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: B A ABSTRACT . . o
) & . H
' The present lnvestigation deals with the drscharge charactertstics of diverging lateral ,

flows. The study considers some agpects of division of ﬂows in both open ch\annejs and
ctosed‘condpits.— ) A )

. The first part of.the the'sis deals with the study of the dischérge char‘actéri’stk&s of flow
past transverse floor outlets located In an openthannel ﬂoor For such systems, used in .

. diverting open channel flows, the outlet width and thec)ﬁr’actensncs of flow in the approach

Y - channel are the mostltmportant parameters that determine the outlet drschhrge To determine

the relationship that governs the outlerdtscharge. an existing model ot the lateral efflux from

a two-dimensional channel is used as the basis. Experimental results are presented to validate

the proposed relationship. Experiments were also conducted to study the interference effects

b b o B i+ e 2

due to the. outlet spacings on the discharge characteristics of flow. ) | ,
The’ second part of the present investigation deele with the divisign of fk;w indt‘tra‘nch ‘ b
channels. Forthe division of flow tn a brar;ch cﬁennet' set at right angles to a main chadnnel ,a
theorettcal' model is pres'en‘ted for various width ratios cf the branch channel to the main
channel. The model is developed using the principles of momentiim energy and continuity and . ‘
is based on the existence of free flow conditions in the branch channel The analysis makes use-
of the similarity of flow conﬁguration\ ;aetween the dwiston of flow in a branch channel and in a
two-dimensional lateral conduit outlet ﬁtted with a barrier. This srmtlanty of flow is used to
estimate tHfe global contraction coefficient of the converging jet entering the branch cﬁannel.
_The ratio of the branch channel flow to the main channel flow is related to the Froude numbers |
N in the‘ma>in channel upstream and dcqutream of the junction. Theoretical lower limits forthe -
upstream Froude numbers in the main channel are estatblished. Data from the preeent

experimental study and the available data from earlier investigators are presented to validate .

the proposéd model.




#The third part of thé lnvesfigalion deals w%dy of diverging I?teral ﬂov% in‘open
. channels. l-‘lere'. the governing equﬁtiohs for spatiall‘y varied diverging bateral f(lows‘ in open

channels ar!e proposed uslné momentum principles. Sucg flows areKormally encountered
in open channel manifold systems consistinq of series of branch ch nnel ouﬂets , batteries of
‘ side welrs or 'ﬂow diversion works such as floor outlets. TQ accou /t for the uncertdinty in the
axial mgrneﬁtﬁm transported across the lateral area, a pressure facovery factor is introduced

inthe forrnylation of the governing equéﬁons. A Limited number of experiments were conc‘iu\cte‘d

ii

fo estimate the pressure recovery factors for the particular case of a discrete branch channel

-

. , Py
junction and the results are presented.

The final part df the thesis deals with the ‘internal hydraulics of multiport diffusers for

which the lateral momentum distribution is uniform. Multiport ditfuser systems consisting of

lateral outlets located in closed conduits are general/ly found suitable for mixing chemicals and -

N r-s—r / .
for dispasing large quantities of industrial efﬂu?{s. Effective dilution ofthe effluent may be

obtained by.discharging it as a counter jet gpposing the main-flow. The length scale
: /

) /
characteristics of the counter jet flow. is dgtermined by the main flow velocity the

 kinematic momentum of the counter jet. For a given cross-section of the main pipg;, itis .

A

important to maintain a uniform lateral momentum distribution a\ong the Iéngth of the main

/ .
.pipe. This part of the study deals with/the internal hydraulics of a mulﬁp:} diffuser which

ensures uniform lateral momentum ?étribution along the span of the main pfpe. Experiments

were conducted & verify the proposed model a"% the results are presented.

i
i
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"Area of a single lateral

Lateral areé per unit length at x* ( Eq.5. 14)
i - . . .

Area of flow at section 1
Area of flow af, section 2

.Latera! area of flow

»
[

L]

~ Main flow drea (Eq.4.4)

BL = area of the floor outlet

Area of the manifold pipe

Area ratio factér'( Eq. 4.3)

W»dth of the open channel In Eq 4.13

" Lateral area per ‘unit length along the diffuser

Ratio of thé area of the latergjs to the area of the main pi

' a,(x") = rormalised lateral area per unit length (Eq. 5. 1'5)‘
< . . . ‘

S

'

(Eq.' 5.2)

Wndth of the ZD COndult or the widith of the maln open channel

aOonstantin Eq54

Branch‘channei “Contraction coefficient or the Contraction coefficient

of a jet through a lateral outlet fitted with a barrier and set in the side of a

2D - condutt

~
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Gy - .=  Discharge coéfficient of a single lateral . : L ; ,
o} =  Lateral discharge coefficient in Eq.4. 10 e ' . '

' Co = ‘Qontradlon o&efﬂclqnt of the Jet through a lateral outletina 2D-

. S
-COﬂddit - ' b ) . ' .
Cgt . =  Discharge coefficient for the floor outlet
¢ =  Coefficient in Eqs. 2.1 and 2.6 .
G, = Coefficient in Egs. 2.1 and 2.6
C; = Coefficient in Egs. 2.1 and 2.6, ~ )
- : * !
do =  Critical depthof flow inthe main channel upstream of the floor
. outlet ¢ o o - | -
q, =  Diameter,of the laterals o - s ey
.dy = " .Depth of flow in the section upstream- of the single floor outlet :
;| ' or the approach depth of flow forthe upstream floor outlet . 3
dp . =  Approach depth of flow for tha downstream floor outlet ! ,
"t ' ' . ' . R i e
- 4 =  Pressure.head against the outletin'the main conduit
. . -, K . ’
X dA, =  Elemental area
. v l‘ \ ] ' o ,
da, = ' An-elamental area within the area ay.’ o \ N
A da, =  An elemental ‘a,[,ea within the area a2
: da; =  An elemental area within the area a5
£ te

~ ~ - Sh e - —-
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D =  Distance batween_the flodr outlets (Fig. 1.c) /‘w A
Dy =~ = ' Diameter of the manifold pipe - | ’ :
E . ‘- Total enérgy head In the section upstream of the floor outlet
T = . Friction factor h ' .,
- fx- ‘. = Com;onent in the Qirectlon of the ﬁain flow of the. pressure force
acting on the stream surface MN \
’ fy ' = ) Cémponent} in the di'recﬁon perpendicular to the main 'ﬂow of the ' *
pressure force acting on the stream surface MN ‘ ‘
A K fr - ~" Resultant pressure‘ force'on the stream surface ‘MN . h 1 K B B
“ ;f - Froude number of am‘of the floor outlet E S B
R - ' Froude number of the ma.i/r‘\ flow upstream of the branch - R
(*,' o F, - = . Froude number of the main flow downstream of the branch | | !
“ . . ' 4
R = Frode number of tﬁe flow in"the downstream ;egﬂon of the brénch "
g’ =  Acceleration due to gravity “ g
hy . =. Depth of flow upstream of the branc’h‘ o
h, L Depth of flow downstream of the branch - »
hy - Depth of flow at the section of, minimum oontracﬁog in the
| branch [ Section (3. 5. 1), Fig. 13] ' i
i ] h, = Depth of fow In the downstream secnon of the branch channel — ‘l
: . -,
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*
At x !
J v0- -~ ~"¢Jv., e T T a. . o, s .
hg - Critical &(?pth of flow in the -approach section of the main-channel IR . | cé
! . - P 1
J =  Kinematic momentum of the counter jet > - b ;
K =  Pressure \comection coefficient in Egs. 2.9 and 4.5 y )
. ! i
K - Interference factor for floor outlets (Eq.2. 11) ;
K - quor outlet Iﬁ,terference factor when Sg= 10 .
- K, , - Pressure o rrection factor at section 1
’ K, ' =  Pressure correction factor at section 2 \ T A\ ;
S =  Length of the laterals ‘ ' ‘
b ' L - Width of the lateral outlels or the width of the bianch channel
. Ly . = Length of the manifold pipe - ' )
. \ .\“\"° f ' " . ‘ v '
R O - Total length of the open channel lateral outlet system
M - Momentum ratio ( Eq. 5.1'0) ’ . ' . T o
.M =  Momentum through each lateral ) ;o \;
M_ =  Latera:momentum per unit length _ | i i
I~ L . s . ) - ‘ i
f Mgy = Average lateral momentum per unit length
B C N = Number of laterals ’
if no' . = number of outlets in the open channel lateral flow system
. t @ - .
» . p - pressure intensity on elemental area da’
ﬁ , T . 'P - Average pressure in, the cbntrol volume ' Lo ' .
! ' P(x) = ‘Average pressure in the manifold pipe at adistance x* '

Pressure intensity on the elemental area dA,

F
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- Pressure intensity on the elemental area > ' ' T

» " Ambient pressure. L o R

.- Pressure force dawnstream of the control volume (Fig. 30) -

- Pressure force upstream of‘t_ﬁa control vol{ume" (Fig. 30) | h
- Pressure force on section 1 ‘ . . ,

= Prassure force o?'seéﬁon 2 “
= Wetted perimeter . I . b L

= ' Net pressure force on the branch channel wall AB .

V. Pp = Net pressure force on the branch channel wall D

Main-flow dischardes(sq. 4.4 Lo ‘ L , .

; ' . 9, = Main flow discharge at section 1

L0
"

q =+ Main flow discharge at section 2 3 o -,

9. = 'Lateral‘cﬁscharge

q(x) =  discharge at & distance x* 3 | o .
3 q = q'(x) = Normalised discharge I =
' 13

Lo Qs = Main discharge in the manifold ,, ' s

‘Qqy = Discharge in the manifold downstream of the lateral o
* | q =  Discharge through'a single lateral” o ’ )

: g, -
Q -
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Discharge through the downstream floor outlet
Discharge through the upstream’ fioor outlet -

Discharge of the main flow ups,gfeaén of the floor outlet_orthe

main discharge in the_approach section of the upstream ﬂoor outlet

Discharge of the main flow downstr'e"am of the floor outlet or the ‘

main discharge in the approach section of the downstream fioor

outlet '

D@m in the main channel upstream of the branch o ‘ ‘ / "

Diséharge in the main channel downstream of the branch - ' / |

Discharge in the brgnch channel . . / o

Q°(') = Normalised main discharge in the manifold [Q(xJQ(0)] // E

Normalised lateral discharge per unt length (- dQvde) / A ‘

Pressure recovery factor in closed conduits'~ , //' c \

Pﬁassurer recovery factor in open ¢hannel / E
,/ |

Re (x*). = Reynolds number

Inlet Reynolds number - -

S(x) = The width of the lateral area segments (Fig. 40)

Outlet spaclng eoefﬁcuent [=(D¢+ L)/L]

Spacing _between the laterals




Cxiii

Stagnation point » | , | : f
Slope of the  open channel .
Width of Individual lateral opening (Eq. 4.3) S . b
Cosfiient In Eq.57 o " @
| Coefficient in ‘Eqs. 57 and 5. 19 : C ‘

Coeficient i Eq.5.19 - L . s
.. Velocity of the main stream -
Velocity of the main flow upstream of the floor outiet or the ‘
velocity upstream 'of the lateral outlet in the oondun' - |
Velocity of the main flow downstream of the fioor outlet ‘or velocity

> . ‘ ) )

"of the main flow downstream of the lateral outlet in the conduit

Local velocity in the direction of the main flow (Eq. 2. 10) . - :

Average velocity of the main flow at section (1) . -

Average velocity ‘of the main flow at section (2)

Average' velocity of the branch channel et at section (3)

&

Velocity downstream of the control volume (Fig. 30)

Velocity upstream of the control volume (Fig. 30)
Velocity coti'{poneht along the manifold in the control volume(Fig. 30)

. Veloci& component normal to the manifold (Fig. 30)
v : *
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Veloclty of the jet through the lateral outlet {Fig. 1b)

- Velocity of the jet through the ﬂopr outlet( Fig. 1b)
- Average velocity in the control volume ( Fig. 30)
- \Averaae velocity along the manifold at a distance x* -
= ' Velocity of flow at section 1
=  Velocity of flow at section 2 '
= Veloclti/ in the axial direction X of the main flow ]
wy " = .Velocity of the flow in the direction normal to the main flow | -
w = Average velocity of the main flow |
w(x") =  Average flow-veloclly a\a distance x* ‘ ‘ o Cy
- x = Distance along the axial direction or the direction of the main flow L ‘
X =  Normalised distance /Ly, or x/Lg - 4 :
X = Direction of themain flow or thé exial direction
v =  Depth of main flow (Eq. 4.4) . - o oy
i yy ~ = .Depth of flow at section 1 :
Yo T o= Depth of flow. at section 2
. _— Depth of ﬂpw
- Y = Direction normal to the main flow
"z = Height of the elemental area dA, above the channel floor(Eq. 2. 10)
. Lo
o = Exponent in ﬁq 5.19 ‘
B =" Momentum correction factor ( EqQ.4.6) - . '
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»
1 : . ’
§ : B = Momentum correction factor at section 1 - ;
: | o R 3
! By = Momentum correction factor at section 2
< y = Spacific weight of water l‘:
"8 = Dept;\'of corrugation (Ref. 67) '
0 = Angle of inclination of the open channel fléor with the horizontal i
. . ' . . i
. p = Mass density of water |
" T2N— :  Raio of velocity head to the totdl head (Eq.5.24) . . ST
e = Velocity parameter (= U4/ Vjc )y |
g = Velocity parameter for floor outlets (= Uy/ Vi)
- m, -~ =  Veloofy parameter for thg branch channel flow (= ¥4/V3)
nd - Velocity parameter for the downstream floor outlet o R
ny = - Veloclty parameter for the upstream floor outlet
A = Porosity of the manifold Eq.5. 1 .
. v, \ - Kinematic viscostty of water  * . ' T , o
i . T = Boundary shear stress - . ' o °
) _\ = _ Averagevalue - *
“ = Non-dmensonal Vave - ¥ ‘
' - First derivative.[ d/ dx* ] ’
) " = Second derivative [ d%/ dx*2] ’ .
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. CHAPTER |
_— THESIS OUTLINE

The division of flow from an oﬁtlet structure housed In a conduit or in an open
channel is commonly found in many hydraulic systems. Familiar pxamples of such
_systerﬁs include brar;ch channels, side v\geirs; floor outlets, multiport diffuser manifolds
and canal locks.‘ The presenf ‘lnvastigation deals with the study of the dischargé
characteristic's of_diverging or dividing lateral flow systems comprising of floor outléts
or ‘branch channel junctions in open channels and closed conduit multiport diffuser

systems, A brief schemnatic layout of the present study is outined below.

