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ABSTRACT

‘Dimensional analysis shows that the commoﬁly used dimension-
 less transverse disper;ion_gpgﬁfi;?ﬁggfuikfu*yfmf?qg;%;iegeﬁd,onlboth

the friction factor a;d.tﬂe‘ﬁidthrtbh&e;tﬁz;;tf;féé;tﬁegfﬁiu. Imspection:
of published data fails to resolve this dependence and experiments: were
performed to conduct a systematic inVestigatipn. Results for e, 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 cénsiStent trends in the variation of ez/u*h and suggest
that u*h is not a good representation for e,- An alternate dimensionless
dispersion coefficient, ez/uw, is introduced and appears to account for
secondary circulation effécts more properly. The results can be correlated
with width to depth ratio and friction factor quite systematically and
ez/uW is suggested as the dimenéionless 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 indiéﬁe que le coBfficient de dispersion trans-
~ versale sans dimension utilisé le plus fréquemment, ez/u*h, devrait étre
fonction du facteur de .frottement et du rapport largeur/profondeur de 1'écou-
lement. L'étude des données publiées ne résout pas cefte dépendance et des
expériences ont été faites pour procéder 3 une &tude Systéﬁatique. Les
résultats e ménent 4 la conclusion que la circulation secondaire, et non

les fluctuations turbulentes, constitue le mécanisme de transport dominant.
Ces résultats permettent d'expliquergpougquqi,on;n{esthas"parvenufa trouver
des tendances uniformes dans la variation de_eZ/u*h et proposent que u.h ne
constitué pas une bonne représentation pour e . Un autre coéfficient de
dispersion éans dimension, ez/uw, est introduit et semble mieux justifief

les effets de la circulation secondaire. On peut mettre les résultats en
corrélation de fagon assez‘sysfématique.aven le rapport largeur/profondeur

et le facteur de frottement et on propose que ez/uW soit le eoéfficient sans

dimension 3 utiliser pour la disperson transversale.




INTRODUCTION

The calculation of the spreading fate of materials and their con-
centration in natural rivers is usually based on solutions of the mass con-
servation equation. Analytical solutions. exist forVUniform flows in straight

" .channels while mdreAeomplieate&‘streéﬁAgeoﬁetries or flow conditions can be
haedlea by numerical methods. However, the accuracy of these solutions

| depends on having.correc¢t values for fhe turbulent mixing coefflcients. For
lateral spreading, it is customary to assume that the 1atera1 mixing coef-
ficient is proportional to the product of shear velocity and average depth.
The proportionality constant is called the dimensionless transverse dispersion ‘
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 Krishnappan (9) have shown ‘that K incredses - -

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

"~ “equation is written as

3(he) + 3(huc) + B(h = 3 he_? he_ Sc
ot e ve) ( —9 - (D)

where ¢ = depth averaged concentration;
u,w = depth averaged velocities in the x and z directions, respectively;
h = mean flow depth;
e e, = depth averaged longitudinal and transverse dispersion coefficient,
respectively;
X,z = longitudinal and transverse co-ordinate, respectively;

t = time.

The derivation of Equation (1) and the assumptions involved have
been discussed by Holley (5).. In this equation, the dispersion coefficients

ey and e, are“defined as follows:

: y\y T
u'ec” + T
e - - ( [ A x) e o o © © © & 8 e ©°o © o (2)
x dc/dx
wel + T
e = - ( c . z) ° L) ° © L . ° L L o L] o (3)
z dc/dz
where T;; T; = depth averaged transport caused by turbulent fluctuations
¥y 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 e, and e, Tepresent
transport by the turbulent fluctuations as well as the transport arising from
vertical shear in the case of e, and from secondary circulatioq in the case

of e .
z

.. Using Equation (1), Holléy (glggrivéﬁ”& generalized clange: of-
moment'method for evaluating e, from measured cuqcentratian;distrihntions,
considering steady state conditions and'neglecting'1ongitudinal 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, e is

given by the usual formula

e = g ,d—oz o L] [ o o ® ° ° ® o .0 L] . L] L] L) (4)
2 dx

where 02 is the second moment of the concentration.distribution; given by

the relation

w/2
J' z? ¢ dz
0'2 = -'W/Z' . n....ceou...(S)
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 w is not, and therefore, even for a
straight rectangular channel,ez represents the rate of spread of the

concentration distribution wiich is caused by turbulent fluctuationg as

well as the secondary circulation in the cross section.,




Dimensional Analysis: Since a theoretical relationship-for e, does not

exist, it ought to be useful to perform a4 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-

