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Control Effect of Flow through Perforated Inlet Diffuser in the 
Rectangular Settling Tanks. I. Theoretical Considerations 

By 

Takeshi GooA * and Tomi taro SUEISHI* 

(Received January 31, 1961) 

In this paper, flow behaviour in the controlled inlet chamber of a rectangular 
settling tank are analysed two-dimensionally considering the lateral outflow through 
the perforated diffuser wall, and the effect of flow training or regulation by that 
type of diffuser are discussed in detail. In the case where the direction of the 
inflow is parallel to the diffuser wall, the distribution characteristics of the rate 
of discharge at the outer side of the diffuser seem similar to those for flow 
through a uniformly perforated pipe, a case which was previously analysed by 
one of the authors1l, and resulted in a flow with the tendency to turn aside 
towards the far end of the side wall. When the direction of inflow is perpendicular 
to the diffuser wall, a circulation of large scale occurs in the inlet zone upstream 
of the diffuser wall, and the velocity distribution along the diffuser wall shows 
very delicate changes. These results depend on numerical calculations based on 
an anylysis in which the viscosity is neglected and some other practical approxi
mations are made. 

1. Introduction .. 
One of the important hydraulic principles in designing various facilities for 

water purification and waste water disposal is that the more uniformly water 

is distributed or collected to and from all parts of the cross section in the facility, 

the higher the efficiency of treatment. Any accessory devices equipped with this 

aid may be defined as "training devices" generally in a wide sense ; among them, 

inlet and outlet perforated or slotted diffuser walls, vertical baffle plates, longi

tudinal training walls, submerged overflow weirs and overflow troughs used in 

settling tanks, the underdrain systems and overflow troughs equipped in sand 

filters are regarded as examples of "training devices" of a popular kind, which 

are adopted very widely for use in the field. For the problem of regulating flow 

in a sedimentation basin, the perforated diffuser wall seems to give superior 

results compared with other kinds of accessories because the flow regulation or 

control is quite effective not only in the horizontal, but also in the vertical direc-
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tion. In general, a diffuser wall is built perpendicular to the main flow at the 

inlet or outlet part of the basin, and in some cases other flow training devices 

such as a longitudinal training wall or transversal baffle walls are also provided. 

Furthermore, from time to time, in order to increase the settling efficiency, in

termediate diffuser walls are constructed according to the length and width of 

the basin. 

However, all the flow training devices mentioned above are constructed to 

prevent density currents, shortcircuiting due to wind drift, and disturbances of 

flow due to sludge deposits which might occur in the main body of water, while 

for the case where such phenomena are not expected to happen, flow training 

both at the inlet and outlet zones will usually be sufficient to maintain a favoura

ble volumetric efficiency. In another words, regulation or training of flow at the 

inlet, in general, is of the most important significance in the design of settling 

basin. 

Many experiments have been performed by using models or actual basins, 

and the results have been used to determine the most suitable position for the 

perforated diffuser plate and ratio of perforation. Nevertheless, these results have 

only a restricted range of validity because most of the experiments were per

formed under certain special hydraulic conditions and with only a few definite 

types of apparatus. One of the difficulties in comparing the results of flow re

gulation by model is the difficulty of measuring the local velocities in the vicinity 

of the diffuser, though, tracer methods are often used to calculate the volumetric 

basin efficiency indirectly. However, it is still considered difficult to avoid the 

undesirable effects due to the density difference between the tracer cloud and 

water fractions. Conventional design practices used in municipal water works 

are such that a proper length is selected for the space between the inlet end and 

the diffuser wall at first, and then slotted with a number of 10 to 15 cm diameter 

circular or rectangular holes so as to make the percent reducing rate about 5 to 

10%. It really seems quite inefficient to have many similar experiments still being 

made independently for each newly designed plant. Most of the inlet flow con

trol devices designed hitherto are not thought to be permanent, at least in the 

theoretical sense, but considered as temporary although recently a few up-to-date 

plants have adopted some new ideas, for example2
),

3
), the use of double vertical 

diffusers with fine and coarse perforations respectively. 

It is generally recognized that the perforated diffuser adjusts the irregularity 

of local energy distribution and results in a considerable dissipation of energy. 

In order to confirm the basic design criteria for the inlet diffuser on a theoretical 

basis, this series of papers will discuss the control mechanism of the perforated 
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type diffuser hydraulically, especially for flow in the vicinity of the diffuser wall, 

by a two-dimensional analysis of the flow which accompanies lateral inflow and 

outflow; theories are introduced.for a few representative boundary conditions, and 

the results will be discussed together with some data from model experiments 

in the next paper. 

2. Fundamental Concepts for the Two-Dimensional Analysis of Flow 

in the Inlet Chamber 

Typical arrangements for the inlent perforated diffusers in the inlet zone of 

a sedimentation basin are shown in Figs. 1 and 2, in which, Fig. 1 signifies the 

case where the direction of inflow is perpendicular to the longitudinal axis of 

1h ) 1, , f Tt, rr, , , , 
--=.y D1fl11ser Wall 
In!!!__ 

Fig. 1. Inlet channels perpendicular 
to the basin axis. 

Settling Zone 

tttttttttttt 
Dtf/11ser Wall -

Fig. 2. Inlet channel parallel 
to the basin axis. 

the basin, and Fig. 2 shows the case where the two directions are parallel to 
each other; a similar classification may be given for the relative vertical position 

of the inlet conduit to the basin. However, inasmuch as the depth of a basin 

is generally considerably less than the width, a gradual increase in the vertical 

velocity gradient is inevitable at the downstream sections even if the vertical 
training of the flow were completely successful at the upstream section. There
fore, methods must first be found for the training of flow in any horizontal 
cross section. 

From this standpoint, the authors first treat the simplified problem of flow 

through rectangular sectioned inlet conduits as shown in Figs. 1 and 2, assuming 
that the bed of the basin is even everywhere. 

Another assumption takes the water depth in the sedimentation basin as 
constant, by reason of the fact that the mean flow velocity in the basin is low 

enough to be accessible. Therefore, the flow in the inlet zone can be replaced 
with the hydraulic system of an uniform pressure chamber, in which, any local 

change in pressure corresponds to a change in depth in the original hydraulic 
system, 
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In this paper, the whole channel part in the basin upstream of the diffuser 

wall is defined as the "inlet chamber". 

For the simplicity of mathematical treatment it is necessary to neglect the 

terms concerned with fluid viscosity in the momentum equation even for the 

irrotational motion. In such cases, sometimes the method of conformal represen

tation was used to check the velocity potentials and draw streamlines. For 

example, one of the authors even investigated4
) the relationship between the flow 

patterns and the shapes of the corners in the grit chamber by this method. 

However, in actual basins, the observed flow behaviours show a greater variety 

than expected from the results computed by the above method, i.e., the formation 

of a large vortex, the superiority of flow along the opposite side wall, the back

ward current or the appearance of large stagnant zone. These facts probably 

mean that the mathematical treatment assuming non-vortex motion is improper 

for such problems though the effects of fluid viscocity may be of little importance 

practically. 

In Fig. 3, the broken line B-B denotes 

the perforated diffuser wall, x, y are the co

ordinates and the x-direction corresponds to 

that of the main flow in the inlet chamber. 

