 

ez/uW decreasing with W/h and increasing with f, This supports the 

argument that ez/uW is a better dimensionless dispersion coefficient to 

use than ez/u*h. 

More data are needed for W/h ratios larger than 50, although 

it.can be expected that for very large W/h ratio, ez should approach a 

constant for constant u, and therefore, curves for'c°nstant:f éhbuld 
vary as l[W.,”It is also expected that ez/uW_wil1 be different ‘fat 

I5
'



.for other cross—sectinual shaes su:h.as trapzniflzfllchannelssbeeause; 

the secondary circulation may be quite different. Whether the differ- 

ence will be very significant can only be determined by experiments. 

The writers wish-to acknawiedge the~assfstanceroffR3 Tbniiand. 

F. Dunnett in the conducting of the experiments and:the:ana1ysissof‘ 

data.
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‘ ‘_§-APPENDIX II -A NOTATION 

The following symbols are used in this paper: 

‘:1 

” 

<>

u 

depth averaged concentration; 
= deviation from depth averaged concentration; 

.<:coe£ficient-respectively; 

II 

II
n 

depth averaged longitudinal and transverse dispersion 

Darcy — Weisbach friction factorif 

mean flow depth;
I 

dimensionless dispersion coefficient ez/u*h; 

time 

depth averaged transport caused by turbulent fluctuations in 

the x and z directions, respectively; 

depth averaged velocities in the x and z directions, respectively; 

deviation of velocity fron the depth averaged values; 
shear velocity; 

A

I 

_Wi__dth or cl.§enne1»_. 

longitudinal and transverse co—ordinate respectively; 

fluid density;' 

dynamic viscosity; 

a function; 

second.moment of the concentration distribution 

19.
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APPENDIX III - PREVIOUS DATA 

I 

‘01spE8s10N IN RECTANGULAR CHANNELS 

~Tahle III --1. - SUMMAKY OF PREVIOUS PUBLISHED DATA ON TRANSVERSE 

Reference Bed 
I 

w,- in h. 1;” 
I 

in E 
E 

e ‘min 
1- :5 :5 roughness Centimeters Centimeter5 g::t:::::;s 

h 
I 

:§§E:E::er u*h “W 

(1) (2) {3} <4) (5) (6) (7) 
' 

(8) (9)2 (10) 

Eléetmgz) #m°oFh. _ I 35;o 
: 

'_1.2 ..21.64 
I 

W30.0_ 0.043 30.305‘ 
0.16 3.92310 

Engmann“(§) ’ 

Meta; lath" 121.92 3.96 3‘26.4‘ -130.76-0.053 -1.24 0.146 3.87xIO 

u ‘ 0 4.05 4322.891 "30.07.0;050 51.32 0.18 4.73 " 

u u 
_ 4.72 ‘.f12.31 25.81 0.068 0.86 0.159 5.69 " 

' 

-- " 6.49 19.66 18.78 0.051 1.55 0.152 6.47 " 

Holley (5) Concrete 120.0 9.7 11.2 12.37 0.023 0.924 0.16 6.87x10 
Kalinske and Smooth 69.0 15.8 94.5 4.37 0.024 6.56 0.08 10.06x10 Pien (7) 

y111er and_ Rectangular 59.74 12.65 30.48 4.72 0.078 3.72 0.098 20.4x10 
R'r11sot1(lJ_:) Blocks " 12.65 53.34 4.72 0.076 8.27 0.123 25.9 " 

" " 12.50 81.38- 4.78 0.077 18.87 0.110 38.8 " 

" *" ‘ 512.47 
_ 

"31.09 4:79 0.210 9.38 0.139 50.5 " 

-9 " 12.62 
_ 

53.34 4.73 0.180 15.52 0.151 48.7 " 

E 

" " 13.20 76.81 4.53 0.166 22.76 0.155 49.6 " 