:~loc1ty u*, the density p and the viscosity u. Therefote,

e = [ ( u, h, W, u,,p, u) : B ()

Dimensional analysis then gives

e_z- = Q(_u*’ B’pu*h) o o ©o e o ¢ 00(7)
Cuh ' u h u

where € is the dimensionless transverse dispersion coefficient K.
uh

For hzghly turbulent flows with rough boundaries the effect of

visc051ty can be neglected and one can write

e ¢"(f,y_)A | P )

"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.




Previous 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
uﬂroqghened bottoms. In mbéf instance§;in§Aﬁbte 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 TIi-1 in Appendix III.

Figure 1 is a plot of ez/u*h Qersus W/h using all the data
points. - The value of f is written beside each dafa“ﬁoint. It is evi-
dent that ez/u*h is not a constant even for straight rectangular channels.
The vélues 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 transverse velocity w.
This transport has not been separated out but has- been- lumped into e,
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 va;ies
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 £ from the data of Miller and Richardson (11). Thig
effect has been pointed out by Engménn (4), Jobson (6) and Lau and -

Krishnappan () in their discussions of the work of Miller and Richardson,




. Figure 2, which is a plot of ez/u*h versus f for points all having W/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-

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

- -about 16, a point from Prych with f = 0.018 (smoath bottom) gimas‘ei!u*h

equal to 0.145, whereas, a point from Okoye with f = 0.16 (stone ronghness)

gives ez/ﬁ*h equal to 0.14.

The manner in which ez/u*h ought td:vary with W/h is- also not
very clear. The only published work so far which tfies to'account for the
effect of width to depth ratio is by Okoye (12), who suggested that ez/uﬁh
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 comsideration all
the other éata, there is no indication that such a variation applieé 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, careful.
ihspection of the data reveals some contradictions to this réasoning. Fig.3
shows a plot of e, véfsus h for some of the data of Okoye, Prych and Engmann.
To investigate the effect of depth on.e , points with constant width ana
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
;nd W and do not suggest linear variation 6f e, with h). At constant u and

W, as the depth is decreased, the friction faétor and the shear velocity

‘increase and the turbulent fluctuations should increase. However, it can

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

suggeéted.




At is evident that further investigations are needed fm order
to clearly define the dependence af 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 thét the functional rela-

- .~tionship .indicated by Equation 8 can be sought.

EXPERIMENTAL 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 sérewjacks. Discharge measurements were made ;sing a weir box

at. the downstream end.

The flume bed roughness Qas varied by ﬁsingnéands of & fferent
sizes. 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 sb 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
e 7




flume was narrowed and the runs were repeated, givihg a variation in
‘ ﬂdth 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
Fepeated bacauss of limitstions in £low depthy which could be uaed.
However, the intermediate values of f ﬁérerﬁli théuéaﬁé::ﬁTﬁe‘fidw:&epths
varied between 1.3‘fm and 5.0 cm. ‘Mean flow velocitiés were kept approx-
imately constant at 20 cm/s for most of the runs. The hydraulic data for

the 22 experimental runs are summarized in Table 1.

Dispe:éion 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/%. _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 velociﬁy
in the flume. The tracer concentrations were measured at mid-depth using
a single electrode conductivity probe of the type usedAby McQuivey and
Keefer (10). The output was recorded on a Hewlett ?ackard model 7100BM
strip chart recorder. The probe construction, bridge circuit, cali-
bration 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




-~vertical mixing was compieted before the first station.. Great care: was:
‘ taken to obtain the correct concentration values at the edges of the plume
by measuring the background concentration without tracer injection either

immediately 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 dist;ibutions were_calculated
from Equation (5). The dispersion coefficient e, was calculated using

‘ Equation (4). The values of e > as well as the non-dimensionalized dis-
persion coefficients are listed in Table 1 together with the hydraulic

data.