The velocity components in the x- and y

directions are u and v respectively, so, u 

represents the local velocity of the main flow. 

Physical significance of the assumed boundary 

a--------11 

Fig. 3. Two-dimensional flow in the 
inlet chamber. 

B-B is defined such that only the positive outflow v1 is admitted in the y-direc

tion through the boundary, although the pressure is transmitted continuously. 

Equation of continuity for the two-dimensional flow is 'written as 

and its integrated form is written as 

~

Y 8u 
Vo-V = -dy, 

o 8x 

for (v)Y-o=Vo. From the assumption mentioned above, it becomes 

( 1) 

(2) 

(3) 

As U denotes the mean velocity in the x-direction and l the chamber width, 

Eq. (3) signifies the equation of continuity for the mean flow in the x-direction, 
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where v0 -Vt is equal to the increase in quantity transported in the y-direction 

per unit length. 

The momentum equation for the x-direction is derived by equating the in-

crease of momentum per length dx, dx•a o: pu 2 dy) / ax, with summation of pre

ssure terms, -dx•a o:pdy )/ ax+ dx·Pt fJ!/ax. Therefore, 

(4) 

where p is the density, am=~: u2dy / U 2l, pis the internal pressure, Pt= (p)y-t and 

p= ~>dy / l. The terms of resistance due to viscosity are neglected. 

On the other hand, Euler's equation of motion for the two-dimensional steady 

state flow are given as 

U au+ V au = _1_ ap 
ax ay p ax' 

U av+ V av = _]:_ ap 
ax ay Pay· 

(5) 

If u is given, am and the local value of v by Eq. (2) are obtained; then 

ap/ay is computed by the second equation of (5). Furthermore, p is also cal

culated by Pt which is given as the boundary condition at y=l. Thus, the motion 

in the x-direction is made distinct by solving Eqs. (3) and ( 4). 

The following equation represents the relation of the heads at two points, 

before and after the flow passes one of the perforated orifices on B-B. 

2 p 2 p' 
~+_{_ = f Va+_!_ 
2g pg r 2g pg' 

(6) 

in which g is the gravity acceleration, the first term on the right side means the 

loss of head through the orifice, p; denotes the internal pressure at the exit and 

Vd is the actual velocity of flow in the perforation that may be expressed as 

Vd=vt!e, where e is the perforation ratio of the wall B-B. In case a better con

trolling effect is required, the value of e might bocome considerably less. 

Therefore, taking the relation v~ < v~ into account, Eq. (6) can be simplified: 

( Pt - PD I pg = ev~/ g = v~/2gc2e2 
, 

where e = fr/2e 2 = l/2c2e2
, 

(7) 

and c is generally called the discharge coefficient. 

Eqs. (3), ( 4) and (7) are the fundamental equations for analysing the flow 

iP the inlet chatnber, 
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If the width of the inlet chamber is / uniformly and the length of the dif

fuser wall is B, then Eqs. (3), ( 4) and (7) will be solved together using the 

known value of e, v0 , pf and U at x=O, B, by which Pt or p, Vt and U are obtained. 

By another way, Pt, U and e are regarded as unknowns if Vt is known, and the 

mathematical treatment becomes somewhat easier and more convenient since Pt 
and U are obtained by Eqs. (3) and (4) and e, independently, is computed by 

Eq. (7) thereafter. 

One of the requirements for using this theory due to a one-dimensional treat

ment is that the distribution of u must be given at the initial section and some 

kind of assumption is made for the actual calculation. For example, assuming 

that u is uniform at x=O by regarding / as small enough compared with B. This 

problem will be discussed again later i~ this paper. 

3. Rectangular Inlet Chamber with an Inlet Diffuser adjacent to 

the Side Wall of Inlet Channel 

A rectangular inlet chamber, width 

/ and length B, is considered, and the 

x-y co-ordinates are taken from the 

,.., 

Jttttttftttll 
_, 

Uo- 1 _, 
origin O at the nearer corner of the 

chamber as shown in Fig. 4. Raw water 

is introduced from the inlet channel 

with an average velocity U0 at x=O, so, 

v0 equals zero at the initial section. 

Eqs. (3) and ( 4) are written simply as 

Lu 
---....c.0.,..' ----------+----'--X 

and 

Fig. 4. Rectangular inlet chamber with an 
inlet diffuser adjacent to the side wall of 
inlet. 

dU V1 
dx =-y 

_<J__ (amU 2
) = _ _!_ dp 

dx g pgdx' 

(8) 

(9) 

respectively. The third equation required in this case is considered to be the 

same as Eq. (7) in form, therefore, integration of Eqs. (8) and (9) make 

and 

U = _!_ fB Vzdx 
I J_. 

amU 2 
•- Po P 

-g- - ,og- pg' 

while (U)x-n=O and (P)x-n=Pn• 

(10) 

(11) 

On the other hand, the second equation of (5) is transformed by substituting 

Eq. (1) in it to yield 
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(12) 

As assumed above, the value of v/u becomes zero at y=O and vt!(u)y-1=vt!u1 at 

y=l. Therefore if a linear change of v/u may be assumed between y=O and!, 

(13) 

and accordingly, Eq. (12) becomes 

u
2 

1'_ (1- dv1 _ 1!_t_ dui) = _ _!_ op 
g / U1dx u~dx pgoy' 

(14) 

For simplicity, amU 2 is used instead of u2 and also a finite value a is intro

duced as u 1=aU, then, the integration of Eq. (14) for y to I reduces to the 

relationship 

(15) 

by which, the distribution of pressure head in the transversal direction y can be 

calculated. 

To calculate P, Eq. (15) is integrated from O to I with respect to y and 

Eqs. (8), (10) are substituted in it to yield 

and especially for Pn (p at x=B), it becomes 

PB _ Pt,s + am vi 
pg - pg· 3ga l,B, 

where P1,s= (P1)x-B and v,,s= (v1)x-B, 

(16) 

(16)' 

Another form of differential equation is obtained by substituting Eqs. (10), 

(16) and (16)' into Eq. (11). 

For the convenience of mathematical treatment and physical significance, another 

notation Y is used to represent the difference in pressure head between the point 

at x in the inlet chamber and that just outside the diffuser, which is defined 

as 

CP-PD/pg = y (18) 

and the same suffixes as for p are used for Y. In the open channel system, Y 

corresponds to the decrease in water level just outside of the diffuser wall. 
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Assuming that Pf=constant may be necessary for the simplest case in which 

only the direct effect of the diffuser is discussed, and furthermore, since it may 

also be allowed even for the general case in which the trained effects of flow 

are discussed in detail, the mathematical treatment is greatly simplified. Eqs. (7) 

and (17) are transformed to 

Y1 =ev~/g 

and Yi+;;:, (::
1 

~: V1dx+v~) = Y1,n+ ;;:, vtn- a; ( ~ ~: V1dx r · 
(19) 

(20) 

With Eqs. (19) and (20), Y 1 is diminished and a new differential equation 

concerning v1 is introduced: 

am(~: v1dx r + a3t ::1 
~: V1dx+l2 ( ~; + e) (v~-vtn)=0. (21) 

Here, a dimensionless variable r related to v1 is defined as 

V1B /~: V1dx = v1B/Uol = r, (22) 

and the same suffixes are used for r as for v 1 • Furthermore, two other dimen

sionless factors, l and ~. are introduced thereafter : 

l/B = l, x/B = ~. (23) 

Using r, l and ~. Eq. (21) becomes non-dimensional. 

am ( r1 rd~)2 + aml2 dr p rd~+ x2 (am+ e)(r2-r2). J~ 3a d~ J~ 3a B 
(24) 

Eq. (24) is the simplified form of a differential equation which must be solved 

for V1; first of all, the most ordinary case where e is constant will be discussed. 