I " "« 12.71 31.39 4.70 0.343 14.77. 0.180 78.8 " 

" " 12.62 53.34 4.73 0.368 23.78 0.163 74.6 " 

" " 13.11 77.42 4.56 0.353 36.24_ 0.169 78.3 " 

Okoye (12) Smooth 85.0 1.52 31.2 55.92 0.037 0.635 0.197 2.39x1o 
" " 2.95 27.1 28.80 0.027 0.790 0.166 3.34 " 

" " 5.25 42.6- 16.19 0.022 1.33 0.112 3.67 " 

" " 5.25 42.8 16.19 0.019 1.33 0.122 3.66 " 

. f' " 5.25 42.5 16.19 0.021 1.43 0.126 3.99 " . " " 5.26 41.7 16.09 0.021 1.21 0.108 3.41 " 
" " "5.26 42.4 16.16 0.020 1.45 0.130 4.00 " 

- 
" " 10.70 41.8 7.94 0.017 2.09 0.103 5.88 " 

" " 
- 17:34.- 36:9 - 4:99.<?.:°48-.2-85



Table 111 - 1 - CONTINUED 

etence Béd W. in h, -in u, in . E E 
. e,,, in: e:-_ e—:_ 

* roughnes 5 Cent ixneter 5 Cent imet ers Cent imet ers h -2-‘ -2-1 . per second .squared per u *h uW 
second 

((1) (2) (3) (4) (5) (6) (7) 
_ 

(8) (9) (10). 

koye (12) Smooth 110 1.59 32.8 .0:029' 0.79 0.235 2.19x10‘ 

n 9 2.74 V_50.4 >40;i5.0.022: 1119- 0:164- 2.15= " 

0 " 2:75’ '.'30.0H 40.0=:0.0z4E60.79: 0.174. 2339=_9 

" " 3.46 32.0 »3I-T9Vfl.02§. GLEZ 0.142. 2;46' " 

-1 " 5.41 43.5 20.33 0.0z0~ 1.62 0.137 3.39 " 

'~ " 5.53 42.0 19.89 0.022 1.65. 0.135 3.55‘ " 

1- " 10.81 39.2 10.17 0.018 2.78 0.138 6.42‘ " 

" "V 
17.31 34.9‘ 6.35 0.018 3.25” 

A 

0.113 8.47“ " 

" " 21.97 30.5 5.0 0.017 3.26 0.107 9.81 " 

D Stones " 6.81 35.9 16.15 0.156 4.81 0.141 12.18 
-' "~ 8.66_‘ 41.0 12.70 0.125 6.03 0.136 13.37 " 

" .“ 10.36. 42.8 “10.62V0.I12. 7148 0.143 15589? " 

" " 17.07 35.3 6.44.0.o85' 6.74. 0.108 17.28‘ " 

Prych (14) Smooth.‘ 110‘ 4.05 35.4 27.16 1.06 0.138 <2.72x10’ 
" " 6.55 45.2 16.79 0.018 2.04 0.145 4.10 " 

" " 11.10 46.0 9.9 0.015 3.56 0.162 7.03‘ " 

Metal lath " 3.90 37.3 28.2 0.080 1.98 0.136 4.82 " 

!' " 
‘ 

6.40 45.9 17.18 0.061 _3.52 0.137 6.97 " 

iayre and Wooden 238.657 14.81 23.47 16.11 0.211 9.57 0.179 17.08x10* 

Ihang (15) Blocks " .24.81 34.14 9.62 0.138 21.37 0.192 26.22 " 

" " 37.09 47.55 6.43 0.098 35.76 -0.183 31.52 " 

:u11ivan (16) Smooth 80.0 7.32 22.90 
A 

10.93 0.022 1.18 0.133 6.43x10" . "' 8.95 18.50 8.94 0.023 0.97 0.110 6.58 " 

" " 10.20 15.30 7.84 0.023 0.91 0.108 7.43’ "
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