Figure 4 shows a plot of e, 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 e, with h as those of the previous workers given in Figure 3, i.e. e,
or the spreading rate, increased as the depth increaséd, with width and
velocity kept constant. Also, given the same bed roughness and flow depth,
e, 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




'.=‘*».effec-t, the results of that particular test were not used. "These results
all confirm that as the width‘te 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 bettom shear stress
was smaller and the turbulent fluctuations ought to be less intense. Re-

vcalling ‘that e, represents the sum cf the transports caused by the ‘turbu-

lent fluctuations which are generated by the bottom shear,and by the
secondary c1rcu1ation which is largel;Aaffected 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 thisAinéfeaSe was more than sﬁfficient to compensate for
‘the decrease in transport by the turbulent fluctuations, resulting in a
net increase in spreading rate. This also suggests that as far as trans-

verse spreaaing is concerned, the dominant mechanism is the secondary

circulation 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 gnderstanding 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 such small Wh ratios are not

of much practical significance. An analytical'solution'based’en the "assumption




of laminar flow was also presented anq although it carnnot 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 tranéverse variation in shear
stress, it is reasonable to expect that.for the smaller width to depth

Aratio, when fhe variation in shear is larger, the secondary circu;ation
ﬁill be stronger. It folléés then fh;ﬁ'the t};néport due to tﬁe 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
mm sand also shows that for the same width and depth, e, 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 gf
f are shown beside each data point. The dashed lines in Figure 5 are
used to show the trends in thé variations of ez/u*h at constant values of
f. _;t 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 15, 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 = |07 appears to réverse in érénd,=with ez/u h
decreasing as W/h becomes smaller. More disturbing is the fact that the

data for the smooth wall tests, with much smaller values 6f friction -
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factor, have ezu*h values just as large or larger than the rest. It
’ appears thaf the organized picture shown by the dashed lines would not

persist for all values of the friction factor.

Some understanaing of this confuéion may be obtained‘by

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

have shown that, with all other'parameters*képt ccnstant,_eztienneaazd

as the width W ﬁas increased, and this.appears to be the effect of sec-

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

to depth ratio becomes large, the channel is essentially two-dimensional

o and the spreading rate should no longer be affected and e, 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. H6wéVer, u, has

also increased. In the present experiments, the increases in e, were larger

‘ o . than the in-creases in u,, resulting in increases of ez/u*h with £f. 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 inéreased as the W/h ratio decreased and the results strongly indicate

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

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

0 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 £,

In the light of the above discussion, the confused picture
ishown by the data in Figuré 3 is really not surprising and it may be vir-
tually impossible to obtain an organized set of curves indicating the

. vari'atiF)n of ez/u*h with W/h. This points to the fact that (u,h) is
not a.good parameter for the representation of e, because it emphasizes

the bed shear which is actually not the dominant transport mechanism.
' 12



~-An Alternate Dimensionless Dispersion Coefficient

Considering.that secondary circulation appears to be the
more important factor governing transverse spreading, it seems more
appropri;te to use the channel width as the characteristié length scale,
Since the effect of u, is already included in the parameter f, it may be
iésimpler to use u instead.of uy for the characteristic velacity IE the
»fdispersion coefficient e is assumed to be proportlonal ta 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 Q;re 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 £.
At constant width to depth ratios, when the secondary circulation should
have the same effect, the rougher flows should havé iérger valﬁés 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

'is a better representation of e, than u,h.

The previously published data of ez/u*h which are shown in
Figure 1 are now replotted in the form ez/uW in Figure 7. All the data

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

.13




“values too large to be included in the figure. It can be seen that
»alfﬁough fée correlation-is not‘qﬁite as good as in Figure 6, there

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 1arger‘va1ues of £. Ihe trends shown are the same as those in

VFiguré 6. A fair amcunt-§f scatter 316;g lihés éf constént 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

' 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 £ values. Three of
the curves from Figure 6 are shown as dashed lines in Figure 7. The
agreement can be considered reasonable'in 1ight of.the aboVe.discﬁssion.
Figure 7 supports tﬁe-argument ﬁhat e ~ uW is a more appropriate assumption

than ez;u*h and ez/uw is the dimensionless variable which should be used.