A replacing factor 

i>d~ = s 

is used in Eq. (24), which is integrated once with respect to ~. and then takes 

the form 

(25) 

where C is the integration constant. The process of determining C is as follows. 

As previously assumed, the velocity distribution at x=0 is uniformly Uo, the 

internal pressure must also be uniform at x= 0 and should vary continuously, 

from Eqs. (8), (12) and (13) 

(dvi/dx)x=o = -vtofUol, where 

or (dr/d~)~=o = -r5 
(26) 
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is derived. Since s=l at ~=0, from Eq. (25) 

r~ = C-am/,Fe+r1c,, 

(dr/d~)t~o = -(1+3ae/am)C+am/,Fe 
(27) 

are obtained. Furthermore, by subsititution of Eqs. (27) to Eq. (26), and rearran-

gement, C is found as 

(28) 

Finally, Eq. (25) takes the form 

r = _ ds = lams
2
(r1 86,,-•!'"m-l..)+r1 

d~ 'V 3e d ,l2 
(29) 

The value of r~s6
"'1'"m / a in Eq. (29) is sufficiently small compared with 3/ ,F 

if A(=l/B) is small. On the other hand, even for the larger values of)., it is 

recognized that generally the value of e, the perforation ratio, will be taken 

considerably smaller in order to make e larger and to increase the effects of 

controlling flow, so that s6"'l'"m becomes a sufficiently small value considering 

s<l for ~>0. Consequently in most cases, the term r!s6"'l'"m / a can be ignored, 

which seems equivalent to taking the constant C in Eq. (25) as zero. In this view, 

Eq. (29) becomes 

(30) 

and its solution is reduced easily as follows: 

(31) 

where, C' is the integration constant. However, from C'=l, r=r 8 for ~=1 

(32) 

is derived. Furthermore, referring the first equation of (31) to the condition 

s=l when ~=0, rs is determined as 

1 /am/ • 1 /am 
r B = T 'V e sm T 'Ve . 

Therefore, the final form of r can be written regardless of a 

r = ~ ✓:mcosC ✓:m(l-~)}/sin ~ ✓:m 

or _ ,/~ce {1/2a;:ce(l- 1=)}/ · ,/~ce r - ). cos ). "" sm ). . 

(33) 

(34) 



Flow Behaviour through Diffuser Wall, I. 181 

According to the theoretically reduced formula1
l for a frictionless flow in a 

pipe, length L, with a blind end and a continuous lateral outflow discharge along 

the uniform side slit or perforations, the ratio of the outflow rate at any section 

to the average, r', is given by Eqs. (35) if the pressure outside of the pipe is 

kept constant. 

Xe/ L = 1-7!'/2~ J3 ;:s;;, 0, 

r' = ,/2am 0 cos { ~ 0 ( 1- ~)}/sin ~ 0 , 

Xe/ L?:, 0 , (35) 

r' = 0 for O ,5x <Xe, 

r' = 1/2am0cos{✓2am0(1-f )} for Xe <x 5L. 

In the process of reducing the above formulas, the acceleration velocity in the 

direction perpendicular to the pipe axis was neglected, and 0, the ratio of the 

total effective perforation area to the whole section A, is taken as 

0 = eaL/SA, (35)' 

where e is the discharge coefficient for each perforation with equal area, a, being 

spaced uniformly at distance S from each other. 

Now, the value of 0 in the present case is computed as 

0 = eeBH/lH = eel)., 

where H denotes the height of the inlet chamber when replaced by a pressured 

chamber. Therefore it is proved that Eqs. (34) coincides with the first equation 

of (35); from this result, it is suggested that the general solution of Eq. (30) 

may take a similar form, in which the solution for the particular case is added, 
as Eqs. (35), that is 

~e = l-rr)./2~ ee < 0, 

_ ✓2li: ee {✓2li: ee(l- /!,)}/ . ~ ee r - ). cos ). s- sm ). , 

(36) 

It is realized from Eqs. (36) that r becomes larger when ~ increases, and parti

cularly, that a part of r=O is produced between the region O~~~~e when ~e 

is larger than zero or eel). >7l'l2✓2am, so that the value of r increases further 

due to the increase of ~ in the chamber. These facts suggest that the control

ling effect will improve if r everywhere approaches unity for larger values of). 
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or smaller values of ce. 

To solve Eq. (25) by regarding C as zero is to ignore v, the velocity in y

direction, and its acceleration in the inlet chamber, and for the cases where ). is 

less as stated previously, v is negligible compared with u, for which the significance 

of the term 3/ ,l2 in Eq. (29) is supported to be closely related. 

If the value of ). increases to some degree, Eq. (29) must be solved instead 

of Eq. (30). However, since r gets closer to unity with larger ;., while the do-

main in which the values of s= ~:rd~ approach unity is restricted to an extremely 

small part in the vicinity of the entrance (~= 0), the term r~s6"'l'"m / a in Eq. (29) 

might still be practically neglected except for the above mentioned small region. 

If e gets even larger, then Eqs. (36) will be applicable for a wider range of ~ ; 

on the other hand, in case e is rather small, even for larger ;., the applicable 

range of Eqs. (36) will naturally be restricted to a fairly narrow one. For such 

cases, YB must be assumed at first, and the computation made from the start where 

~=1 and s=0, to a proper range at which r~s6"'l'"m/a can be neglected for 3/J.2 

in order to obtain r and s by Eq. (32) ; next, by numerical integration of Eq. 

(29), the condition s=l at ~=0 has to be satisfied. Another method, using a new 

relationship derived from Eqs. (27) and (28) 

(37) 

to obtain the value r0 for a given YB, and start the integration from the point 

~=0, s=l, is also preferable. 

By transforming Eq. (16), it becomes 

Y-Y = am u2;.2 (r2+s dr) 1 3ga O d~ • 
(38) 

Now, for the domain in which Eq. (30) is approximately preferable, Eq. (38) is 

simplified by referring to Eq. (32) as 

-y y _ am u2 12 2 
- 1 - 3ga oil rB, (38)' 

which means the difference between Y and Y1 is constant. Under such condi-

tions it is recommended that Pt/pg or Y1 , which controls v1 directly, be used in 

Eq. (11) instead of p/pg or Y and naturally, the same solution will be obtained 

as for the case which ignores the change of Y in the y-direction. Furthermore, 

from these facts it is made clear that the shape of the water surface in the y

direction is quite the same all over with only changes in its height, for the parts 

in which Eqs. (30), (32) and (36) are approximately true. On the other hand, 

if Eq. (29) is applicable Eq. (38) takes on a different form. 
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(38)" 

However, while s gets smaller as ~ increases, Eq. (38)" approaches to Eq. (38)'. 