2D-CONDUIT MODEL
ROWMOOEL
OVERGRG
LATERALROW | e S
OSCHARGE sYSTRVS
OSOHARGE CHARACTERISTCS PRESSLFE AAASPORT
CHARACTERISTCS oF &X ROOVERY 1. peReeRs
CF ROW woaeL WTH
FLOW PAST N T\
AOCR RANH BATTERY | < ANT
OUTLETS " AL OF SOEWERS : LATERAL
ADFRLOOR
MO} |oneTsveres
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-

In order to understand the Behavloui' of a diverging “lateral flow system, it is

[} . F.] IS
essential to-study the behaviour of flow past individual lateral outlets. Hence, the
study [élateﬂ to the discharge characteristics of diver{;ing Iateral flows in open

channels was divided into-three primary parts. The first and the second pars deal

with the study of tha discharge characteristics of flové past floor outlets and' branch

channel junctions respectively. To this end, existing solutions for lateral efflux from a
two dimensional conduit were adopted in the development of the models for division of

flows in branch channel junctions and floor outlets. Experimental results from the

'present study_ and the” avallable data from earlier Investigations ‘were used to verify

the validity of the proposed models.

The third pat of the open channel study deals with the development of
. \ '
generalised expressions for d'iverglng lateral flow systems using momentum principles.
L J . .
To account for the uricertainities in- axial momentum transported due to the turning of

the flow, a pressure recovery coefficient is introduced in the development of the

governing equations. The theoretical evali:atlon of this pressure recovery factor " is

very complex. However, thé pressure recovery factors for various lateral flow

systems can be estimated by means of Iaboratory experiments. An experimental

\ "proce,dure for estimating tﬁe pressure recovéry factors for the specific case of a

i discrete branch channel junction s proposed and the results are presented.

The final part of the thesis deals with dividing lateral flows in closed conduit
multiport diffuser 'systems with ctfmstant lateral momentum distribution. These

multiport diffuser systeﬁms consisting of a series of lateral ouilets housed in the side

j
|
i
{
8
!
j




b

.. » N oy -
?‘I . . - : . ’ toe

A

. of a main pipé are found sultable for mixing of chemicals and for the dlsm/s}al of

. large quantities of Indus}rlal effluents. The pressure recdvery modelswhich wak used

earlier for lateral flow systems in open channels was extended ‘for the dase of
muitlport diffuser systems - with constant lateral momentum distribution along the span
of the main pipe. Experiments were aiso conducted to verify the proposed model and

N
the results are presented. 7 . "
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2.1 GENERALREMARKS |
" This chapter deals with the study of discharge characteristics of flow past'
_trans4verse,'~ ﬂdbr outlets located in an open channel ficor (Fig. 1a)...An analytidal model
based :on\the lateral efflux _frqyp a two-dimensional channel (Fig. 1b) is progosed.
Expeﬂmental results are prt;sente& fo validate the model. Preliminary exp’erlrhental
- . results reg‘ardiﬁg the effects of outlet sbaclngs on the sl';)l _discharge are' also
presented. . Ce
- 2.2 \ \ INTRODUCTION .

Floor outlets ot bot;om racks .are frequently .used to divert fioiv from one
str'eah to another. Applications also chlude their use as horizontal trqsh-raqké in-hydro
pow)ver plants and as curb outlets in streets [ 6, 66, 68].' An understanding of tﬁe flow
- behaviour over bottom or floor outlets is very lmportant for. the proper design ang
performance “of such 'flow‘diversion works. Number of studfeé have been conducted to
analyse _the\ behavioyr of flow in such outlets [33, 34, 40, 63, 65].A These " studies
generally assume conservation of specific energy of the flow aloﬁg the rack. Based on
experimental results, des}gri .charts for multipie outlets oriented in the flow direction

~

have been developed [30, 63].  / o




o . -

" results -are presented. ‘ \

]

: In order to predlct the behaviour of ﬂowoverasystem of ﬂoor outlets (Fig. 1c),
It ls essential to understand the characteristics of flow past a single floor .outlet.
( Fig.1a’) Tl'ge performance of such a system may be expected to be essentiall_y
debendgnt on the ratio of the main discharge to the diverted dlscharg'e; the state of the
approaching flow (subcritical or supefcfiﬂcal ) and Begaometry of the éystem,.

Al

Recently, an: expression for ﬂ\e\dlscharge through a élngle transverse floor o,utlet‘ :

located In an open channel has been proposed [36]. However, in this simplified model,

was not considared The present Invesugaﬂon specmcally includes the efect of the outlet
width to ttie flow depth ratio L/d; on the ‘floor ouﬂet dlscharge For this purpose, the

resufts from the existing hydrodynamic modsl [ 28, 32] for the lateral afflux ﬂjom a two
dimensional condult ( Fig. 1b) have been adopted [47,56]. Experimehts were conducted to
verify the validity of the model.

In a floor outlet “system ' composed of muitiple outlets, ;he interference affects

of adjacent outlets on the outlet discharge can be considerable. As such, the data
related to the discharge characterstics of a single outlet should bé supplemented with

Information - concemning outlet Interference effects. Preliminary experiments ;Nere

\

to

>

!

conducted to study the effqéts "of outiet spa'clng on the outlet discharge and -the

the effct-of the rato of the outatwicth L. o the_ fow depth d; on the-utiet discharge °

‘\

i Lt § "3
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~zamsénsncuoonsmenxnons ~ L % -
/ased on the model for the lateral efflux: matwo-dlrhehsional conduit ( Fig.1b), . '
) D | ’

the’ problam o Mdlngflowpastarectangular erse outiet located In an open channel e
 fioor ( Fig.1a) Is*studied. 3 J ‘ .
. , » , g Py

. o - .. .
2 3.1 LATERAL EFFLUX FROM A TWO DIMENSIONAL CONDUIT . /

The characteristics of lateral 6fflux from a two dimensional conduit ( Fig. 1b) based
- on tfee stréam line theory have been deten'nlned earlier [ 28, 32 ]. Far the flow through a
_lateral outiat of wldth Lin atwo dimenslonal channel of width B, the dependence of the . g

¢ . 4

contraction cosfficient Cego on the velocity parameter N (= U1/ Vicy With L/B asthe
" - - o ,,\~ : ' i
Weter Is shown in Fig.2. Here, Uy and Vj; refer to the velocity of the main . .
- ol upstrearn of the outlet and the velocity of the lateral efflux respeciively. 4 ]

» 2%

N For 0 < L/B ¢ 1.0 anduf e < 1.0, the relationship between Cgy and ng -

can be approximated [45] by the following polynomial.

! S | Ceo = 0611 + Oyng?+Cp nc* + Cane® - (2.1)
N ,‘ ) o . . . | ) !

Lt . - . .- ) c /\ L
where, S _ - R 2

S : Gy = -0538 + 0.24(L/B) ; o ST .

Cp = 0058 + 0234(L/B) ; y

. - - - Cg = -0129- 0489(L/B) o (22)
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3 i .
2.3.2 FLOOR OUTLET NAN OPEN CHANNEL

: Fig.1 b denotes the flow past a transverse rectangular fioor outlet of width L

Iocated inan open channel of width B. The main varlables that characterise the lateral outlet

flow are the dtscharge, coefficient Cy , the velocity parameter ng and the parameter L/dy.

Here, d4 denotes the depth of flow in the approach’set:tion and n; denotes the ratio of the

2

‘velocity Uy in the "approach section 1o the resultant velocity ij of the jet emerging from

the slot (Fig. 1a). The discharge coefficient for the floor c(utlet Cqys may then be defined as,"

y ' . )
. . Discharge through the floor outlet
- —
o q B LV AP
Here, i
> ij ‘= 4 2gE " o : 7 ' (2.4)
“ N ) h iy
) TR -
E = [— + K g1 ] - ’ . ; (2.5)
2g - . * ‘ '

ln Eq 2.5, K denotes the pressure ‘correction factor for curvilinear ﬂows A note

related to the estimation of K Is glven in section 2. 3 3. Y,
Q ' ! a}

~f : ',-, (‘:V'
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- . The following assumptions are made in relating the parameters Cdf- n agd L / dy h
v A " .
- . " for flow through the floor outlet \
1. The channel i8 rectangular and horizontal, . . .
2: °  Theflowls essentially two dnmensional -
| ¥ _ 3. The contracnon coeﬁlcient Cco of the lateral efflux from atwo dimensional conduit
model closely approximates the coefficiant of contraction of the Jet emerging from the
. open channel floor slot. For this to be valid, the width B of the two dimensional
: - conduit modelshould correspond fo the depth dy of the open channgl model.
’ , N .‘3 ' "
N Based on the above assumptions, the relationshipbetween Cyand ny with'L/dy as |
z ) . ' hv] . ¥ ' - - i B
' the group parameter for the floor slot in an open channel can now be expressed as, -
B / 5 . |
- Cgr = 0611+ Cyn? + Cp i + Cg S (2.6)
where, for 0< L/dy £ 10 0 < nf ¢ 1.0 ' -
‘ R 7 “ne ‘ T N ,
4 e N ' ' < . - . . o
01‘ . ’ . Cyq = -0.5638 + 0.254 (L/d1) ; i , } "{
4 :., . . 2 r . !'? {
. . C, = 0.058 + 0.234 (L/dy) - O
. and ‘ ‘
- C3 = 0129 - 0489 (L/dq) =~ @
. ) :

RS U
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The relationship between Cgt and o5 denoted by Eq. 2.6 is plotted in Figures 610 10 C .

» o for spéciﬁc values of L/d4.

Further, it may be noted that the Froude Number of the approach flow F; (Eq. 28) is

related to n; as shownin Eq.2.9. ' S .

q ' ng = .
' 2K ’
. 1+ — '

‘ _ o - FE . o T

S

2. 3. 3 CORRECTION FOR FLOW CURVATURE -

Significant curvature of ‘stredm lings may be expected in flows dealing with floor

|
!
i -
i

outlets due to the continuous,removal‘of water through the lateral olitlet. Hence, in evaluéting .

thc; total energy head E (Ed. 2.5) in the approach section of the main channal, a. conveyional. - -
pressure correction cosfficient K as shownin Eq,2.10 will have to be employedto account

for the deviation from the hydrostatic pressure distribution .

KY.th1 - I((po/1)+211deAo . (2.10)
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inEq. 2.10, Qy, s the discharge in the main channel upstream of the floor putlet,
" Uy s the local velocity in the direction of the main flow, pg the pressuré intensity on an

elemental area {dA,, located at a height z above the channel bed.
. ) e

A

2 3. 4 INTERFERENCE EFFECTS DUE TO OUTLET SPACING

In eajier studies related to interference effects in conduit flows [ 29 ], the number *

" of outlets Werg limited to two. Increasing the number of outlets did not-produce ariy slgniﬁcant i }\
chanbe in"the characterstics 6f_the outlet flow. Hence, the présent study on interference ‘
_effects were confined to a two outlet system. ’

»
]

For the floor outlet configuration shown in Fig. 1c, the lateral discharge Qg4~ may be

. obtained from Eq.2.11 . '

¢

Qg = K Cgp A VZGE (211) '
' t o
Here, 7 R '
Cyp = discharge cpefﬂcient for tho'dovvnstream floor outlet - o } :

At = BL= area of the floor outlet o ’ , ‘ !

i "+ E = totalenergy head inthe approach section

4

In Eq.2.11, K; Is a coefficient which accounts for the Interference effect of the
upstream outlet on the outiet downstream. Experiments were conducted to study ttfe variation ,

of the interference factor K; with the outlet spacing coefficient St - (Dg+L)/L) ). ' (




‘2. 4 EXPERMENTAL SET-UP: FLOOR OUTLETS

-

The experimental arrangement used is shown in Fig. 3. The main channel reétangular '

-2 . . N
in cross section, 25.4 cm wide and 12 m long was made out of polished stainless steel plateg.