14




Table 1 - SUMMARY OF HYDRAULIC DATA AND RESULTS

‘e , In -

‘ u, in Uys in Cerzatimetve;.’s f_z_ Y _ei
cougipess [ceneeeees contibecees | oo sccoes | ver secons’, " [ser aeona | | & | a
cou%tix)xess cent:?;t)ate?f en(3) @ ) (6? h ) (8) 7(9) (;0.)
p.7 mm sand éo | 5 3.92 20.41 1.88 o .068| 1.105 [0.150[15.31[ 9.02x10"

" m 3.32 19.58 2.03 -086| @.878 9.130{18.07| 7.47 "

- 1:74 ©20.08 2.3 4] ©.592 |0.142] 3448 4.01 "

" . 1.43 20.83 2.80 . |.145| @.601  |0.150|41.96| 4.81 "

" 45 3.75 19.50 1.82 .070| 0929  [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 "

D.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 "
‘-- " 1.79 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| 0.88 0.139|11.25| 9.81° "

" " 2.78 19.82 1.76 .063]| 0.67 0.137(16.19 | 7.51 "

.0 mm sand | 30 3.38., 20.41 1.91 .070| 0.884 0.137 8.88 f14.43 "
" " 2.52 '20.10 2.08 - .086| 0.915 0175(11.90 f15.17" "

" " 1.55 20.00 2.39 J114 | 0,74 0199{19.35 12.34 "
mooth 60 4.15 33.73 1.96 .027 | 1.399 Q17214.46 | 6,91 "
" 3.90 30.77 1.82 .028 | 1.144 0.161/15.38 {6.19

" & 4.20 17:90 1.096  [.030 | 0.74 Q161/14.29 |6.85

" o 4.85 15.46 0.93 '.029 0.907 0201 {12.37 {9.78 "

" " 4.96 30.24 1.72 .026 | 1.41 Q165 12.10 |7.77° "

®
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Results from the present experiments shqwed'that, at congtant
velocity, thé value of’ez increased when the flow depth for a given
channel was increased. Similar results were found for other published
~data . - Becanse the’ spreadlng due to tnrbulent fluctuat:nns
A_ought to have decreased when the flow depth is Iarger, theerncrease:in-
spreading rate must then reflect an increase of the spreading. due: to:
secondary circulation. Increases in e, were also found when the: depth
was constant but the channel width was reduced. These results lead fo
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 rétio in.
a rectanguilar channel. This conclusion offers some explanation why no
consistgnt'patterns of variation can be found for the published vaiues
.of the commonly used ﬁispérsion coefficient ez/u*h. The»assumptiﬁn:that:
e, is prqportional to u,h is not a good 6ﬁe becau;é u*ﬁ reflectS’tﬁe
turbulent shear and not the secondary circulation which is more iﬁpor—
tant. Predictions of ez/u*h for different flows are pratically impos-
sible. It was reasoned that e, ~ 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 suéports the
argument that ez/uW is a bétter 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, e, should appr;ach a
constant for constant u, and therefore, curves for constant:f should
vary as 1/W. It is also éxpected that ez/uw_will be different for
15




. for other cross-sectionzl shapes such as trapezoidal channels: because:
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 écknawiedge the assistance of R, Téni:and.
F. Dunnett in the conducting of the experiments and the: amalysis:of-

data.
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Figure 5. Variation of e_z/u*h with W/h and f for the writers' data.
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. * - -APPENDIX IT — NOTATION

The following symbols are used in this paper:

N_e_ =

..-coefficient respectively;

]

Heu

depth averaged concentration;

~ deviation from depth averaged concentration;

depth averaged longitudinal and transverse dispersion

Darcy ~ Weisbach friction fgéﬁor‘
mean flow depth;

dimensionless dispersion coefficient ez/u*h;

= time

depth ayeraged transport caused by turbulent fluctiuations in

the x and z directions, respectively;

depth averaged velocities in the x and z directions, respectively;
ééviétion of veiocity from the d;bth averaéed véiuéS}

shear velocity; | |

width of channel

longitudinal and transvérse co-ordinate respectively;

fluid density;

= dynamic viscdsity;

a functiong

second moment of the concentration distribution

19
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APPENDIX III - PREVIOUS DATA