The shape of the water surface, which is assumed as level at ~=0, changes 

itself gradually to the above described form after the flow entered the inlet 

chamber. Eq. (29) appears to be applicable for this transition region, though the 

range of this region is not clear or definite since it is related to the accuracy 

in computing the value of r. As seen in Eq. (38)', the lateral velocity distribu

tion becomes uniform as YB approaches unity, and also, Y-Y1 decreases as J. 

decreases. Accordingly these factors are considered as those which reduce the 

area of the transition zone. 

Fig. 5 shows the variation of r relative to the factors ). and e referring to 

Eqs. (36), which are examples of cases of neglecting the transition zone due to 

the comparatively low values of ce. However, for instance in the case where the 

value of ~c becomes 0.320, which corresponds to J.=0.1, e=20% in Fig. 6 (a), 

there seems to be no significant effect due to the diffuser wall between 0 ;:s; ~ < 0.3, 

and in such a state the main flow in the sedimentation basin is supposed to turn 

extremely aside to the opposite side wall, and probably, the distribution of 

1.4,--,----,-------,---.----
e =20!/,'o 

l.2t----+---+------I 7 

24,--,-----r-----,-------,----; 

O.Br-=--"'~::::t--:::--....-fec:=~7_,'.1/o~o ---+-"T,"----'~---1 
20 (a) ..A.=0.3 

0.6i-----t----+----I------ _ C = 1/ /T5 
a.= I 

0.4~----'-------L------1----1..-_ __J 

(b) ')..= 0.2 
c=J/.fTs 

«m=l 
0.4 o~----;a!-:;2,-------,o.:'-'..4:----o.=1-.6=----o...l..s __ __j1.o 

i 

..... 

2.2 (c) ')..=0.1 

c=J/115 
2.0t-------+-a:-,.= 1 -r----+----/-+------l 

J.4t------t-------,-

J.2 t--------+--

0 0..2 o.6 0.8 1.0 
~ 

Fig. 5. Flow distributions through diffuser wall with constant perforation ratios (referring to Fig. 4). 
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pressure just outside of the 

diffuser wall, pf , may not 

uniform as assumed in the 

former analysis, but actually 

will strengthen this tendency 

further. 
..._ 

2.0 

J.8 

L6 

14 

l2 

1.0 

0.8 

0.6 

0.4 

02 

0 

Eq. (29) 

----- Eq. (36} 

0.2 o.4 

:k=0.25 

e=50 % 

C =1/ff 

am=<T={ 

0.6 0.8 
5 

Fig. 6 shows an example 

of a numerical calculation for 

the transitional change of r by 

Eq. (29), in which the results 

is compared with that comput

ed from Eqs. (36). It is seen 

that YB=l.922 and r 0=0.062 

are obtained due to the exis

tence of the transition zone, Fig. 6. Flow distribution in the transition region. 

2 

as 11/f 

A=0.25 
e=50¾ 
c=J/ff 
am={J;=l 

Fig. 7. Transitional change of surface profile. 

LO 
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whereas YB=2.000 and (r)t-o-o.215 =0 when the acceleration of v is ignored, so that 

the effect of the flow regulation seems incresed to some degree. For the example 

shown in Fig. 6, the range between ~=0 and 0.5 may be recognized as the transi

tion region. 

After the dimensionless factor r which is related to Vt is given by the above 

described methods, Yt is calculated by a new formula, which is a transformed 

equation of Eq. (19) referring to Eqs. (22) and (23), 

(39) 

then, for Y, calculation will be made according to another new expression 

y = Yt+am;.2u~ (r2+s dr) {1-(.1___)2} 
2ga d~ l , 

(40) 

which was obtained from Eq. (15) in the same manner. 

With Eqs. (39) and (40) the variation of Yin they-direction were calculated 

for the same conditions as in Fig. 6, and the results are shown in Fig. 7. 

It seems difficult from the discussion hitherto made to expect a uniformly 

controlled velocity distribution by means of an uniformly perforated diffuser wall, 

and so the tenency of flow to turn more or less aside towards the opposite side 

wall seems inevitable. Therefore, to secure the ideal condition for velocity dis

tribution, that is, v t = constant, at the inlet section of the basin, changes in the 

width of the inlet chamber, l, and in the local perforation ratio of the diffuser 

must be considered. 

If the shape of the inlet chamber is rectangular and changing the local ratio 

of perforation of the diffuser is possible, the following theory is considered 

applicable. Firstly, the equation of continuity (10) is substituted into Eq. (11) 

which upon usin~ the notations of r and s again leads to 

U 2 2 am os _ -y _ -y 
---- B • 

g 
(41) 

Since making Vt uniform is equivalent to r-1, and s must be equal to 1-~. 

Also Eq. (38), under the conditions r=l and dr/d~=O, takes the form 

y = Yt+ am.i.
2
U5. 

3ga 

Furthermore, Eq. (19) is rewritten as 

Y1 = .i.2r2U5/2gc2e2. 

Therefore, by the substitution of these relations into Eq. ( 41), a finite value of 

the perforation ratio e* which makes Vt uniform is given by the following formula. 
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e* = Jet 
✓ i 2 -2amc2el,2 (l-~)2

' 

(42) 

where et denotes the value of e* at x= B. 

The required rate of perforation which satisfies the condition r= 1 at any 

point is generally obtained by Eq. ( 42), using the given values of el,, i and c, 
and it is easily recognized that e* must be larger as the point approaches nearer 

to x=0. The maximum possible value of e* is theoretically unity, but with 

respect to actual practice, by using the condition e* =::::e:':iax at ~=0, the following 

relation may be introduced. 

(43) 

Since l is not very large, usually the relationship }2 
{'. e!~x is valid and Eq. ( 43) 

may be approximated as 

(43)' 

Examples of numerical calculations for e* with regards to Eq. ( 42) are shown 

in Fig. 8, in which it is understood that the value of e* must increase more 

rapidly towards the entrance section of the inlet chamber for larger values of el, 
and smaller values of A. 

100 

80 

60 

20 

C = J ,4-i:'s == 
am=l -

-

I J..=0.3 --- e:=70/q-
\ 

-
\ ---- 8.5 
\ 

r---''f 
__t._-0.2 

,,-1-~ - rill_ 
.:.-=--r-~ ~--==-- ·-! ------ --

0.2 0.4 0.8 1.0 

Fig. 8. Necessary change in opening ratio (referring to Fig. 4). 

It must be noted, however, that as a necessary condition for applying Eq. ( 40) 

the flow in the inlet chamber should satisfy the following relationship 

y = Y1+ am;2u~ {1-(L)2} 
2ga l , 

(44) 

which is obtained by substituting r= 1 and dr/d~= 0 into Eq. ( 40), but it is con-
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sidered impossible to satisfy the condition oY/oy=O, at ~=0. Consequently, it 

may be concluded that the actual behaviour of flow in the inlet conduit is also 

being effected by that in the inlet chamber, and gradually changes its characteristic 

of pressure distribution so as to satisfy Eq. ( 44), passing through the region of 

transition after it flowed into the inlet chamber. 