Transverse rectangular slots fixed in the channel floor were obtained from machined’

‘ plexiglass sheets. A gradual channel transition along with screens at the channel ent‘(ance ‘

ensured stable and smooth flow in the approach section. The dischérges through the slot and
the maln channel were measured by previously calibrated’ V-notches Very small dtscharges

through the slots were measured by gravimetric measurement The deplh of flow ln. the
- V-notches were measured using point gauges accurate to '0.001 ft (0.3 mm ). The depth dy

was measured at a section just upstréarn of the floor outlet (Fig. 5a). The velocity aﬁd
pressure distributions aéross the channel section were recorded at.regular intervals. A3mm
diameter pitot tube was used to obtain the ‘total head and a screw driver static p;robe v}ith, a
flattened end section \was uséd 10 get the static pressute. The pressure along‘ the channel bed

was recordéd by means of piezometers.
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'2:5 _ DISCUSSION OF RESULTS - | \
o ~ *
2.5.1 SINGLE FLOOR OUTLET
2.5.1.1 CURVATURE CORRECTION
o " "The experimental results for the variation of pressure correction factor K [ Eq.

2.10] vyith the slotwidth L and the conditioris of flow in the main‘channel approach are shown
' in Fig. 4‘ Theresults lnclude the data from the present-study and the data available from
garlier invest:gators[ 37]. A polynomial fit such as Eq. 2.12 was used to obtain the value
of K for purposes of computmg the total energy head in the approach section of the main

-
channel. i o

- K = 1.00-035 (L/d;) - 085(L/d)2+ 090 (L/dg)3

- 2.12) ' ‘ . ' .

where, d, Is the critical depth of flow in the approach section.

2.5. 1.2 DISCHARGE - 1“-4 L/dq RELATION %

N

Fig 5b shows the velocity and pressure profiles at various sections of the main

flow along the open channel. The floor pressure recorded at section 3 ( Fig. Sa ) just

ypstream of the floor outlet approaches that of ‘the atmospheric pressure. The floor

prassure ata section downstream of the floor outlet at section 4 corresponds to the
total heﬁ of the flow Bue 1o the occurence of the stagnation point at.a location near the
. ' downstream end of the outlet [4,8]. " The _theoretical celationship between the

S

¢

I
i
i
i
¢
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N

discharge coefficient Cy¢ and ng Is shown in Figs. 6to 10 with L/d¢ as trs'group

" parameter. The experimental results from the present and previous investigations [ 66] are,

~ shown in these ﬁéures. It is seen that the experimental results agree fairly well with the )

i

13

theoretical relationship and support the choice of L/ d4 as the group_parameter. The

theoretical lower bounds of = for given values of L/d’j are also shown in these figures.

However, it should be noted that in the subcritical range, for L/dg < 0.2, the flow in the

vicinity of the floor outlet was generally characterised by the formation of large scale
undulations and vortices and henca reliable ciata could not be obtained in this rang"e.'

) |

-

The Froude number Fy in the approach channel is related to the velocity parameter

>

m¢ through Eg. 2.9. The latter has a finite upper bound of ’g'ne and hence facilitétes the
presentation of experimental data. Knowing the discharge and depth in tﬁe approach channel,

L/djand ng canbe determined.' This in turn enables one to obtain the discharge through

the outlet us!ng Eq. 2. 6. When there is a rapid chande in the flow profile caused by a hydraulic'

jump, a hydeaulic drop or \iorﬁces. the propiosed }elationship between Cy; and n; ( Eq.2.6)

N

will not be valid.

1

\

2.5 2 bﬂERFERE!«CEEFFECFSNATWO-OUﬂ.E{SYSTBM o \
Fig. t1a shows a typical run for a two floor outlet system. The velocity and

_pressure profiles at various sections along the flow in the main chénnel aré shown in Fig. 115.

. 8




Thé dependence of K; onthe outlgt spacing S;with ng as the group parameter is s‘l.mowr;,iﬁ
Fig. 12 .\Fro’m Fig. 12, it can be seen mgt the interference etféct on the downstneam' outlet

: ,diminisllnes as thek outlet spacing S¢ ds .Increased. . For practiéal considerations , the 5
interference effects on the downstream outlet due to the outlet upstream may be deé;:ed L
negligible when the outlet spai:ing Sy exceeds a ;ra!ue of-7. Further, when the outlet spacing S¢
is dacreased, the interférence effects becoms significant and appear to reach ; ﬁaimum value’

dround S¢ = 2. The interference effects In this range can be considerable and must be taken

into account in designing floor outlet systems. Further reduction in the outlet spacing tends to

reduce a;he interference effects on the downstream outlet and finally the two outlets behave as

a single unit when the spacing is very small (S; < 1.25 ).’

» t ’
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CHAPTER !li

DISCHARGE CHARACTERISTICS OF FLOW IN OPEN CHANNEL BRANCHES

i A

. 3.1 GENERAL REMARKS _
This chapter deals with division of open channel flows in a branch channel junction.

‘To this end, an analyt'ical modeal based on existing solutions for flow pastabérrier set In )

the side of a ‘two-dimensional channel Is proposed. Experimental results from the present

Study and the data from pravious investigators are presented to validate ihe proposed

t

model.

3.2 INTRODUCTION
A comprehensive experimental study to dete}mine the characteristics of dividing flows

in an open channe! junction is difficult because, the flow at the junction is characterised by

f L}
features like separation, recirculation in the branch and wave formation in both the main

channel and the branch channel. Further, depending on the control conditions in the main '

channel and the branch channel, the flow in the junction may be subcritical or supercritical. At
present, comprehensive analytical studies related to the division of flow in open channals do

not seem to exist.

The first detailed experimental study of dividing flows in an open' channel was done by .

Taylor (62). In this study, the main channel and the branch channel were of the same width.
The Branch off-take was at right angles to the main channel. Using the experimental results,

Taylor 'probosed a graphical solution which included a trial and error procedure. Grace (18)

presented experimental results for different width ratios of the branch ‘channel oriéntation -

with the main channglaes® the division of flow and classified the d%f flow into two

’
e A g N

o SR S .




regimes based on me‘é;(isteﬁce of surface waves. The regime. without waves oor‘ponded to
the cés:es where the Froude numbers were relatively smail. The regime with waves
corresponded to free over-fall conditions at sections downstream of the junction. t
Experimental studies for other Froude number ranges covering the intermediate flow conditions
were not mada by Grgce {18B). .
Miine-Thomsori’(31 ), Tanaka (61) and Murotta (35) have solvad the problam 6f branch o
‘channels analytically using conformal transformation. However: the assumption of flow de'pth'
being constant in all thé channels makes it unrealistic for use in practice. ! . e . ‘

Division of flows with subcritical flow in the main horizontal channel and superc'ritical

flow in sloping branch channels have qlso been studied by earliar investigators (22,41,42,43). .
In these studies, the branch channel flow was treated as flow through a side weir of zero sill

height to obtain an experimental coefficient. Hager(19) has recently proposed a simplified.

T e e v e it

model fqr evaluating loss cosfficients for flow through branches by neglecting the transverse '
variations perpendicular to the channel floor. « \

Both analytical and experimental investigations of\ the problem of dividing flows for-
right angled channel junctions have been made by Law andn Reyno‘lc.is (25). Thelr experiments
were confined to subcritical flows in the main channel. The flow in the main channel and the"™

- branch channel, was controlled by means of tail ﬁates. The width of the main channel B and

- the wi;lth of the Tanch channel L was 8". The measurement of depth in the main channel

© e e e ——

upétream and downstream of the junction as waell as in the branch channel were made at a

N fixed distance of 34" from the centre of the junction. The momentum equation was applied
. to the main channe! and the branch channel 'separately. Becauss of the existence of flow

~separatiomand the return flow separation and the return flow in the branch a contraction
coefficient C; was introduced to account for the effective width of the branch channel. ‘

However, the mean depth of flow in the branch channel was always measured at the centre

a >
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line of the channel and at a fixed location. This leads to considerable errors in the estimation
of the contraction coefficient C, since the com_plete“contraction of the jet (Fig. 13) and

subsequent reattachment of the flow to the branch channel walls might have already

occurred ‘ahead of the depth mga’sun‘ng section in the branch . This seems to be the case for

a large range of values reported By Law and Reyrfolds for which C is indicated as unity. It

)

should be noted that separation and hence considerable contraction of the flow entering the

- o -

branch increases generally with the increase in the upstream Froude number Fy in the

main channel. Further, ﬂg{gction of maximum contraetion shifts downstream with the

[ U S GU VOV SIP P

increase in thg yalue of Fy. This observation has also been made by Rao and Sricharan (23).

[ L4

Systematic experimental studies have been carried out by Rao et al (23,24,59,60) _ o &

& for dividing flows in a branch channel.. They have analysed the division of flow based on

continuity, energy and momentum principles using the. Froﬁde numbers Fy and Fo as ’

.

reference parameters. Here, F, denotes the Frouds number atthe\downstre?%bection of L e

th‘e main channel. They have experimentally determined the dependence of,03b1 on Fy

i
!
!
i
i

< and F, for various values of L/B. They further attempted to correlate the width of the
2 : z

' return flow zonéd in the branch channel with the Froude number F2 and the branch channel .

3

A .
- Froude number Fy, based on visual observations. The observed value of C, was always
considerably less than. unity for all flow conditions. l\}m'xough, their data displays

considerable scatter, the results related to C. provide useful qualitative information.




Branching of flow finds application in flow distribution systems in plants which treat

‘water and waste water (4). In such systems, feeder channels set in groups andrlinked to

mixing tanks of treatment plants are often short and the existence of free over fall conditions
at tha end of the branches generally ensure unsubmerged conditions near the branch channe!

entrance. Even in irrigatron systems unsubmerged flow conditions in the branch channel may

be found when the branch channel is very short and the Froude number Fp, in the downstraam

)

section of the branch channel is greater than a threshold value (24,26). The present study

deals with the formulation of a simple theoretical model for divuslon of flow in short branch

_channels when the flow in the branch channel is not submerged due to downstream controls.

v
For computing the branch channel dnscharge it is essential to esnmate the value of the

contraction coefficient C of the separated flow entering the branch. To this end the present

model makes use of the slmllanty of flow configuration between the division of flow in a

branch channel and a two-dimensional lateral conduit outlet fitted with a barrier (inset - Fig.

14). This enables one &o estimate the contraction coefficient C, from the corresponding

condtit outlet model. Dde to the complex nature of the floew in the branch channel, only glohal

values of G are'sought,-for the branch channel model. Based on this analysis, the discharge
- v . K4

g , .
ratio Q4/Q; Is related to the downstream Froude number F,, for given values of L / B.

Existing results from earlier studies (22,26,60) and the results of the present investigation

are both used to validate the proposed model.In this context it should be noted that the data

. used from Law (26) were restricted to the cases in which the section of maximum contraction

on earlier investigations] 24,26), the flow conditions at the entrance to the branch were
generally not submerge% when the Froude number Fp, in the branch was greater than a threshold

valye. This threshold value was observed to be close to 0.3:}I’he results of the present

{ests Indicate that this threshold value is close to 0.35( section 3. 3.7).

18

” in the branch was not submerged due to the downstream contml in the branch channel. Based ;
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3.3 THEORETICAL CONSIDERATIONS

3.3.1 FLOW OONFIGURATION |

The general copfiguration of the flow entering a branch channel (Fig. 13)( cloéel_y‘
resembles the paftern of lateral,flow past a two-dimensional conduit 6utlet fitted with a
barrier (insefiE\ig. 14). Here.v L denotes the width of the outlet and B the width of the

conduit. in both configurations, the flow approéching the branch separates from the main
- &

channel and begins to contract and evahtually attains a width CcL at the section of

e

maximum contraction. In the conduit model, the contracting jet assumes the terminal width

r : . .
CclL at a locatie;n far away from the outlet. Howaever, for all{ practical pugpo;esf’é‘lmost all
of the jet contraction essentially occurs within a shorf distance from the conduit exit. In
the case of the.‘branch channel, the maximum ¢ontraction of the separated flow aiso

__ occurs within a short distance from ‘the maln channel exit. Thisdistance is generally of ) .

q the orde( of the branchJchannel width L ('gs 60). Further. following the contraction, the jet
| ‘expands to the width of the branch channel leading to the formation of a cavnty (Fig. 13).
The similarity of. the two ﬂow; configurations aas far as the contraction of the separatéd

flow Is concernad, enables one to estimate the contraction coefficient for ‘the branch

channel flow using the model of a lateral conduit outlet fitted with a barrier (inset- Fig. 14).
- . " .

[

3.3.2 MAIN VARIABLES .

© Let (V4, VpV3) and (hy h2.h3) denote the mean velocities and depths of flow at
'sectnons 1,2 and 3 respectlvely (Fig. 13).” The Froude numbers Fy = V,N gh1 and Fo =

gho of the main channel and the discharge ratio. Q3/Qq are the main variables.

e .

