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THE EFFECTS OF SIDE WALLS IN RECTANGULAR CROSS
SECTIONAL CHANNEL

By Shohei Adachi, C.E. Member

Many experimental flumes for basic studies on
the resistance to flow have rectangular cross
section. There are often needs to estimate the
effects of side walls. Particularly, in case of
model experiments it becomes very important
requirement for similitude between model and
prototype, owing to distortion of linear scale
and roughness composition.

The effects of side walls on turbulent flow
were studied by G. H. Keulegan, P.W. Powell
and . A. Einstein on the basis of the partition
of water cross sectional area, and in conclusion,
the resistance formula on two dimensional flow
is useful for practical purposes, if water depth
is replaced by hydraulic radius on entire or
partitioned area and a few constants are added.

The author does not object to this practical
use, but it seems the assumptions is Infui-
Indeed, L. G. Straub and others des~

cribed in their papers, that there were only a

tional yet.

negligibly small channel shape effect on smooth,
turbulent flow and a somewhat more pronounced
effect on rough, turbulent flow. In this paper
the author reexamines the intuitional assumptions
and intends to explain a principle of estimating
the effects of side walls on turbulent flow in
a rectangular cross sectional channel.

It is true that the problems of side walls
should be treated as a three dimensional turbulent
flow, but it is very difficult to solve strictly.
Then it is assumed that water cross area may
be partitioned into two parts corresponding to
bottom and side walls and in each part flow
is two dimensional. This assumption may be
permitted, except near the corners of section,
because empirically velocity contour lines on
water cross section run almost parallel with
bottom and side walls. In using such an assump-
tion, the condition of dynamic equilibrium in
each partitioned area should be satisfied respec-
tively.

Considering that the flow in partition areas

are independent of each other, shearing stress on
the partition line should be zero. Accordingly,
2,B=2 A 0 gl, and F;H=A,0gl, -+ (1)
where B=width of the channel, H=water
depth, 7, and 7,=the average shearing stress
on bottom and side walls respectively, 2A, and
A, =npartitioned area corresponding to bottom
and side walls respectively, o=density of the
fluid, g=acceleration due to gravity, and I,=
slope of energy line.
Using the logarithmic law, the velocities in
partitioned areas corresponding to bottom and
side walls are respectively.

“ o D log, (M), and 2= log,(M,y) (2)
%2

Uy £

where #, and u,=velocities at a distance z
from bottom and a distance y from side wall
respectively, u., and w,,={riction velocities of
bottom (= +/7,/¢) and side wall (= 7]
respectively, M, and M, =constants related with
roughness of bottcm and side walls respectively,
and «=Kérman constant.

On the partition line it should be satisfied
u,=1u,, hence the partition line is given by

Y= (MM R oeneneneeninnee (3)
where

a is an index relating to inequality of shear-
ing stress.

Using (3), and putting r=2H/B, A, and A,
can be obtained as a function of a and 7.

From (1) and (4), the equation of a is
obtained as follows :
Ml‘i(@f)”'l o arrme )
M, \ 2, at+r . (5)

‘

azr

. M E\ o gi‘j_ﬁ'_‘ |
a=7 i 3r (2) v alarDFY

Although general algebraic solution of (5) is

hardly found, the values of « for individual

condition can be calculated easily comparatively

by means of an adequate graphical method.
The constant M; (/=1 and 2 corresponding

to the bottom and side walls respectively) have
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various forms according to the kinds of rough-

ness. For example,
M;=9 uy;/v : for smooth,
M;=30/ks; : for sand grain roughness.
But they can be written as;
M= KGR i veeevvenneaivensiiesinicnien (6)
where
K;=9 ygl./» and 8;=1/2 : for smooth,
K;=30/k;; and 0;=0 :for sand grain

roughness,
and these constants are independent of the
dimensions of channel section.

Substituting (6) into (5), it is found that the
dimensionless parameter K; (B/2)%*'is a sign-
ificant factor to estimate the effects of side
walls.

K;(Bj2)tit =9 ygI,(B2) (B/2)/v : for smooth,

K;(B[2)?i=30/(2 K§,;/B) : for sand grain rough-

ness.

The higher value of K (B/2)’** is, the more
remarkable the variation of a against y becomes.
Then, some difference of the shape effect, bet-
ween the smooth and rough channels appears.

When the values of a are obtained numerically,
the partition of cross section comes to a defi~
Then, integrating (2) over each
partitioned area the average velocity for the en~

nite decision.

tire cross sectional area can be found as follows :

a>r U*—*—Lglogg(MH) -2 ”
a a*+r (7)

==l

‘While the hydraulic radii on the partitions

P U=t %Iogg(MB/Z) l—q—

are given by

RI:ZA]/B:;L“T_EA“_(ZI‘J“_T)R ]
at+r 2 a -7
. B 1y % ...... (8)
= e 22T \
Ry=A,/H at+r2 a*+r )

Moreover, the {riction velocity, Usp for entire
perimeter can be represented as follows :

Usr= ¥gI,R=us: vRIR,=us: vR/R,

Therefore, from (7), (8) and (9), the friction
factor U/Uyp i5 obtained.

U avli+r
a>r Ton m{loge(xWR) 1+log,
<a2-+r> . a 1}
)T T,
Ua ILT a a0
. vi-ry
a<lr: er h«/a = {loge(MR) 1+log,
2
AN
a’-ry a -r

In the former study on the effects of side
walls, Einstein’s method of calculating the resp-
ective hydraulic radii on the partition is {amous.
He assumed that the average velocity is the
same for all partitioned areas, and friction for-
mula applicable to the entire section is also
Using the

logarithmic resistance formula, his assumption

applicable to each partitioned area.

can be repersented as

_(L~_{10ge<MR> 1} (i=1,2),

Ui
On the other hand, according to the author’s

consideration,
U 1 )
— == {logeCMiRi)_l""Fi(a:T)} ............... 12
*i
where the last term is
atf+r a 1
a27‘ H F1:10g5< P >+—;2_’1—‘7‘;,
az
F,=log.(a+1)+ e —a.
o a+1 7 1
a<lr: Fl»—log‘,(—a—)—k P
B a’r ar
F2w10g2< e ) v
Using the above consideration for partition of

cross section, the momentum correction factor
o which represents to compensate for the use
of average velocity is given as

a=1+ f(uyp/c U)z .............................. (13>
where

. @0+ (. 2r(4a—ad)
azr i f= at+r {1 a*(a+1)(a®+r)

_L( r >2 }
at \ a*+r

PP s 24*(a®*+a—1)

a<r: f= a*+r % (a+1)(a®+71)

&
(75

and ¢ in this case is greater than 1. to

conclud,

13 the resistance formula on turbulent flow in

open channel with a rectangular cross section is

represented as (10),

2) K(B/2)"" is the significant factor to estim-

ate the effects of side walls,

3) the base of the assumptions the partition

methods is explained,

4) the formula of calculating the momentum

correction factor ¢ is obtained as (13).