4. Rectangular Inlet Chamber with an Inlet Channel 

Perpendicular to the Diffuser Wall 

There are many examples of sedimentation basins so constructed that the 

axis of the inlet channel is perpendicular to the diffuser ; particularly in most 

cases where the inlets have circular sections. The problem is treated two

dimensionally, and it is assumed that the sectional shape of the inlet conduit is 

rectangular, with its bottom at the same level as the inlet chamber. Furthermore, 

for the sake of simplicity, mathematical treatment is applied only to the case in 

which the inlet is shifted aside relatively to 

one end as shown in Fig. 9. The same figure 

will be used in the analysis also for the case 

where the center line of the inlet conduit 

coincides with that of the basin, and even for 

the case where the center line is shifted 

arbitrarily, the same shaped region may still 

be considered since it is possible to divide 

the chamber into two parts in proportion to 

the properly assumed discharge distribution 

ratio for the two sides. 

Let B and l represnt the length and 

:.... 

tttttttttttt 
" Lu 

O ff tl f ;-------+-------1-x 

Fig. 9. Rectangular inlet chamber 
with an inlet perpendicular to the 
diffuser wall. 

width of the chamber respectively in the same manner as stated in 3. and take 

the x - y co-ordinates as shown in Fig. 9. Water enters the chamber from the inlet 

opening situated at the reach x= 0 to D with uniform velocity Vo, the main flow 

is supposed to be in the x--direction with a lateral inflow rate Vo and outflow 

rate v1 per unit length. However, due to considerations of the variations of v 

and p at the two sides of the section at x=D, it is supposed that v does not vary 

smoothly from y= 0 to l along the section and may exceed Vo once in the zone 

x< D, and that u may take a negative sign at the opposite side of the diffuser 

wall ; therefore, a part of the water reaching near the diffuser wall flows back 

to the inlet by circulation. To explain such a phenomenon as simply as possible, 

a concept of the supposed "counter flow zone", which spreads over the whole 

length of the inlet chamber along the wall from y= 0 to y= f, is introduced. 
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inlet 
zone distributing zone 

regular 
flow zone 

Also, the remaining part, the zone 

from y= I to /, is named the 

"regular flow zone", which is dis

tinguished by using the suffix "2" 

for each notation while the former 

takes "l ". For the convenience of 

explanation, when necessary, the 

suffixes "i" and "d" are used for 

the zones x= 0 to D and D to B, 

---''----~~x 

i-----n-----i---a-o 

Fig. 10. Supposed divisions of inlet chamber. 

namely "inlet" and "distributing", 

respectively. These are shown in Fig. 10. 

The main flows of counter and regular flow zones are considered in the x

direction, and the former has a lateral inflow rate of v0 and outflow Vf, which 

denotes v on the boundary of both zones, and the latter, inflow Vf and outflow 

Vt. Then, the fundamental equations derived in 2. are again applied to the flows 

in each zone. From Eqs. (3) and ( 4), the equations of continuity and equations 

of motion can be written as follows : 

Eqs. of continuity : 
(45) 

Eqs. of motion : 
(46) 

where Pf= (p)y-f and am,1 and am,2 are noted together conveniently as am, Eq. 

(12) can be used again in calculating jj1 and P2. Integration of Eq. (12) with 

respect to y, for P= Pf at y= /, gives 

ffuf a(v1/U1) d = 1--cp -p) 
jy g ax y pg 1 f ' 

f y ~ a(v2/U2) d = _!_ (p -p). Jf g ax y pg f 
2 

(47) 

Replacing y with / in the second equation of ( 47) gives the relation between 

Pt and Pf. 

(48) 

Eqs. (47) are integrated once again and if the terms v1/u1 and v2/u2 are expressed 

with U1 , Vo and Vf, and U2, Vf and Vt respectively, jj1 and P2 are determined from 
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the difference value of Pf in the next equations. 

(49) 

As the third equation of the three necessary, the discharge equation (7) is 
applicable for the zone of regular flow; but for the zone of counter flow, the follow

ing relation must hold true because of the continuity of values 8p1/ay and 8p2/8y 
at y=f. 

{ !'.~ 8(vi/u1)} = {~ 8(v2/u2)} . 
g f)x Y=f g OX y=f 

(50) 

Therefore, by solving the nine equations numbered (45), (46), (48), (49), (7) 

and (50) simultaneously, the values of vi, vf, U1 , U2, p1 , P2, Pf, Pl and fare 
obtained as functions of x if e or e, together with p; and v0 are given. 

However, it seems so difficult to take account of Eq. (50) in the process of 

one-dimensional analysis that, with the concept of inserting an imaginary vertical 
curtain, through which the flow passes freely in the > Jirection but never in the 

x-direction, as the boundary of both the counter and regular flow zones the con

dition of Eq. (50) may be avoided. The flow pattern in the chamber is somewhat 
distorted due to this imaginary curtain, but there must be a value of f which 
corresponds to the least distortion of flow. The deficiency of a number of equa

tions due to the failure to use Eq. (50) can be filled by an appropriate boundary 

condition. For the case of Fig. 9, as the value of v0 is equal to Vo in the inlet 
zone, whereas v0= 0 in the distributing zone, the solutions must be obtained in
dependently for each zone and after that they will be succesfully connected by 

the next two conditions at x=D if analysed one-dimensionally. 

(U1,;)x=D = (U1,d)x=D 

(P1,i)x=D = ( P1,d)x=D 

and 

and 
(U2,;)x=D = (U2,d)x=D, 

(P2,;)x=D = (P2,d)x=D • 

(51) 

(52) 

The distribution characteristic of P; may differ considerably from that of Pd in 
relation to the value of f even if p1 and p2 satisfied Eqs. (52). Therefore, it is 

necessary that the following condition should also be satisfied. 

and (53) 

Eq. (53) serves to yield the value of f instead of Eq. (50). If a functional 
relationship between f and x is assumed and it is only necessary to find the value 
of f at a definite section, then Eq. (53) is not always necessarily satisfied but 

the condition of Eq. (54) is preferred practically, by which p; and Pd will be 
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made approximately equal at the boundary : 

(54) 

Analysing that condition of flow in the inlet chamber is a problem of 

boundary values, so the solutions are usually obtained by the method of numeri

cal integration with the given boundary conditions. However, it is supposed 

very difficult to satisfy the boundary conditions at x=O and B without repeated 

calculations. Therefore, in the following treatment it is assumed convenience 

that f is constant and that u1 , U2 are uniform in the y-direction, although the 

accuracy of the approximation will probably be lowered. Also, the ideal case in 

which Vt is constant is imagined in order to analyse the flow pattern in the zones 

and to decide the required changing rate of the openings, e* or e*. The merit 

of this treatment is that the mathematical processes may be greatly simplified, 

and yet, it seems possible from the results to assume that the distribution of Vt 

in case e or e is constant. 

Now, for the flow in the inlet zone (0 5cx :;;D), the equations of continuity 

( 45) take the form, 

and (55) 

Since u1= U1 and u2= U2 , substituting Eqs. (55) into Eq. (2) makes 

and (56) 

which shows that v1 and v2 will vary linearly with y. Using Eqs. (56) and taking 

the values of df/dx, dV0/dx and dvt/dx as zero, Eqs. (47), (48) and (49) are 

transformed as follows, 

and 

VJ-Vt 
x2(l-f)2, 

2g(Y1-Yt) = U2d;: (l-f)-(v;,-vD 

( - ) _ U dvt f ( TT) (Vt Vo) g Y 1 -Yr - 1 dx 3 + VJ- •o 3 +6 , 

-g(Y2-Y1) = U2dvil-f -(v1-vt)(vt+!!L) 
dx 3 3 6 . 