4

RS



'corresponding conduit model.
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©

Determining the dependence of Q3/Qq on Fi and F, for given values ofL/Bcbnstitutes

the branch. channel flow problem. In the developmentof the soluhon. a relationship between '

. the contraction coemcient cc of the separated flow in the branch channel and the

-

velocity _parameter ny = V1N5 is required. Such.a relaﬁo_nship is ‘extremely difficult to

. establish in view of the complexities associated with free surface flows. However, as stated

earlier, a close approximation for C of the branch channel flow is obtained using the

3.3.3 ASSUMPTIONS -

’
]

The following assumptnons are made inthe development of the branch channel -

it

ﬂow analysls o .

(1) The maif and branch channels ase rectangular and horizontal. The width of the brarich
" channel L is restricted to a width less than or equal tythe width of the main channel B |
and the flow in the main channel is subcritical.

(2) Energyloss is negligible between sectons 1 and3. CE .

.{3) The pressure distribution is hydrostatic at sections 1 and 2. The average pressure head

acting along the-dividing stream surface MN (Fig. 13) }3 assumed fo be the a\}erage of the
pressure haads atM and N. -

"(4) The fnct:on lossis neghg'ble in the short reach 1 to 2. ) ' /

(5) The branch channel is short and the Froude number of flow in the branch is greater than

.0.35. Hence, the flow conditions are approximately critical at section 3 where the

-«
max:mum contraction occurs (see saction 3.3, 7)

(6) The contraction coefﬁcben%!or the two dnmen;lonal conduit outlet fitted with a.

barrier provides a good estimate“for the global contraction coefﬁcient in the branch’

channel when the values of L/B and hy are the same for both céses. .
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3.3.4 GOVERNINGEQUATU\IS - ) !
From energy considerations between sactions 1 and 3 (Fig. 13), £
N g |
2 . V2 '
V3 = [Vq + 2g(hy - h3)] SR (3.1 .
where, T | ) " Q’ l
i V3=Qg/Celhg ' (3.2) : "
Ay + - '
e / S
! ‘ ) From continuity considerations, '
. ld N .
» ' '
Q1 - 02 + Qa . ’...(3.3) g
' Substituting for Qy, Qp and Qg In Eq. 3.3 we have, . . . ‘ ’
. N , ) ) " . ) ) i N
Bh1V1 = Bh?VZ + CQL haVs __— ...(3.4) b

From the assumption of critical fiow at section{(3) 2 ‘

- L Vo T

- .
. .
1 - y
- . - >
'

—— e " From Eqs’. {3.1), (3.4) and (3.5), Qnef’ can obtain the following exbression for the disqharge.

P
v - « 2 ¢ onphone

ratio Qg/Qq. -+ —_— v
4 ’
.
»
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Q, 1 L 2 782
—_— o — ch, —| F |1+— (3.6)
Q- M3 B F}, .
* ° ] \ -
* "
- ' . ' . ) )
Further, from the definitions of Fy (= V4~gh) and nq (= V4/V3) and Eq. (3.5) we have, N
2 . L -
2 o
- S e ——— Coen
. 3 t 4
— -1
n o
' * Substituting Eq. 3.7 in Eq. 3.6, . N
. : . {

’

¥ .(\ “' L . | ': .'
L ¥ N T . .

. o (Bngend)

- . : | e ) - - ' F Lo
. From momentum conskderations In the direction of the main ﬂp%etween sections SM and .
. RNinFg.13, . o _ o
. 1 E S 03 1 :2' . . . ( .
pPQp(Va-Vq) = — yhj[B(1-—) ]~ —yBh} + 1§ .(39) R
: 2 ‘ 01 2 ’ ' . ‘
' ( l. ’
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Inthe preceding equations, Q= discharga in the main channel after the branch |
' ' p =  mass density of water
. S hid ; ) . . :
_ ‘ .y = specific weight of water. o K ' ‘
* f, = . componant of the preSsure force acting along the 3
. | . diviling surface N (Fig. 1) in the direction of the

main flow.* ~ : . : “x, ¢

* ' The average préssure head acting along MN (Fig. 13) is taken as the average af the

‘ e e
pressure heads atM and N. ‘ ‘
. \ ’ ' : . L 4 e
© q,afh Y /O .
e .. _18( 14 2) (__3) " (810
2 \ 2 / \q :
substituting Eqs. (3.4) and (3.10) in Eq. (3.9) and simplifying, one gets, ’ ‘
o Y 1 WP h, Q3 T @i h;
o . 2 \ 2] N2 Y3 3] D2 , -
~ =l- —l+=] = = .- eFlsn|1-—| — o
hy 4 “hy|l hy Q o Q| by ‘ ‘_‘3 B ’
N ) /\ . .
! \. * v
‘I ° Q3 . .
- ¥ gp% 1e— = 0 (3.11)
+ d 01 /-" *




24
Using the definitions of FyandF» bgethér with Eq.(3.4), one can obtain. "
03 [AEEN [
- F1“[1 --—1 )
‘ L O Lo
T R ——p 1 81
) hy) .
\
3.3.5 CONTRACTION COEFFICENT -

The hydrodynamic model to detérmine the characteristics of ﬂow-”bast a two

dimensional jet issuing out qf a conduit outiet fitted with a barrier (inset - Fig. 14) has been
investigated earlier (28). The solution relates the parameters C,, L/B and (1- Qz/Q4).. |

With the help of the continuity equation fo r the two dimensional conduit’ mode! denoted by:

Eq.3.13,a W between C, 7y and L /B Is obtained [48} and is shown in Fig. 14.

4
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For the conduit model, as the discharge ratio Q5/Q4 approaches unity, the parameter ny
{Fig 14), attains a minimum value for given \}alues of L/B. At this condition, the contraction

ooefﬁgient C, will reach a maximum value (Table 1). However, in the corresponding branch

channel flow problem, the ratio Q3/Q4 will not have reached unity for these minimum values of

ﬁ1 according to Eq. 8. In‘order to extend the solution for-Q4/Q4 up to the value of unity for

-

the given value of L/B, the maximum valua of Cc'is assumed to remain coristant in the extended

. . ‘h ,
range of Q/Q,. The cotresponding value of hy is obtained through Eq. (3.8) which is based on
1 1

» the branch channel continuity considerations. For values of L/B < 1, the range of n4 o\}pr

s

" which C,, Is held constant in the branch channel model is relatively short (Table 1)-

3.3.6 DISCHARGE - FRQUDE NUMBER RELATION . ‘

For a given value of Fy\the corresponding values c;f n¢ and C can be obtained from
Eq. (3.7) and Fig. 2 for fixed ;Alues of L/B. The discharge ratio in the branch channel Q/Q;
for ;he specified ,valué of Fy can be readjly deter;nined from Eq. 3.8. The value of the depth‘; - °

r_atio (ho/hy) canbe obtaingd subsequently from Eq.3.11. The downstream Froude number

F, can be computed using Eq. (3.12). When the value of 14 for the conduit model (Fig. 14),—
2 y - "

Cy is held constant at its maximum value for the given value of L/B (Table 1) and the above

procedure is repeatecj.
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3.3.7 DISCHARGE - BRANCH CHANNEL FROUDE NUMBER F, RELATION'
The conditions of flow in the branch channel will affect to a great éxtent the discharge ;
distribution In the branch. Hence, 1o check the appropriateness of assumption 5 in davelopin o
the theoretical mode! a limited number of experiments were also conducted to study the: -,
effect of branch channel Froude number Fy, on the flow division. ‘
4
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3.4 EXPERIMENTAL s:-:‘rup

Some - tests were conducted to obtain a venflcatbn of the proposed theoretical mode!
for the division of flow.in the branch channels. The rectangular channels used in the tests
'were horizontal. They were made of stalnless steel and had a smooth finish (Fig. 15). "The

“main and branch channels were 25.4 cm wide and 43.2 cm deep. The Branch channel was

: positipned at right angles to.the main channel and the edges at the luncﬁon ware sharp. 1
The . discharge from the chanr;els were me_asured-with ihe he,lb of'standard V-notches:

The polint .ga'g'ﬁs used to measure the water levels in the chanriel and the V-potch tanks .
could be féaﬁ tb\\thé neérest 0.1 mm. for each test run floor preséures and the centre

line surface proﬂles Mere recorded

-

Sectaons J and K, 25.4 cm upstream and downstream of the junction along the centre

line of the main channel were chosen to measure the upstre,am and downstream depths h1

v

and. hy respectively. The Tepth by, in the branch chanriel was megsured at a distance of

-

100 cms from ihe centre oﬁhe ]unctic;n. This locaﬁon was chosen to be essentially free
from the effects of the-hydraulic jump and the bac;k water effects from the downstream o
coﬁtrpi in the-branch: To reduce large scale turbulence and ensure)s‘mooth ﬂov). bafﬂ? |

systems were provided (Fig. 15). : o |

[
.
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3.5  ANALYSSOFRESUTS

3.5.1 EFFECTOF Fy, ONFLOW DVISON - o |
For dividing flows In brahch channels when the Froude number Fy, in the brarich is greatar’

than 0.35, the results from earliér Investigations [24, 26j and the present study pndlc'ate that
the flow “in .the brar;ch channel in the ‘vicirmy of the junction will not genarally be
submerged. Such sltuations are ndrmally encountered in bhanqels with short branches or
branches which have steep slopes. , » ‘

Recognising th'a@ the nature of flow near the Eranch entrapce deteimines the discharge ‘

ratio, a limited number of exberiménts were conducted to determine the effect of Fj, on the

main channel flow [Fig 16).

The conditions of flow ln the branch may vary depending on the nafure of control in the
downstream section of the branch. When the flow atthe section of maxlmum contractlon
‘ { section 3- Flg 16) Is critical, the flow immediately downstream of thIs section wil be
. expanding and supercritical. Depending on the downstream control, the flow can remain
' supercr"ltical or may lead to the formation of a hydraulic 1umg.' Further, when the »section' of
N : maximum contraction corresponds to critical flow o'onditions. the changes in the branch channe! ‘ \f o
. flow at a $ection downstraam o@mhould not significantly affect the ﬂqw inthe mair_\ v ’ . {;
¢ - + channel. An obsenvation of Fig. 16 stows that the conditions of flow in the maln channel were ' ; !

relatively unaffected by the changes in the branch channel when the branch channel Froude .-

number Fy, exceeds 0.35and the conditions of flow in the section of maximum contraction is | e

 close to critical. Further, for Fp lessthan 0.35 Itcan be seen that the conditions of flow in

" the section of maximum contraction is clearly subcritical and any change in the flow condjtions




v v e

in the branch affects the main channe! flow dréstica]ly. This obéervation lends support to the

)

assumption that the flow is close to critical in the section of maximum contraction for short

branch channels in which Fy, is greater than 0.35 .

. . | )
3.5.2 VARIATION OF Q4/Qy with Fy:

“The theoretical relationship between the discharge ratic Q3/Qq and the Froude number .

¥ :
F4 of the upstream section Is shown in Flgs.1 7,18 and 19. for three typical values of L/B.

The available data from the previous investngators [22,26,60] and from the present set of

experiments are also shown in Figs. 17t0 19 for the correspondnna values of LB.

Although the - experimental - data 1o||ows the general trend predicted by the

theoretical relahonshlp (Eq. 3.8), lhere Is cbnslderable scatter in the experimental data for
" L/B=1 (Fig.17 ). the agreement improves as the value of L/B decreases ( Figs. 18

and 19). The data oblained from Krishnappa et. al [22] was for branch channels having a

" slope of 1 in 30. Consequently, one can expect |he. arge ratio Q4/Q for such cases to

be ﬁigher than the theoretically predicted” valus for horizont}l channels.

T

The experimental observations indicate the formation of surface waves when the value

of Fy approaches 0.8.As such, the proposed theoretical relationships are only valid for

cases where F is less than 0.8. The lower bounds for F 4 as predicted by the present branch

‘channel model when_Q4/Q4 reaches unity Is shown in Figs.17 to 19 -As may be éxpected, the

lower bound for Fy (Qg/Q4=+1) incraases with the width ratio L/B.

{

I
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3.5.3 VARIATION OF QgQ; WITH Fj T ) R

*

The theoretical relationship between Qg /Qq and F, is shown in Figs. 20 to 22 for

.three typical values of L / B. The available exparimental data from the previous investigators

(22,26,60) along with the data from the present §ef of experiments are also shown in Figs. 20 .

to 22, for the corrésponding values of L/B. The theoretical relationship between F5 and '

v

03/61 is seen to 'agre_e well with the experim®ntal data for all the three values of L/ B

El

chosen. Consequently, for purposes of design, the relationship between Q4/Q4 aqd Fais .

recommended. - Even though, the theory predicts the values of Q4/Q4 for the full ré;\ge of F5

from O to 1, the use of the modal is not recommended for values of F, beyond 0.7 because of

" the presence of the cross waves. : .

3.6 PRACTICAL APPLICATIONS

The analytical relationships between the discharge ratio -Q3/Qq, the upstream

| Froude number F4 i‘d the downstream Froude number Fp forgl{/en values of L/B tatios

is shown in Figs. 17 to 22. They provide a simple proceedure to estimate the discharge i
ratio as & function of the upstream and the downstream flow conditions in the main channel. . - {

"It is to be nctted that certain conditions in the branch channel affect the flow in th'e.'