~ “DISPERSION IN RECTANGULAR CHANNELS

-.Table III -.l. - SUMMAKY'OF”PREVIOUSfPUBLISHED DATA ON TRANSVERSE

e ) T . W . e , in e e
B e N -
: second
@ @ &) ) (5) @ m | @ e a0
o @ |swom | %0 | 12 | 2L [0.0]0.0 065|036 | 3.8e0
ingman;”té) Thtetal 1ath | 121.92 3.96 | 26.4  |30.76]0.053 1.2 0.146| 3.87x10
no " 4.05 |[-22.89 |30.07/0.050 1.32 0.18 } 4.73 "
" " 4.72 | -12.31  |25.81/0.06§ 0.86 0.159} 5.69 "
| " " 6.49 19.66 18.78] 0.05Y 1.55 0.152) 6.47 "
Holiey (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 4.3710.024f 6.56 0.08 |10.06x10
Pien (7)
Miller and | Rectangular 59.74 12.65 30.48 4.7200.078 3.72 0.098]20.4x10"
R'a_rasori(u) Blocks " 12.65 53.34 4.720.076| 8.27 0.123/25.9 "
" " 12.50 81.38 4.780.077| 18.87 0.110/38.8 "
" " 712,47 | 31.09 4.79]0.210] 9.38 0.139]/50.5 "
" " 12.62 | 53.34 4.73}0.180| 15.52 0.151]48.7 "
| " " 13.20 76.81 4.53]0.166] 22.76 0.155/49.6 "
j " " 12.71 31.39 4.70|0.343|14.77 0.180[78.5 "
" " 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 85.0 152 31.2 55.92|0.037] 0.635 0.197|2.39x10 -
" " 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 "
. " " 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 7.9410.017 | 2.09 0.103{5.88 "
L " " - 17.34 ﬂ“3§i9ﬂ;r - .41994959}8-#?'§§ o.o94L9.o§ "




Table III - 1 - CONTINUED

N
erence Bed W. in h, in v, iIn | W £ | e, ix e: e-
‘ roughness [Centimetersfentimeters [Centimeters{ h Cenfimeterd -& =
. per second |squared ped wu/h uW
second
(1) (2) (3) (4) (5) 6) | (7) | (8) 9 (10)
koye (12) Smooth 110 1.69 32.8  |65.1]0:029 o0.79 0.235] 2.19x10°
" " 2.74 | 50.4  [40:i50.02% LI9 0:164] 2.15° "
" - 275 | 30.0 w,o-‘ié;xr'ij»mn 0.174] 2:39: »
" . 3.46 32.0 379 0.0 @ET 0.142] 2:46° "
" " 5.41 43.5 20.33 0.020° 1.62 0.137] 3.39
" " 5.53 42.0 19.89/ 0.027 1.65 0.135| 3.55
" " 10.81 39.2 10.17( 0.018 2.78 0.138| 6.42° "
" " 17.31 34.9 6.350.018 3.25 | 0.113| 8.47"
" 21,97 30.5 5.0 | 0.017 3.26 0.107| 9.81 "
P9 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 10.62 0.I12.  7.48 0.143}15:89 "
" " 17.07 35.3 6.44| 0.089 6.74 0.108/17.28 "
Prych (14) | Smooth 110 4.05 35.4 27.160.023 1.06 0.138] *2.72x10”
" - n 6.55 45.2 16.79| 0.018 2.04 0.145 4.10 "
11.10 46.0 9.9 |0.015 3.56 0.162f 7.03 "
Metal lath " 3.90 37.3 28.2 | 0.080 1.98 0.136| 4.82 "
" " 6,40 45.9 17.18{0.061f 3.52 0.137] 6.97 "
ayre and Wooden 238.65 | 14.81 23.47 16.11] 0.211| 9.57 0.179] 17.08x10~
hang (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 0.184 31.52 "
ullivan (16) | Smooth 80.0 7.32 22.90 | 10.93]0.022 1.18 0.13] 6.43x10
@ " 8.95 18.50 8.94/0.023| 0.97 0.11d 6.58 "
" " 10.20 15.30 7.84/0.023| 0.91 0.104 7.43 "