(58) 

(59) 

Here, a new notation Y is used instead of pin accordance with Eq. (18) in which 
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pf is take.n constant in the same way as in the preceding article. Y, and Y2, on 

the other hand, are related with U, and U2 by 

and (60) 

which are the integrated forms of Eqs. (46) under the conditions df/dx=0 and 

Y,=Y,, 0 , Y2=Y2,0 and U,=U2=0 when x=0 and am=l. Moreover, Eq. (19) may 

be used instead of Eq. (7). 

Introducing Eqs. (59) into Eqs. (60) and considering the boundary conditions 

at x=O noted above, the elimination of Yf from the result yields 

(61) 

in which Vf,o= (vf)x~o• Since U, and U2 are expressed as the integrated forms of 

Eqs. (55) 

and 

Eq. (63), concerning Vf, is derived from Eq. (61) 

2/2(!-/) 2 
~; (V0 -v1)x-f2(l- f) 2(Vo-V1)(Vf-V f,o) 

(62) 

= 6[-t(l-21) o: Vfdxr +21VoU-J)2 -vtf2 )x ~: Vfdx-{VW-J) 2 -vif2 )x2
]. (63) 

Here, the dimensionless factors, J. and ~. defined by Eqs. (23) are used again 

and the ratio of f to l is written as 

f/l=cp. (64) 

As the equation of continuity applied to the whole domain of the inlet cham

ber, the relation 

V0D = ~: VfdX= V1B, 

is identified, by which the ratio w is defined as 

(65) 

(66) 

Each value of <p, between zero and unity, corresponds to each point on the 

boundary of the counter and regular flow zones, and w, the ratio of the inlet 

opening to the total length of the basin, is usually larger than unity. Also, 

another ratio, rf, relative to Vf, is introduced in the same way as Eq. (22), that 

is 

(67) 
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and finally the dimensionless expression of Eq. (63) becomes 

in which Yf,o= (rf)~-o=Vf,o/v, and Sf=): Yfd~. 

To solve Eq. (68) rigorously, numerical integration which starts at the 

boundary values rf=rf,o, Sf=0 and drf/d~=0* at ~=0 is still necessary, and those 

difficulties in the process of obtaining a solution due to the existence of the two 

intercepting side walls still remained. Therefore, a further approximation must 

be made to represent the solution of Eq. (68) as a function of r f,o. 

If r1 is taken as constant, rf,o, then d 2sf/d~2=0 and s1 =r1 ~. in the region 

0 < ~ < 1/w (0 ~x < D) therefore, substituting these relations into Eq. (68) yields 

two independent solutions : ~ 

or 

rf = {w(l-cp)-cp)/(l-2cp), 

rf = w(l-cp)+cp. 

(69) 

(69)' 

After converting r f of Eq. (69)' into v f and calculating the values of v, U1 

and U2 by Eqs. (56) and (62), it appears that v varies linearly from Vo to v1 trans

versally across the chamber, and that both U1 and U2 become independent of <P 

and equal to (V0-v1)~/,l which always takes a positive value, so there is no clear 

distinction between the counter and regular flow zones. According to these facts 

it seems that solution (69)' is not utilized conveniently for the flow under con

sideration. On the contrary, solution (69) gives U1= -U2= -(V0-v1)~/,l(l-2cp), 

so, if <P is less than 1/2, U1 takes a negative value and also v f > V0 • In another 

words, there seem to be two adjacent, mutually counter-flowing zones. With the 

results of the above investigations, r f is assumed to be expressed in the form 

rf = {w(l-cp)-cp)/(l-2cp)+Jrf, (70) 

which is substituted into Eq. (68) with the term (~:Jrfd~r being ignored as an 

approximation, yielding 

,l2cp(l-cp) d.dr.1+..l2cp(l-cp) .drf-.drf,o = f~ J d~ 
6 d~ 12 ~ Jo r f ' 

(71) 

where Jrf,o=rf,O-{w(l-cp)-cp)/(l-2cp). The solution of Eq. (71) is obtained 

considering the condition Jr f=J r f,o and dJ r f/d~= d r f/d~=0 at ~= 0, for which 

Jr f is converted into r f. Finally 

* This can be obtained, by combining Eqs. (59) and (60) after differeqtiation, then substituting 
Eqs. (55) and x=O, U1 = U~=O, 
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_ { w(l-c;o)-c;o} ~2 rf-rf,o+ rf,o- 1 _ 2c;o F2m-,(Kc,), 

dr1 = {r _ w(l-c;o)-c;o}F (K~2)_!_ 
d~ f,o l-2c;o 2m '> ~ , 

~: r fd~ = r f,o~+{r f,o - w(~-=-1c;o-c;o} F2m+,(K~2)~, 

K = 12/,Fc;o(l-c;o), 

F2m-,Ct) = f {(-l)mtm/1·3·5•····(2m-1)·3·7·11····•(4m-1)}, 
m=l 

193 

(72) 

(73) 

F 2m(t) = i5 {(-l)m2mtm/1·3·5• 00 ·•(2m-1)·3·7·11• 00 ·•(4m-1)}, (74) 
m=1 

= 
Ezm+i(t) = :E {(-lrtm/1·3·5• 00 ••(2m-1)(2m+1)·3•7·11• 00 ••(4m-1)}. 

m=l 

are obtained. 

In the same manner as above, those relations required for the region 

1/w<~<l (D<x<B) are written as follows, corresponding to Eq, (72). 

r f = r f,B+ (r f,B+ 1! 2c;o) F2m-1 {K(l-~) 2
}, 

dr1_ ( c;o ) 2 1 d~ - - rf,B+ 1_ 2c;o F2m{K(l-~) }1 _~• (72)' 

Due to the relatively large value of Kin Eq. (73), the infinite alternate series 

in Eqs. (74) converges slowly, and when ~ becomes larger, scores of terms are 

actually required. However, it is possible to present graphs which will serve 

conveniently for the computation. F2m-,(t), F 2m(t) and F2m+iCt) are all oscillating 

functions varying from the mean value, -1, and their periods increase as t in

creases. Amplitudes of the former two functions also increase with the increase 

of t, whereas the third takes a relatively smaller amplitude than the former two 

which reduces still further as t increases. Hence, ~: .Jr 1 d~ is supposed to take 

small enough values compared with .Jr I and d.dr 1/d~ except at the points where 

F2m-1 (K~2
) = -1 or F2m (K~2

) = 0, so that the term ( ~: .Jr I d~ r may be neglected 

while solving Eq. (68). Further discussions concerning the restrictions in apply

ing solutions (72) and (72)' are possible, but omitted here. 

To calculate r f and others by Eqs. (72) nnd (72)', r f,o, r 1 ,B and c;o must be 

decided at first; Eqs. (51), (52) and (54), which represent the conditions at the 

boundary of the inlet and the distributing zone, serve this purpose. 