D - junction. However, the present model Is effective for cases where the section of

maximum cpntraction of the separated flow into the branch is not submerged due to the

_— ' downstream contro! in the branch channel. This condition Is generally observed when Fy, is

.

greater than 0,35 .

’

W
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‘In a typical field problem, ‘the rating curves relating Q - hy-or Qy - hy and Qg --hy, are
known. For subgcritical flows, downstream conditions in the main channel-determine the depth
'of flow h,. Knowing Qp, hy and the downstream Froude number Fp, Qg and hence hy, can

' be determined from Figs. 2010 22 for a given value of L/B . For the cases where the
discharge in the section upstream of the junction and the rating curves foi the main channel

section downstream -of the junction and the branch charinel are known, a simple- trial

_procedure to find Q/Qq Is presented here.

3.6 FIELD EXAMPLE L e
The following example given by Taylor (62) readily available for branch channel
flow 'is considered for comparison: ‘

Data: L=B =101, Q=500 cs,

rating curves for the btanch channel and the downstream section of the main
channel [Fig. 8 - Ref. (62)].

' ‘Taylors graphical trial -and error procedure based on the expenmenta! relati nshlp
Y
. between Q3/Qq, hyMp, hoMy and Vq/2ghy yiekis the following solution:

\

Qy = 170¢cfs, Qp=330cfs and Q5/Qq = 0.66

) ' ! !Qmsﬂ !!lﬂu\ !m; ‘ ‘ .\ ‘ N .
Assume a trial .value of Oy and hence obtain Q3 and Q/Qy. In turnaobtaln the trial

value of Fy from Fig. 20. Using ‘the trial values of Qy and Fp compute hy. It the trial

31
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values of Qy and hy do not match the'rating curve for the downstream secgon; éssumb a ~
newvalue of Q, and repeat the prodecure. ' N
_ For the, numerical probiem stated earller, the. trial solution that satisfies the \rating‘ curve
and Fig. 20 is given below.
Qp=1900ls, Qy=310¢fs and O30y =062 '
F2-0.18 h2-6.9ﬂ and Fb-u
(Since Fb%.as. the solution from the proposed method Is valid.)
e 1
| ’ |
’ ’ v :
. / ) ’
. ’ .
b 8 ' )
. : 3
& ‘ . “
? ,. . \




; , .) ' 1 s . _
+ ? .
e o
| )
) A ' “ l M
- _» ; g
| " CHAPTER . IV
1 - - - .
DISCHARGE CHARACTERISTICS OF SPATIALLY VARED . - B S
[— . " ., i .
DIVERGING LATERAL FLOWS IN OPEN CHANNELS
. ) }
o !
J i _— |
‘ ) }
A . . | T
f?‘ » X . :
. < "
\i ‘ - i N
\ I
; .




a ! _ ’
~ B
- 33
b‘ u
/'. S . ‘ \
CHAPTER IV . . c
o | .
DISCHARGE CHARACTERISTICS OF SPATIALLY VARIED DIVERGNG ‘ : ?
. _ LATERAL FLOWS IN OPEN CHANNELS | :

v L.

4. 1 GENERAL REMARKS
This chapter deals with the formulation of governmg equations for spatially varied

diverging lateral flows in open channels. A pressure recavery cosfficient is introduced to

account for the uncartainty in the lateral momentum transferred along the lateral due to the

turning éf the flow. A shﬁple experimental procedure for the evaluation of this pressure

recovery coefficlent for a speclfic case of-a discrete branch channel Junction is presented.

. e . . Al

4.2 INTRODUCTION

Flows wherein the discharge varies in the direction of flow may be described as = o

spaﬁglly varied flows. Further, the flow in which the discharge decreases In the direction of

flow can be defined as a spatially varied diverging Ia_teral flow. Some examples of the same
‘ include side channel spillways. open channel flows wm{ permeable boundaries, flow into

gutteré, flow past noor outlets and branch channels. The flow of water from side channel o

splllways neglecting the frictlonal resistance was first studied by Hinds(20). Later, the

'fnctxon loss was accounted by the addition of a friction factor by Favre(1 3). Camp(7) studled

the case of rectangular channels with uniform lateral inflow by using the Weisbach's resistance

coefficients for avaluating friction losses. The case of steady flow In & trapezoidal’ channel R

with uniform lateral inflow was lnvestugated by Li(27) using a constant Chezy reslstance

coefficlent. In particular, studies on flows with decreasing discharge were conducted by

Engels (12) and Coleman(8). An analytical study gs\s.uming a%ear'proﬁle glong the spilway




. ‘ ‘ ~ I
crest was made by Forschheimer (14). De Marchi(10) ebtained theoretically the
flow nrof le along the splilway crest assuming the energy head along the spiliway crest fo be
essentially constant. Other theoret:cal and expenmental investigabons include the studies of
Gentillmn(t?) Nimmo(39), Noseda(40), Schmidt(58), Mustkow(sa 34), Ackers(t) Allen(2),
Colllnge(g) Frazer(15) and Smlth(tt) In the above Studies. both momentum and energy

principles we‘used However, studues resortmg to the enerQy approach overlooked the

energy exchange due to the lateral flow. Recently Yen and Wenzel (69) pointed out the above ' .
factor and have proposed general dynami equations for the steady spatially varied flow
WObbms. : - ¢ ' ' -

+ X

"~ The present study Is related to the development of anndnalyticai‘;proc'eduré for

determining thepefformance of diverging lateral flows in open channels such as branch

' channel manifold systems (Fig. 23), batteries of side weirs or systems of floor outlets. To

this end, the momentum prinmple was made use of in obtaining the equatnons governing the
flow. To account for the uncertaimty in evaluating the axial momentum transported across
. the Ie}ggt openings, & pressu‘re recovery factor was introduced into the governing equations.
Further, a limited number of expefiments were conducted to estimate the pressure recovery
. B - factor for the particular case of a discrete open channel branch set at right angles to a main .
4 channel, o | .
‘ 4.3 THEORETICAL CONSIDERATIONS
5 o .
4.3.1 FLOWMODEL FOR A SINGLE BRANCH . : D

Consider the flow system for a single branch shown In Fig. 23 a. Let (q1.§i/1 \yq.84,) and
- ! N

-




(Qp.wa.y2.82.) reﬁre;ent the dl,sch'arga. velocity, depth of flow 'andAt;h'e ‘area of flow at ;
* sections 1 and 2 respectively. Let a3 bo the lateral area of flow at the entrance to the

branch. The'dotted fines in Fig. Zaa\ﬂeﬂq'e'a control volume whereih the fluid is transported a
© across the areas ay, 8, and a3 Let wy and w,, represent the flow valocmes In the axial .

tfrecnon X and the normal dlrecnon Y respectiveiy The fiow in me maln channel along the
lateral may dacelerate or accelerate gua to the gradual removal of the fluid thmugh the lateral

L!

area a3 depending on the flow being suberilcal of supercritical.

. - . ' s *) ‘ . ‘ .
The momentum balance in the axiat direction for the co:t%?m‘»shown in

- Fig. 23a is given by,

Ipyday - Ippday = Ipwpwp dap - fpwiwy day +

' . Jpwywydag (4.1)

In Eq. 4.1, da,dapand day are the elemental areas on the flow areas a4, a

. and a4 respectively. py and pzare' the pressure‘ intensities on daq and day respectively. _ A . = |

- }
—~—

o

Earfier investigators dealing with branching of flow In conduits (3) have shown that the
assumption that the fluid does not loose any of its axial momentum on le‘aving thé control

 volume is not well founded dus to the tuming of the flow and we can expact w, not to’ be
equal to wy. To account for uncertainity in the axial momentum transported across aj, &

ptessure recovery cosfficient R, is Introducad in evaluating the last tntegral of Eq. 4 1. Now,

: Eq41cznbosamplnﬁedasshomh Eq42

e




Poz-Por = PQy Wy - qu“;Z‘ Ropqéwi" | (4.2)

4 1
'

Whete, P,,, and Pg, are the pressure forces acting on sections 1 and 2 ;'espedively.

 The value of R for closed conditfows. has been estinaled by Bajura (3)..The valus of "
R for spanally varled divergmg lateral ﬂows in open channels can be esnmated usnng"

Eq.42. A slmphfied procedure for the experlmantal determination of R tna discre_te:,

branch channel junction and the results of the experiment for the partilcular case of .

{

subcritical flows in the main channel are presented in section 4. 4,

4.3.2 MODEL FOR SPATIALLY VARIED DNEFGIP\G LATERAL FLOW SYSTEMS

Consider the case of. a steady, gradually decreasing flow in an open channel wuth )

uniform cross-secuonand asiope Sy with me horizontal (Fig. 24) Let q be the dlscharge.

L4

W the average velocity in the dlrecbon of the meln flow,y the flow depth, a the flow

area, and w, and wy the local now velocites In X and Y directions respectively -

When the number of branches in a flow distribution system Is large, tis easler to
analyse the flow system by means of a set of continuous equations. if the lateral area‘consists

~ ofa series of outlets of each width t and the number of outlets is ny then an area ratio

¥

tactor Ao may be defined such that, . S
- no t . . D
2 , A = . 4.3
’d N i “ Lo . .
: \ ‘

. M v,

a 4
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' _Ffbm Fig. 24, the g'ovpming equation for the axial momentum may be writlén as, - - . "w
d(Kay) _ 1 (1)d(awq)‘ (1)'a

7 e - = - - (ww,y) .

- 1,%+'Soa, ot g o Arg(W wy

f
i

R R

- -

“

. ‘where, _ . S o ..

'
oy,

- K = pressure correciion factor = | (p da)/ {ya\y Cos(®)} . | ,: 45)

»

B ."momenwmoorrectlonfa‘f:toi- l']pwidé [{pa‘#}'l . “s . 7
w = aversgovelocity & fwgda - oo @D w

o ' \ , - oo T
z : . S, =Sine C 3 S ARy

Pg = wetted perimeter- . BT .

~ + = boundary sheary stress f
Ih Egs. 4.5 o 4.7, p denotes the logal pressure intansity on the elemental h(éa‘ da ‘
A . M (“' N ’ i ‘}1 N - . N “:.',
3 , ;

From continuity, R A T s

W= - — (—) - : (4.9)

, R . . . | ~... ’ —. . ‘r"‘ f Y, 0
“ .. . . . . ' A}. . ) -
The normal cotnponent of the lateral flow wy(Fig. 2b) may pende.brmlnedbymeans of .

\

a converitional relation such as Eq. 4:10. . - /

\ m

-

Wy = CL ¢ y - ‘ R ’ §4.10)

N .
e . )
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"“ {“;Illil Iii’".:\ CL o
” ) -
In E°q 410, C_ represents a lateral discharge ooefficient andi can be generally
_( determlned *depandlng on the flow conditions and the outlet geometry. Expetimental
.observations have shown Eq 4.10 o be falrly valid" when the la{aral outﬂow is not excessive ‘
(69). Howaver, wt)en the lateral flow Is considerable the relationships developed earlier in
chapters II and Ill for ﬁoor ouﬂets and branch channel Junctions should be used In
e evaluaﬂng the discharge coefficient CL S ‘ ' S
T ' , - .
N ‘From Eqs. 4.9.and 4.10, we have '
-~ ’ ‘ o
';, 5 s . ) - p . v
5 ' 1 2 . A
, P e (?;) ¢ C @)
: . 2 2
' ‘. . , . ATO CL g "'
] s - . ) ° " ' " - )
N s : ,_Ditf‘erentiating‘Eq.,ﬁ with respect to x and simplifying we get
. . A ' . ' v ‘\ t‘ ' . \ A ‘ ( ) \ ~ . Al :
L ‘ o2 () ‘ -
_ o/ \ax) . | . (4.12)
i ‘é‘ ‘ e —-t - . ’
S | & 39CL Ay’ '
_ ‘ .'Letmeﬂowareaabedeﬁnedsum that .

a=by ' R (4.43)

where, the valye of the width b depends on the geometry of the flow channel. Forthe
. @réseﬁi study, b i assumed to remaln constant.

’

. Substituting Eqs 4.910 4.13 In Eq. 46 and simpllying we have,

.
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. dx? dx '
- 3"‘?0 CL ‘PeY _9SY'fda . o (4.14)
, 4K bp dx oL

v
<

Eq 4.14 Iorms the requlred governing equation for the case of steady spatially varied

decreasihg flow in an open channel.

) o . . .
. [ .

Using the non-dimensionalised values of discharge aﬁd distance such that q*(x")=

q(:i")/q(O) and x"= XL, for the case of'steady. spatially varled decreasing flow in a V

frictionless horizontal channel, Eq. 4.14 with usual notations reduces to

;

ln”Eq. 4.1 5. the value of the pressure recovery coefficient R, will have to be evaluated

~

experimentally. Although some investigators have estimated the value of Ry, in closed conduit

flows, no such raborts have been made praviously to eslimate the value of R, for open

channels. In the présent investigation, a slmplified model for evajuating éo for a particular

case of the division of flow in a branch channel I§ proposed and the ex;.;erlmqntal results are

presented.

S

ol g?. 2k (bY -"]- 3 '(1..5¢j fg'F= 0 - (415
a ,[q ac’LA¥o(L) ) ~ 2 () e




4.4 EXPERMENTAL DETERMINATION OF R IN A BRANCH CHANNEL JUNCTION
The flow conﬁguaﬂo/r'ts for a single rectangular branch of width b. éet in the side of a

horizontal, rectangular main channel of the same width is shown In Fig.3a. Let the discharge, |

velocity and the depth-of ﬂow at sections 1\!%1\:! 3 be denoted by (Q1.Wq, Y1), (G2 . Wo,

yo) and (q 3:Wa.y3) respectively. Let w, and Wy denote the velocity components of the

fiow In X and Y directions (esﬁecﬁveiy. Section (3) in Fig. 3a is chosen just beyond the point .
of reanachment ~m the jet anierlng branch. Here the ﬂow may be considered to be

appmxlmately unlform. The location of secﬁon (3)isa function of the oondltions of flow in the

main ehannel and the branch andlis datermlnad experimentally. Pop and Pp are the pressure

" forcas acting on the branch channel walls CD and AB respectively(50).

'Iha mémebtum balance in the X diraction for the control volume shown in Fig. 25a yiekds

.3

pagwsRy = Pcp = Pag . o . (418)
or, “
- ‘cn = Pas . o o
Ro -';f)____- R (447)

Pa3 Wy

. "An estimate of Ry can aiso be indepéndenﬂy obtained by considering the momentum balance

. . i o
‘in the axial direction of the main channel (Fig. 25b) and neglecting friction as shown in Eq.4.18.

.
.
'f
!
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' Lo , 2 g
P2(papwa) ~Bi(paywy) + Ropqgwy = K1b1_y2.1 - K2b7!22

SR O ...(418)
or

. -vs.l‘-‘.-“ L ‘
bg(Kiyj ~Kay3) -+ 2(Byaywy=-BadaWa) = -

1

S2agw o

.. (4.19)

A}

in Eqs 4.18 and 4.19, (K{,~p1) and (Ko ,Bp) refer to lhle prassure correction

factor(Eq. 4.5) and the momentum correction factor (Eq. 4.6) atsections 1 and 2 respectively.

Experiments were conducted 1o evaluate the valus of Re and the results are presented for

a particular case when the ratio of the»maln&mnne_l width to the branch éhanpgl width is
equal W one.' ‘ -

3

<
-
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4.5 EXPERMENTALSET-P: OPEN CHANNEL SYSTEMS
The rei:tangular’ channels usey in the te§gs were horizontal and made of polished stainless
~ steel. The main and branch channe were 25.4 cm wide and 43.2cm deep. The branch channel
" was positioned at right angles tothe gin chann. andmeadgesatmelupcﬁqn were sharp. The
discharge from the channels were n\aasdred with the help of standard’ V-nptchés. The
péint gages usec; to measure the water levels in the chanriel and the V~notch tanks could be
read to the nearest 0.1 mm For sach test run floor pressuras and the centre Ime surface
- prof'les were recorded. The branch chahnel walls were dlvidecﬂnto grids for purposes of
" measuring the wall pres%ure and the pressures ware recorded by means of plezometers

capable ot reading to the r\:earest mm. Detailed traverses were made in the main and the

screw driver static probe was used to eliminate the effects from curvilinear flows. To reduce
large scale turbulence and en&\ure smooth flow, ba}lfe systems were provided in the main

channel (Fig.26). - B ‘ ‘
- TN

~ branch channel for recording velocity and pressure measurement using standard pitot tubes. A

42
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. 4.6 DISCUSSONOFRESULTS: -

.Eq.4.15 I3 a sacond order non-linear c;lf!erertual equatldn'.and can be easily solved

using numericai techniques or by series.approxlmaﬁons.' Although, the choics of the
boundary conditions for the flow distribution appears to depend onlymon the geometry o_f the
lateral flow system, a‘l.(nowledge of the behaviour of the flow in the main channel is
exu:emaly essential In selacﬁn& proper boundary conditions.

¥

e

Experlmantal invesﬂqations in the present study to estlmate the pressure recovery

factor Ro were limited wsubcrlt!cal flows in the main channel Figs 27bto 27d indicate .

the typical velocity distribution at various sections in the maln channel. The velocity
dlstribuﬂon is fairly uniform in the main channel approach (secﬂon&lg 27a) , and at the
entrance to the lateral area (saction 1) the flow ls beginning to tun and the regions of flow
with higher velocity have started to shift towards\ the lateral. This concentration. of high
velocity regions along the Iatéral opening may be expected to contribute further to the
uncertainity associated with the axial momentum transfer across the lateral. At the end
hof the lateral opening (section 2) the ﬂov} in the main channel is expanding and one
can observo the formation of a region of separaﬂon along the main channel wall. The
static pressure distribution along the branch channel walls CD and AB for a typical
case is shown in Figs 28a and 28b. Al the entrance to the branch the jet is contracting
" and the pressure on the downsteam wall of the branch channel Is very much
greater than the pressure on the upstream wall. As the lateral jet continues to
accelerate and reaches a section of maximum contraction, the pressure on the downstream
wall of the branch continues o’ -decrease - accordingly . - Beyond this section of
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minimum contraction the lateral jet begins to expand and ﬂllé the entire width of the prénch

g

channel. Past this section, the flow becomes relatively uniform and the static pressures
become nearly equal on either side of the branch. This section where the flow becomes uniform .
_in the branch was determined for each experiment from the pressure readings and the net

force on the branch channel was computed by integrating the pressure readings. \An estimate

of the pressure recovery factor R, was then obtained using Eq 4.17.

For few of the experiments, R, was also independently evaluated based on velocity and

- f:rqssure traverses in the main flow and using Eq, 4.19. The ;Ialues ot R, obtained trom Eq.

|
1
* 417 and Eq. 4.19 were in fair agreement for each of the cases tested. t ‘ “

' Fig. 29 shows the pressure recovery factor R, plotted as a function of the discharge ‘

ratio q3/qq to@liberitical approach flows in the main channel. Reliable data could not be

“«

obtained in the range q4/qq < 0.3 dueto the formation of cross waves in the main channel
. " R .

along the lateral outlet. Fig. 29 indicates that for the limited range of variables tested the

pressure recovery factor R, remains fairly consgant over a wide range of the discharge ratio .

This also compares qualitatively with‘the behavlour of the pressure recovery factor reported

for closed conduit flows (3).
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CHARTER V
n ‘ @ﬁ
DISCHARGE CHARACTERISTICS OF MULTIPORT DIFFUSERS WITH

UNIFORM LATERAL MOMENTUM DISTRIBUTION
- .‘ ¢r

5.2 GEN'ERAL REMARKS . - . x
‘ ‘This chapter deéls with the internal hydraulics of mu_ltipo_rt diffusers with uniform *
lateyal momentum distribution. An analytical model for a multiport ditfuser.system consisting . ' |
of lateral ouilets housed in a closed conduit Is pr'opo;ed. Experiments were conducted to '

* validate the proposed model and the rasults are presented. o

L]

5.2 INTRODUCTION
" Multiport diffusers are generally used for effective dispersion of fluids in a body of
. water' (5,16 ). The applications are found in systems used for mixing chemicals and in"the
diéposal of large ‘quantities of industrial effluents. The multiport sttem { Fig. ‘30 )} normally '
. consists of & main duct carrying the efﬂ'qent and discharginb it as small jets through a‘s"_eries
of lateral outlets [nto a main body of water. A number of studies related to the internal

hydraulics of multiport dlfﬂisers have been mada in the past 29,51,64,67 }

: ‘ One of the effective methods of effluent dilutloﬁ Is to discharge the effluent as a

counterjet opposing the main flow.[ 52 ]. For such systems, the frequency of jet oscillation ’
: - and he;mce the scale of turbulent mixing are determined by’the main figw velocity U and the
. kinematic momentum of the jet J. The mixing length scale characteristic of such system is

' given by the parameter J/U2- Even for two dimensional and axi-symmetric ]etsfwhlé:h are

freqdentiy encountered in fluid transport, the width of the jet and hence the scale of mixing are




C . -
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determined By the momeantum of the. jet [ 57 ]. However, when the” pmperature ‘ : %
duﬂereh%e between the jet and the body of water Is consldarable as in the dnsposal of cooling
water, the eﬂect of the difference In densities must be oonsidered

/

The present stddy is limited to the imernal‘ ‘hydraulics of diffusers used in distribution

systems whera momentum considerations are important. To ensd're a uniform scale of mixing

along the span of the dmuser dtis lmportant to maintain .a uniform lateral momentum
distribution. In the past studies have been mainly oonfned to the analysis of manifolds which
ensure uniform lateral discharge distribution [ 4, 5]. For pipes of constant area, it shou!d be
; notea thét'uniform lateral discharge criteria implies uniform lateral momentum distribution ' —

onty‘when thie lateral area distribution is uniform. This note deals with the internal hydraulics

of a multiport diffuser of constant cross-sectional area, which ensures uniform lateral

momentum distribution along the span of the main pipe. Experiments were conducted to verify
the proposed mode!. \ ' \

5.3 THEORETICALANALYSIS ’
| 5.3.1 FLOWMODEL FOR A POROUS MANIFOLD

When the number of bran its in a manifold flow system is large, it Is easier to '

. consider the flow distributioq system as a porous conduit and analyse its performance by

means of a set of equations governing the flow.

" Fig.30 shows a systemof n laterals of length 1, diameter d, and sbacir?g 5, connected

to a manifold of length L., diameter D, and area of cross-section Ap,. Let QP andVdenote - . -

*»

L]
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[especnvely the discharge, the averaga pressure andthe average velocity in the contml _ ‘ ]

volumenskown by dotted Iines in Fig. 30 The flow velocities Jn the X and Y directnons are

represented by V, and V respecﬁvely

» . L - . - )
The porosity A ar}d the area ratio R, of the mmd canbe defined as, - ~_ .
[ g | SR
; | Ao x )
. xDp, e S .
» X / a“, . i
3 g'ﬂ‘. R N ) 7
| ng? Y
2 s . Bk
& ¢ A w — 52! s
r .. ’ . . 2 o
! , “\ “ V—. . Dm ;_;,’
/Ah\ 4 . ' . i i’ﬁ . " .
ol e ‘whére. a,‘is the Iater rea per unit Iength Further, the ?oroslty A s varled to,prj;re . . ; <
- = constant later%l momentum along the span of the manifold.
)
o € . ! ' \
. ’ hd - v L ’ . ' ’ " . s . . ) '
T e . For the ﬂowytem ilidstrated in Fig. 30, the following equations governing the flow S R
- - e . « / s . N P K ) ) ?;_,
e are valid. o . . .
oo i) . Momentum balance in the direction of main flow: , *
| . -‘. | : ‘ ﬁ ,
/ " ' 7
c1.dp V2@V y  %Dm |
- e — —+— + N — 4+ RVV2 40
. p dx }2Dp dx N A
! . e (53)
ey ' .,“ v v K ,v ’ .
i . 3 ' .
k‘b ‘ ' ) . ‘zﬂ' - .: 7
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,.-S In Eq. 5.3, the second term aooour'\tg for the friction loss‘ohaconﬁnuqusbasisa‘.lona the .. -
'm(‘a'nilold. The coefficient of friction of the manifold, the kinematic viscosity and the fluid
density are denoted by f,v,and p respectively. Further, a static presﬁure }egain :
coeﬁ‘cuent Rin Eq 5 3 accounts for the uncertainly in the estimatg of the axial momentum
transported across the laterals (3). Based on earlier studies (29,70 ), the valueof R = :
- has been evaluated as a function of d/O, and the spacing between the laterals S, by i
- A ‘ , . !
Bajura (3). : J
T "H) - Constant lateral momentum:
) plqu Vy = constant = C T (5.4) | ]
NN . * /l
- iiiy  Continuity: - . * ' - -
¢ | Q V (xD s |
’ A = Vy@sOm) = - . (55 =
‘ i
/ . , i
‘ iv)  Lateral outflow: ¢
AY }f -
L Sy .
£ . (5.6)
j . .
| - :
N
YL
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5.3.2. GOVERNING EQUATIONS FOR HYDRAULICALLY ROUGH PIPES
¢ ' K ' I / "
Using Egs. 5.2 to 5.6 and non-dimensionalising the main varlables such that X =xL .
Q= Q(x')/ Q(0), the following governing equation can be obtained with the usual notations.
. 9 q
Q™+ Ty (QR(Q"P + T 0" (@) = 0 )
> where, .
Ty o= - () . & (5.8).
o " Dp 2 :
, 2 .2 ‘ '
Ty = =-(2-R) Cy M" - | - N (5.9)
L , . _ ‘*‘ , .
: " Momentum at the manifold inlet p Q(0) V(0)
, ‘M = : = (5.10)
S Total lateral momentum Clp "

. , /
Eq.5.sa second order non-linear ditferential equation and can easily be solved by

numerical techniques. The boupdary condiltions for a manifold with the downstream end closed

* may be formulated as follows:

Ny

(5.11)
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*  From Egs."'5.5,5.6 and 5.10, the pressure haad P (x )y in.the manifold is given by, .
. the relationship in Eq. 5.12.., : S
% "‘ﬁ {
PX)-pa ’ .
‘ Y 1 ; C
- 5. 12)
Vo) m’ch(al
-~ Tg ) .
where, IR _ * ) ) -
' ’ Yoe ) , e
. ] do* LR O
, : Q = - o (513
4 N I dx'
A
Further, from Eqs. 5.4, 5.5 and-5.10 the lateral-grea distribution Is given as,
i ‘ : i -
oo . | Am -
; ! C . gl = M (——) (Q) (5. 14)
o .
\ ;
\ , 4
; The non-dimensional lateral area a,' may then be written as,
} ) 1)
’ ag(x’)
8 = . - (5.15)
a0 '
« ) ‘

Solutions in the form of design charts for the variation of QL'f and a,' with M for two typical

values of f are shown in Figs. 31b and 32b.