Since the conditions at the two side walls have already been satisfied, Eq. (65) 



194 Takeshi GODA and Tomitaro SuEISHI 

must be equivalent to Eqs. (51), so a new expression of Eq. (65) is used instead 

of Eqs. (51) : 

~>fd~ = 1. (75) 

Using Eqs. (72) and (72)', Eq. (75) becomes 

{1 + F2m+i (!2 )} r f,o+ (w-1)[ 1 + F2m+1 {K (wi:})
2

}] r f,B 

= w(l1-=_1qi-qi F2m+1 (!2)-C~=~~qi F2m+i {K (wi:})
2

} +w. (76) 

Next, introducing Eqs. (51) and (52) into the equations of motion (60) and 

into the corresponding equations for the distributing zone, reduce to 

and ¥2,0 = ¥2,B 0 (77) 

With Eqs. (77), Eqs. (59) and the corresponding equations for the distributing 

zone, the following relation is found after some mathematical operations : 

w2+(w-l)rf,o+rf,B= 0. (78) 

Then finally, considering that Eqs. (51) and (52) have already been satisfied, 

x=D is substituted into Eqs. (59) and also in to the corresponding equations for 

the distributing zone, to yield 

~~ 6g(Yf,d)x=D+{2ui1rLdvf,d+2v},d} , 
X x=D 

6g(Y2)x-D = 6g(Yf ;)x=n-{2u2 (l-J) ddVf,; -(vf ;-Vi) (2vf i +v1)} 
' X ' ' x=D 

* 

These equations are combined after (Yf,i)x=n= (Yf,d)x=D in accordance with 

Eq. (54) and (U1)x=D, (U2)x=D is calculated by Eqs. (62); consequently, the follow

ing relationship is derived. 

The practical steps for finding the required combination (r f,o, r f,B and qi) 
are: (i) qi is first assumed, and then Eqs. (76) and (78) are solved together to find 

r f,O and r f,B; (ii) the values of r f,i, r f,d, d r f,;/d~ and d r f,d/d~ at ~=1/w are found 

* Eq. (78) can also be derived from these equations by eliminating (Y1,;),=v-(Y1,d)x=D and 
using (dv1,;/dx),=n and (dvJ,d/dx)x=I> obtained in Eq. (63). 
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by Eqs. (72) and (72)'; (iii) the assumption of value for <p and the above operations 

are repeated so as yield values which satisfy Eq. (79). There must be at least 

two combinations of (r f ,o, r f ,B and <p) which satisfy the conditions, but since 

any combination including <p > 1/2 is improper because it makes U, >0 and U2< 0, 

the combination of <p < 1/2 must be chosen. 

After r f, the relative value of v f is determined by the method above men
tioned, and all of the values U,, U2 , Y,, Y 2 , Y f, Y 1 , etc. can be determined. 

The purpose of the analysis, however, is to find the appropriate ratio of opening 

along the diffuser wall to produce uniform diffusion of flow through the wall. 

These procedures are explained as follows : 

Transformation of Eq. (58), after substitution of Eq. (19), leads to 

2gYf = 2e*+).(l-1p)q d Yf + l-r2 
vi 2 d~ 1

' 
(80) 

where e* represents the required local value of e which satisfies the above noted 

condition, and qz denotes U2/v 1 • Let et signify the value of e* at ~ = 0 and con

sider the boundary conditions at ~=0, Eq. (80) becomes 

Hence, using the second equation of Eqs. (59), the value of Y2 ,0 is deter

mined by 

2gY2,o _ 2 * 1 C + l) + 2 -- - eo--Yfo Yfo - , vi 3 ' ' 3 

Combination of the second equations of both (59) and (60), and introduction of 

Y2,o above, results in 

When this Y f is equated with Eq. (80), the final relation is obtained. 

2e* = 2et- ~ rf,O (rf,o+l)+ ~ rf(rf+l)-2q~- ~ ).(l-1p)q2 d;r (81) 

Distribution of Y 1 may be calculated by Eq. (19) using e* of Eq. (81) and the 

fluctuation of values of e* is also checked by e*=l/cv'w when the magni

tude of c at the orifice is given. Eq. (81) was derived only by the relationships 

for the inlet zone (0.~x~D), but may still be available for the entire reach 

x=0 to B because U2 and Y 2 were treated as continuous at x=D, and the second 

equation of (59) also takes quite the same form for the distributing zone. It 

must be noted, however, that (et)x=D and (e:t)x=D are obtained separately since 
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the values of r I and d r 1 / d~ might not always be continuous at x=D, and that 

errors due to those approximate calculations may inevitably accumulate in the 

counter flow zone by reason of the fact that only the equation of motion for the 

regular flow zone was used in the process of getting Eq. (81). The latter fact 

is assumed rather appropriate while investigating the immediate effect of the 

diffuser wall. 

As seen from Eq. (81), if J. and w are given, the difference between e* and 

et at any point on the diffuser wall takes a definite value regardless of the 

magnitude of et. Accordingly, the larger the value of et becomes, the smaller the 

ratio (e*-et)/et may be. If the range of variations of e* or e* is relatively 

narrow, the following approximate expression is adopted 

(82) 

where r denotes the relative uniformity of velocity v1 as defined in Eq. (22) when 

constant opening ratio e= e*= ~: e*d~ over the wall is adopted. It is easily re

alized from Eq. (82) that uniform distribution of flow will be accomplished by 

using smaller openings in the wall. On the contrary, with large values of et 
which lead to negative values for the right side in Eq. (81), it is impossible to 

distribute the flow uniformly. Hence et must satisfy the next relation : 

2et > g r 1 ,0(r 1 ,0 +1)-½ r 1 (r 1 +1) +2q~+ ~ l.(l-1p)q2 dJf Lax. (83) 

-- Numerical Example and Discussions --

Now, an example of the numerical calculation by the above described method 

for J. = 1/3 and w = 3 will be shown as follows. The values of <p, r 1 ,0 and r f,B deter

mined by Eqs. (76), (78) and (79) are 0.210, -2.657 and -3.686 respectively. Fig. 11 
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Fig. 11. Lateral velocity distribution on the boundary of counter and regular flow zones. 
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shows the varition of r f and Fig. 12 that of q1 ( = U,/v1) and q2 • The flow pattern 

in the inlet chamber due to uniform diffusion through the wall becomes a definite 

one regardless of the number of openings in the wall as illustrated in Figs. 11 

and 12. 
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Fig. 12. Main flow behaviours in both zones. 

With periodic change in the value of r f, the values q, and q2 also show 

similar variations, and particularly the flow in the counter flow zone partly al

ternates in its direction, whereas in the greater part of the regular flow zone it 

takes the positive direction of x. Since the mean value of r f between ~ = 1/3 and 1, 

however, is - 0.282, U, becomes negative as a whole. On the other hand, between 

~ = 0 to 1/3 r f averages to 3.565, although it varies a little more roughly, and 

exceeds the rate V0/v1=w=3 by 0.565 which corresponds to the scale of counter 

flow. Therefore, the existence of a large scale circulation covering the regular 

and counter flow zones, in addition to the small local ones, was now verified 

numerically. Let the ratio of flow circulating to the inflow from the inlet conduit 

be defined as the circulation ratio. It will be expressed as the integral of r f 

and is calculated in this case as follows : 

circulation ratio = r v fdx / VoD = [w r f d~ = 1.188. (84) 

It may be concluded that in order to obtatin evenly distributed flow along 

diffuser wall, perpendicular to the directian of the inlet conduit, the entering 

flow must be reflected at the diffuser wall, a part of which is circulated. These 

phenomena may be attributed to the action of the diffuser wall which maintains 

the actual velocity of the water fraction in the chamber to some extent, keeps 

the velocity terms in Eqs. (60) as unchanged as possible, and prevents the pre

ssure from increasing, during which the whole inlet chamber plays the role of 
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cushion against the inflowing water. 