5.3.3 GOVERNING EQUATIONS FOR SMOOTH PIPES

" An estimate of the coefficient of friction  in the manifold may be obtained by

‘number . Re ( = V[x") D,'n/ v) < 10° andvby an approximate re'lationship of the form

given in Eq. 5.17 for 10° < Re £ 108 . ‘ -

v (X'.)‘ Dm -0.25 . ' ‘ ' '
f = 03164 k .. (5.16)
“ v(xt) D - 0% L [ . '
f = 016 ] o - 5i17)
L 2 . '
. 1 ! K
. ®

-1 Eq. 5. 17 was oblained by 'ﬁttihg. ’al polynomial to the lmpli’:lt relationship between fand R
for smooth pipes ( Eq. 5. 18) In the range 10° < Ry 10°

7

— = 2 log ReVT - 08 ¥ ‘ 7 (5.18)
{
Using Eqs 521t05. 6. 5.16 and 5. 17 and nonoqlmenslonallslng the maln varlables as before.

the following goveming equation may be obtained

[

51

uéing the Blasius relationship for turbulent flows given by Eq. 5.16 for the Reyno‘ldsv
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an + “ T3 (Q-)d (QQI)3 + T2 Qa (Qm)‘ - 0 ) (!J 9)
Y ’
- : B
where, for 1p5< Re (0)41()6 ’
: ) o A
A\ .;'
008 M'C} . .
‘ Ty = = (_‘;m_) ;o o= 181 .(5.20)
. : o O / ' | L
[Re(0)]
‘ L ) j , - . ' . +
.andforRé(0)<105 P o - s .
/ ) i | | -
| 0.158 M'C} “ . .
Ty = - Ln) " ; o = 175 .(5.21) ‘
C : Dp , s .
’ _ 025 ‘.,
) [Re(0)] ,
'Here, > :;
\\ A . . } V(O) .dm , ’ - 1
' oL " Re(0) = -————— = inlet Reynokis number. (5.22)% "7 b
P . L Lo
A typical séluﬁg; of Eq. 5.19 with the given boundary conditions ( EQ. 5. 11) for the variation
' 1 <o - » - ’ *
44 of Q ,Q -and a, with specific values of M are shown In Fig. 33b. s,gince the Reynolds
| ~ number Rg of the main flow Is continuously decreasing in the direction of flow, the
f . ) |
] L R :
| ¢ ) " @ .
3,
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solution procedqre consists of two segments. For the first segfnent of the ditfuser where
105 < Ry ¢ 108, Eq. 5. 19 is solved.with coefficients given in Eq. '5.20. When the

Reyriolds number in the pipe reaches 108 . the solution procedure is continued for the éeo‘ond
segment of the diffuser using Eq. 5. 19 with coefficients given in Eq. 5. 21. The relationships
shown in Figs. 33a and 33b were used in the design of the experimental manifold for

verification of Eq. 5.19.

5.3.4 THE DISCHARGE COEFFICIENT FOR THE LATERALS:

The discharge coefficient C for a single lateral of length 1 and area a, attached to

_ manifold (inset, Fig. 34 } may be defined as shown in-Eq. (5.23 ).

4

) C Q, o - .
‘ Cq = ( . -7 (5.23)

[

Y

where, Q, is the discharge through the iateral, a, is area of the lateral and By Is the

average pressute head across the upstream face of the latera'rd v Is the specific weight of
the fluid.

Experiments were conducted to evaluate the value of C4 as a function of the parameters

afAg ., iy ar_!dn(Ed.S.24). " L,

)

(5. 24)
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5.4 EXPERMENTAL SET-UP: MULTIPORT DIFFUSERS - o L~
The main maniold consisted of a 2" diameter PVC ( poly vinyl chioride ) pipe. - A
machined PVC block wes glued to this pipe as shown in Fig. 35. Lateral holes 14.3 mm in
diameter were drrlled through the PVC block. Sufficient kare was exerclsed to clean the inslde

of the main pipe and the laterals to remove all burrs. -Constant values of 0.92 for the pressure : S

recovery factor . [ 3 ] and 0.73 for the discharge coefficlent Cq ( secﬁor\ 5. 3.4) were

adopted Jin the design of the experimental manifold. The continuous lateral area distribution . (

( Fig. 33b ) was discretised into equal areas and the laterals were placaed in the centres of

these areas. Different area ratios A, and momentum ratios M were obtained by closing the

upstream laterals by means of plugs machined to fit the inside of the mair pipe.

" 'The discharge measurements from each of the laterals were made by gravimetric
measurments To this end, a previousry calibrated precision scale was used to weigh the: . -~ - e
water %Ilected lor a period of 100 seconds or more. The. total discharge from all the laterals |
was measured by means ol venturimeters made to ASME spetmcatlons. The dlfference
between the sum of the lndivldual disd'rarges and the btal discharge measured lndepen&nﬂy ‘ [

. was usually within +3% of the total discharge. .
- o : ‘ ] . o

The pressure measurements in the main manifold were mad_e by means of a series of

r:ressuremebcateqmme main pipe. The pressure head was recorded t the nearest mm
; * /73on awater manometer board.

N s
1 M .
t . [ N
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5.5.1 DISCHARGE COEFFIGEENT FORA§NGE LQTEP;L

The functional dependence of Cq4 on ~the:‘ ;;a{qmeters 8 /A, t/d,, and n is
* shownin Eig. 34 . ’When'v t-/_dt ' lsvery sm’a;ll. t;’t‘e jet will not reattach to tﬁe 'wallé of the
lateral gnq‘t‘he 'effpcﬁve hedd caqsir;;: tﬁ‘e fﬁw decreases resultlng' In Iov_ver vélue‘s ofCy4. Also,

AN

- when v/d is very large, the Increased lateral reslstéﬁce. will reduce the value of .Cq - Hence, -

" whenthe lateral resistance Is not excessive, the ratios a /A, and1/d can be pro'perl;/ 'éhoseh 7

on the basis of experimental results to obtain a fairly constant and relatively high value of Cqy

- J

for the laterals over a large range of nz. The optimum value of . /d based on the present

experimental study was between 7 and 10. This is alsB in agreement with earlier . S

——

Investigations. In the design of the test manifold, the value of a /A used was 0.1. A '

constant value of 0.73 wés chosen for the discharge coefficient Cq of the laterals ( Fig. 34 ).

baséd on the work of Rawn et al {51], Vigander [67] has presented an empirical

relationst]!p givenin Eq.5.25
cd-o..ss-o.san2 ‘ (5.25)
\( Eq. 5. 25 is ‘shown as a curve Ain ,-‘ig. 34. It must be noted that this telfaﬁor;ship
: based on two dimensional theory is oniT valid for small dbcharges from small holes (a/A m<

-0, 015 ) and when thegvelocities upstream and downstteam of the lateral are approxlmately

equal. As such, the comparison of the:present experimental data for sharp edged orifices.
with the data of Rawn et al should be only considered as qualitative

\




ot

The results of Vigander et al (67] for orifices in the side of corrugated pipes are shown

as curve B in Fig. 8. The agreement between curve B and the present data is seen to be fairly -

Fl

- good. .

y

k]

For sharp edged orifices (1/d-O ), from the present study, the following polynomial

.

may be used to approximate G as a function of n2

3

Cy=0.61-0.4(n2) +0.8(n2)2-{n2)3 ‘ (5. 26)

5.5.2 LATERAL DISCHARGE AND LATERAL MOMENTUM

For specific values of f = 0.025 and 0.05, the variation of Q. (0) with momentum

satio is shown in Figs. 31a and 323 respecﬁvely The varianon of the normalised values of

the main discharge, the lateral dsscharge andme lateral area with the momentum ratio for f =

0.025 Is shown in Fig. 31b. The varlation of the lateral discharge and the lateral area with )

the momentum ratio for f=0. 05 is shown in Fig. 32b. The variation In the lateral area and
the lateral discharna is observed to be considerably larger near the manifold inlet and is

nearly uniform towards the end of the manifoid. This is due to lhe oompensating nature of the

-stati¢ pressure gain caused by the decaleration of the flow and the slati\g:yaﬁure loss due to
friction |n the header pipe. Itis seen from the Figures 31b and 32b thatas M approaches *

* zero, the lateral discharge distribution is nearly uniform and approaches the so called

reservolr condition in the méin pipe. For such a condition, the lateral area distribution will

$
also be nearly uniform -AsM increases. the lateral area distribution will no longer be unlform ‘

and the lateral dnschatga will vary ln accordance with the constant lateral momentum |

requnrement

56
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For hydraulically smooth pipes, for an inlet Reyrolds number Re(0) of 105, the variation
of QL'(O) with M is shown in Fig. 33a and the variatlo\n of Q, QL" and a,' with specific

values of M is éhown in Fig. 335 The test manifold was designed for a momentum ratio of

1.45. This value of M corresponds to the maximum value of M obtained in the laboratory
o W =

during preliminary tests.: i

-

Fig. 36 shows the variation of pressure and the discharge coefficient Cq along the E -
1 .

, diffuser. The experimental pressure distribution Is seen 1o agree fairly well with the

theoretical model. The value of 0. 73 used for Cd in designing the expenmental manifold Is also

seen to be appropriate

Figs. 37,38, and 39 show the lateral discharqe'and momentum variation along the span’
_of the diffuser for.;iifferént values of M and A,. The experimental results agree fémy well
with the theoretical pre@éﬁon for the 3 models tested. When the outlet spacing is very closs,
.it‘ may be expected to have an effect on the values of Cd\and thé pressure reoovéry factor R.

This may account for the slight scatter in the data near the manifold inlet. Further the fiow in
% - the header pipe is spatially varied and not fully developed. Hence, the solution utilisirfg the

\ traditional friction formulae based on fully developed flows may be expected to be only

- approximate. : \ L ]

5,5.3 DESIGN EXAMPLE [ Constant friction coefficient design - rough pipe ] : .
‘ A multiport diffuser is to be designed to handle a discharge of 18 cfs and the total head

available’is 3 ft. The friction ooeffclent for the commercial pipe is estimated.as 0. 025.
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1. Letthe didmeter of the main pi 18" and the length of the difuser Lbe 75 ft. such o
° . that . D/l = 0.02, Apy= 1. 767 B, V (0) = 10. 2 fUsec.
2. " The available pressure head at the entrance to the diffuser
) vz . ' . { . . .
P (o 0 . : . ;
PO L e o YO L o : | R
. Y o, ' . .2‘ ,1'/
" 3. LetGyfor the laterals be 0.73 ( Fig. 34) Substituting for C4, (0) and V (0) n Eq.
5.12 and simplifying we have /
' . S MQ" (0)=1.48 :
! From -Fig.31a, M=1.2 and’ QL"(O)- 1. 22 satisfy fhls requlrgmem. Choose
M«=1.2 curve in Fig. 31b for lateral area«distribution. '
1 . 4. From Eq. 514, . . . - S
- 12 x 1.767 . |
: a(0) » —— 1222 = oo0a2 fi2/%
s . 75 ’ '
. 'v ) ", ) [ ' -
2 D12 % 1787 S
' ©oaf1) = - 0912 . = 0023 fi2/1t.
" . ' 75 -
) r' l‘.




‘The lateral area distribution along the diffuser is shown in Fig. 40. .

FETRY

LY

5. Total lateral area = 2. 12 t2 . Choose 11 Iateralr of diameter 6". a, /A, = area of

lataral /area of madin pipe = 0. 11. .

6.  Length of the lateral /dia of lateral = say 7 { Fig. 34 ). "tangth of lateral = 42 in,
, ' . Y

3 . " T - . ;
7. __Divlding the lateral area dlsgribu;lon into 11 equal paris and placing the laterals in the

centroid of these areas we have the location of the laterals givén in Table 2.