Variations of ce* according to various values of cet are illustrated in Fig. 13, 

which shows delicate changes similar to the variations of r 1 , q1 and q2 in Figs. 

11 and 12. As seen in Fig. 13, when A=l/3, w=3, c=l/✓1.5 and e is constant, 

a satisfactory distribution of flow will be expected for e less than about 8%, 

20~-~-----,------,---,-~-----,----,-------~-----,----,---------, 

0.1 a2 0.3 0.4 as 0.6 0.7 0.8 
5 

a9 

Fig. 13. Necessary change in opening ratio (referring to Fig. 9). 

1.0 

which seems applicable in actual practice. On the contrary, increasing the average 

opening ratio causes considerable change in its local value, especially, e* takes 

a maximum value, which is due to the minimum of 2e*=2gYt!v~ in the vicinity 

of ~=0.4. Since 2et-(2e*)t-o.,=24.971, the value of 2et must be taken more than 

24.971 or cet less than about 2096. 

Again in Fig. 13, there is seen a constant difference between the maximum 

and minimum value of 2e* and the maximum value occurs near ~=0.18, which 

is related as 

(
2g;') -(2g;') . = 68.260 . 

Vi max Vi min 

If 1 cm/sec is assumed as v1 in the actual basin, the difference ( Y,)max-CY1)min 

is merely 0.035 cm. Accordingly, it may be assumed that Y, the water depth in 

the inlet chamber, will readily fluctuate due to the influence of poor or mistaken 
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design of the openings in the wall or due to natural obstacles - for instance the 

existence of difference in water temperature or density and wind drift- so that, 
except for an ideal basin, the effects of the diffuser wall seems unstable. Hence, 

it is necessary to increase the magnitude of v1 and select a chamber of such 

form as to cause a larger variation of Yt or e* locally so as to diminish such 

obstacles. It must be noted, however, that the significance of the latter require

ment is different from increasing the actual value of Yt by adopting a lower 

value of e or e*. Due to the increase of Vt, the Froude numbers in both the 

inlet chamber and the settling zone also increase. Also the circulation in the 

chamber results in the increase of the Froude number. According to Camp's 

proposal"), the Froude number vY gH in the settling tank of the horizontal flow 

type must be raised up to the range 10-6~10-4 for the purpose of improving the 

unstable flow and increasing the volumetric efficiency in the tank which have 

been conventionally designed with the above number set at 10-1
; the reliability 

of this proposal has been confirmed here again in view of the analysed flow 

behaviour through the inlet diffuser wall. 

Finally, Fig. 14 illustrates the relative distribution of Vt, for the case of 

uniform perforation referring to Eq. (82) and Fig. 13. However, Eq. (82) is an 

approximate expression applicable only when the pressure distribution is close 

to that of r = 1, so that, if r fluctuates widely with the greater values of ce the 
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Fig. 14. Flow distribution through diffuser wall with constant perforation ratio 
(referring to Fig. 9). 
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values of r 1 , q1 , q2 and Y may differ from the case of uniform diffusion, and the 

values of r given in Fig. 14 will also be in error. As seen in Fig. 14, the occur
rence of the maximum value of r in the inlet zone, which faces the inlet conduit 

directly, is generally expected, but it must also be noticed that r takes a rather 

low value at the section a little distant from the inlet zone, whereas it shows a 

relatively uniform distribution in the remaining part of the distributing zone. 

5. Summary 

In this paper, the flow behaviours in two-dimensionalized inlet chambers were 

discussed theoretically in order to make clear the flow-distributing mechanism of 

the inlet diffuser wall in settling tanks. Such an attempt has not been made 

previously. The method and results may be summarized as follows : 

In the fundamental consideration :-

(i) the two-dimensional flow in the belt-shaped zone was analysed by the one

dimensional method considering the lateral component of flow along the boundaries 

as the in- and out-flow, and the basic theoretical relationships were introduced 

neglecting the effect of the viscosity of the fluid. 

For the rectangular inlet chamber with an inlet conduit perpenicular to the 

basin axis :-

(ii) in most cases, the velocity v, through the wall can be expressed by the same 

formula (36) as the one which is obtained for the outflow distribution from the 

uniformly perforated pipe, but in this case a definite lateral profile of the water 

surface is seen in the chamber. 

(iii) Near the entrance section of the inlet conduit, however, there exists a 

transitional region to some extent, the length of which increases when the width 

of the chamber is shorter or the degree of perforation of the diffuser wall increases. 

(iv) In case the diffuser wall is uniformly perforated, the flow will tum aside 

towards the far end side wall of the basin, and that tendency increases when the 

transition region spreads further in the same manner as (iii), so that, the local 

opening ratio of the wall nearer to the inlet junction must be much larger if the 

ideal distribution of flow is required. 

For the rectangular inlet chamber with an inlet conduit perpendicular to the 

diffuser wall :-

( v) based on the hydraulic characteristics, the chamber would be appropriately 

divided into two parts : "counter flow zone" and "regular flow zone". 

( vi) If the problem is confined to the case of uniform diffusion through the 

diffuser, the approximate solution of Eq. (68), related to the lateral velocity com

ponent v1 on the boundary of both zones, yields Eqs. (72) and (72)', by which 



Flow Behaviour through Diffuser Wall, I. 201 

the flow pattern and the required changing rate of opening along the diffuser 

wall are computed. 

(vii) The results of numerical calculation for the inlet chamber connected to 

the inlet conduit of 1/3 width actually verified that the flow circulates in the 

chamber at a circulation ratio of about 1.2 and indicated that the local rate of 

perforation to attain the uniform distribution of flow must be adjusted delicately 

as shown in Fig. 13. 

(viii) Inasmuch as the local change of water depth is supposed insignificant in 

the actual chamber, it will be necessary to raise the absolute value of Vt on 

account of establishing the stable effect of the diffuser wall. 

(ix) When an uniform opening rate through the entire wall is adopted, it will 

cause an unforeseen low value of Vt at the section a short distance from the front 

of the inlet. 

Although those analyses were limited to two typical cases of the inlet chamber, 

the characteristics of flow in the chamber shown in Fig. 1 (b) are also capable 

of analysis by a similar method to that described in this paper. Also, though 

only one numerical example was introduced for the case of Fig. 10, application 

of the results for Fig. 4 and further theoretical treatment utilizing Eqs. (69), (69)', 

(72) and (72)' may possibly reduce the theoretically based prediction for the 

effect of inlet devices of various geometric proportions in Fig. 10. Since the 

structural differences ( whether perforated or slotted vertical) in the diffuser wall 

may only contribute to changes in the discharge coefficient c in Eq. (7), the 

above treatise will be applicable to both cases. 

The results of detailed experiments will be published soon. 
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