! / - -
(\’ R v R ~
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¢ 61  OONCLUSONS _ ' \
. L ‘ .
6.1.1 OPENCHAN\J&FLOWSPASTFLOOHOUTLETS
1. Based on the-two dimensional channel olitlet model, a functional relationshnp between »
[ the duscharge coeffcient Cqs, dnd the velocny parameter ng .8 perosed with
L/d4 asthe group parameter for the floor outlet discharge )
2. The experimental results from the previous studies and from the present investigation
agree ‘well.wiih the proposéd functional relationship in the ,rahge 0<L/dyg1
: A .
v
6.1.2 " DVIDING FLOWS N OPEN CHANNEL BRANGHES
: (1) Based ori‘ the two dimensional conduit model fitted with a barrier , a functional
’ - relation‘ship, between the disc ‘ratio Q3/Qq ., the width ratio L/B and the ] g
Froude numbers Fy and Fy is '
(2) The theoretical rélallonshiﬁs obtained from the present model for the flow in )
. : short branch channeld®s in good agreement with the experimental data.
(3) The paraméte}s like the discharge ratio Q3/Qq, L/B ratio, and the upstream and the
d%wnstream Froude numbers in the main channgl. required in the design of branch -
, channels are 6btained directly. However, from practical considerations, the
Y ' . [} ‘ o .
application of the model should be limited for cases in which L/B < 1, F2<0.7, and
‘ ' ‘ A [ N AN
! - ' Fb> 0.35.
' '
L
- / ‘
LN 4 % ’




(4) ' For given values of L/ B, as the'disch‘arge ratio Qg /Qq tends to unity, the
appreach Froude number Fq reaches a lowar limit.

(5) For subcritical tlows. the correlation of the discharge ratro Q3/Q4 with the

" - L]

downstream Froude number Fo agrees very well with the experimental results and
is recommended for use in the design procedure for.values of L/B < 1, F5 < 0.7, '

and F, > 035. "

6.1.3  SPATIALLY VARIED DIVERGING OPEN CHANNEL FLOWS
. t (1) Generalist governing equations for spattatly varied divergtng'lateral flows in open
| channels using momentum principles and a pressure reco«:ery factor accountlng‘ .
for the uncertainitres in the axial momentum transferred due to the turning of the
lateral flow dre proposed | b
(2 | An experimental procedure to estimate the pressure recovery factor for eben
channel flows in a discreet branch channel is .given and prellminary experimental

results for L/B = 1 are presented.

! (3)  Overthe range of. Q3/Qq tested, the value of the pressure recovery factor R,

t

in open channel branches appears to be fairly constant.

e ot —

} 6.1.4  MULTIPORT DIFFUSERS WITH UNIFORM LATERAL MOMENTUM DISTRIBUTION
. 3
(0 A procedure for maintaining uniform lateral momentum distribution alorig the span of

' a multiport ditfuser fitted with a system of short laterals is prqposed.
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) 2 Based on numerical techniques, the solution of the governing equations in the form of

design chatts for both hydraulically rough as well as hydraulically smooth pipes are
presented. . , T
(3) . The exparimantgl results are also presénta'd to validate the suggested model.

4

6.2 ;1‘906@& FOR FURTHER STUDY
Gene@lised governing eqUations for spatially varied diverging lateral flows has
- ;néen proposed in chapter IV. The pressure recovery factor in ;)pen channet flows has
been experir?entélly determined for a particular case of an open channel branch with -
the width of the main channe! equal to the width of the Branch. Itis desirable'to study " *
the effects of the brani:_h to the main channel wldth'ratio on the pressure recovery

factor. Furiﬁer, estimation of the pressure recovery factors for floor outlets and side

weirs will be helpful in using the governing equations proposed here for specific

spatia’uly varied open channel flow systems.

The present model for the divison of flow in branch channels can be modifiedto - -
‘include case.s‘wl;eré the branchfchannel Is set at a gradient with the parent chann;I.

Aiso, the proposed model for divisign of flows In right angled branch chamnel junctions ~~~~~_ -

" can be extended fo include other angles of intersection etwesn th§ main and the \ |

branch chaﬁnels. For this purpose, e%is ing two dimensjonal model fc.)r flow past a

lateral outlet fitted w_ith a barrier inclined at an arbitrary angle to the main conduit

can be readily used. . - :

)
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Fig.31(a) Analytical relationship between Lateral discharge at
_inlet Q_*(0) and the momentum ratio M for f=0.025

( hydraulically rough pipes)
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Fig.31(b) Analytical variation'of the main discharge Q*, the
lateral discharge Q* and the lateral area a,"
as functions of the 'momentum ratio M for f =0.025
( hydraulically rough pipes)
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Fig.32(b) Analytical variation of the main discharge Q*, the
lateral discharge Q| * and the lateral area a;"

- asfunctions of the momentum ratio M for f=0.050,
( hydraulically rough pipes) -
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~ Table 1. Range of ny and-Ccforvarious values of L/8
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3
L Ce owteraflt | rancHoHNEL
'8 OUTLET MODEL MODEL '
i ] ’ ]
«
0.000 - 0.607 0.023 - 1.000 0.023 - 1.000
0.25 r . - ‘ :
0.607 : - 0.010 - 0.023
. 0.000 - 0.584 0.085 - 1.000 0.085 - 1.000
050 ' : ‘
.0.584 - ‘| -0.038 - 0.085
, R P
.0.000 - 0.525 * 0.276 - 1:000 0.276 - 1,000
1.00 : : — *
0525 ;. - 0.134-0.276 < |
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T TABLE 2,
- Lateral arsa distribution along the manifold .
v
]

ClderalNo. | 1| 2f 3| 4| 5| ) 7|89 || n

Distance . . ' ’ : N S '
xinft. } 23|-74}1129]18.8) 251 ) 31.9):39.1 | 465 | 54.3 ) 62.3) 704
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APPENDIX IV* EXPERIMENTAL EVALATION OF Ry - COMPARISON BETWEEN
THE TWO SUGGESTED METHODS

* [y

i
sh .

Data: Run No. 1(pa'ge,147")"

qq.= 1.234'cls(0.0349 m¥sec) , gy = 0.660 cfs {0.0187 m3/sec)
yy = 0.4504(0.137m); yp = 0.552 1t (0.168 m), b = 0.833 ft {0.254 m)
Pop = 13.296 bs (5.99Kg) , ‘Pag = 10182 Ibs (4587Kg)

P =103, By = 124, K4 = Ky = 1

A3 v
~

i\ .
From the above.data, one can get

s . N . “~

Qg = Gy ~ G3 = 1.234- 0.660 = 0.574£fs (0.0163 m¥sec) -
G3/qy = 0.5741/1.234 = 0.465 : o s o
wy = Gy/a; = 1.234/(0.450 x 10/12) = 3.29 fuisec ( 1.003 m/sec) .

Wy = Qo/ap = 0.660/(0.552x10/12) = 1.435 fYsec (0.437 misec) . .

v o o S
a Pcp - Pas 13.296 - 10,182 . ),-\‘ -
’ RO - — = ) : - 0.833
paQg Vj . "1,98 x 0.574 x 3.29 '

IR e, e,
R Py
N .
]



 Estimalo of B sing Eq. 4,19: + 4
‘
N bg(y2- yR ) + 2(Bgagwy - wp) .

g(y1“= ¥ ) + 2(Bgagwy -~ B2 G Wp') °
R, - ) .
. . 243wy o T
' 0.833 x 32.2 (0.45- 0.5522) + 2(1.03 X 1.234 x 3.2 - 1.24 x1.435) S
o 2X0574%329 s R
. .
= 0.867
7 ' L e i
n’ . Q‘
L4 ‘
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APPENDIX V : SPECIMEN COMPUTATIONS
Run No. 5 - (Page 134)

“Data: . Qg = 0.747cls (0.02m/sec) , Cip. = 0.689 cfs (0.0195 m3/sec)

.Uy = 4.6 ft/sec(1.4 m/sec), dy= 0.187 t(0.057 m), L = 0.25 in(0.00635 m)

" From the above data,one can get
" Qp=Qp -Qp = 0717 -0689 = 0.028 cfs (0.000793 m¥/sec)

dy = 0.284 1(0.0866m) , L/d, = 00734 | L/dy= 0.11

o - . ‘ -

From Eq. 2. 12,

K = 1.01 - 0.35(0.0734) - 0.95 (2.0734)2 + 0.9 (0.0734}3

4
‘- 098 . - . o
E - Kd, +U12/2g‘ - | - ,

- oé%x01a7 + 4.6/(2x322) - 0514 ft (0.1567 m) -

o

LGy _ oozé, _ .
Cgt = ——— .= 028

% BLY2gE 025
o o x322x0514
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Lox aett i At oe

Ty
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1 1
nf? = - — "
. 2K 2x0.98
1 1+ —
‘ . 1.875¢
et L/dy =02 and nm@ = 08
From 'E.q. 2.7,
Cy = -0.538+ 0254 (0.2) = -0.4872
Cp = 0.058+0.234(02) = 0.1048, g

Cy = -0.129 - 0.489 (0.2) = -0.2268

From Eg. 3.6 , R

Cgt = 0.611 - 0.4872 (0.6).+ 0.1048 (0.6)2 - 0.2268 (0.6)°

19

e n e e s




-

Analytical curve [Branch Channel program : Appendix vi-‘page 124]

x T

For Fy = 045 and L/B - 1.0

Cc = 052, Fp = 0.11 and Q3/Qq = 0.727.
\ ' o
E » 1 I ! Q I

Run No. 1 [Page143]

Q4 = 0.948 cfs(0.0268 m3/sec). Qo = 0.172cfs (0.00487 m3/sec)

B = 10in(0.254 m), hy = 0.571 ft (0.174 m), ho = 0.60 ft(0.183 m)

\

From the above data, one can get

Qg = Qp - Qp = 0.948-0.172 = 0.776 cls( 0.022 m®/siec )

' Qz/Qy = 0.776/0.948 = 0,819

. ©@/A) ¢ (0.948)/(0571 x 1012)
Fy = - - 0465
| Yaghy v 322 x 057
Qp/Ap) (0.172 )/ (0.60 x 10/12)
F2 = “i - \ - _Qm
' dghy ¥ 322'x 0600 -
. , i \
R , ' R

e

- 2
e et L

-

!




MULTIPORT. DIFFUSERS ;

Series 1 Run No. 1 [Page: 152) ST -

Lateral No. 1

s

Data: x = 0.0511 f1(0.0156m), s = 0.1074 f(0.0372 m) .

: Q,= 0.0151 cfs (0.0004276 m3/sec) , &, = 0,001726 12(0.01858 m?)

Q(0) = 0.42254 cfs( 0.012 m/sec) , May = 2.342 lobec?( 1.055 Kg/sec?)

T

-

From the above data, one can get / ' ’ -
- M. =pQ,(Q/8) = 1.98(0.0151)2/(0.001726) "= 0.261 Ib-ft/sec?
: . ( 0.036 Kg-m/sec?) > s

[y a

Q_ = Qs = 0.0151/0.1074 = 0.1405 cfs/it (0.013 m3/secim)

M = M /s = 0.2610/0.1074 = 2.4289 b/sac? (1.094 Kg/sec?)

-~

M./Mpy = 2.4289/2342 = 1,037 .
Q. Q /Q(0) 0.1405/ 0.42254
R ) ————— - - - S ————— | m
. Q@ . QO /Q(0) 0341




o . e
;
: vy
s PR
' . \ .
N , .
6 0
N o« . -
R
¢ »
f
-
¢ .
.
° il
. o
PN .
f
«
s
- .
R
—

vi -

APPENDIX

n! .
\d
- N
v ‘ N
* .
- @
o
£ . '
P .
v L)
‘ . £ .
. s N .
', .
v L
P AY .
‘
. . ! "
. .
e
. \ ,
,
. K =
' ..
.. .
. L ,
- s
.
.
P o
R . o . ‘
v A * .
’ * .
o .
. - ! ' o
[ " 1
o, i

COMPUTER PROGRAMS -

5
s
«
.
.
s
. .
B
.
. .
' N
.
o .
e
.

-
.
[ '
. [
i
N
o
o,
-
e
{
¢
‘Q
s .
e .
N .
' .
+ .
.
.
»"\
.
4




PR S . —

>
°
»

“

-




124

“
-

FROGRAM MCKCINFUR »OUTHFUT) L

THIS PROGKAM DETERMINES CONTRACTION CUEFFlLIENT EY MCKNOWN

METHUL AND CALCULATES THE BRANCH CHANNEL DISCHARGE RY CONDULI

MULIEL AND FURTHER COMPUTES INUWNSTREAM FROUDE NUMRLER FROM .

IHE UFSTREAM FROUDE NUMBER : -

ReAlLxy YUy ABK

% W » XCOLOS
3

ALIHS=ARI
F1l=3.,1415927
CC=0.01 ' ‘ .

; N . .
. t DO 10 1£1,10000 e
- vamxuc*auﬁ>/<1.~vv)
A1=(1,4 (URKVR) ) X2 /F1
TA2=(2,/FI) % (L, 4 (UVUXVUXVRKVR) )
AZ=URX (1, ~YVY) 5 -
B1=0,5¥ALOG((1++VR)/(1+~VR)) ‘ : !
2=YUXVR , ~ ' .
. B3=0.5%ALOG( (1, +B2) /(1 ,~B2))
RHS= (ALK ) - (A2XHE3) +A3 (
ERR=ANS ( ALHS-RHS) ' . . -
IFCEKRKJWLEO.01) GO TO 20 ‘ '
10, CC=CC+0,0001 .

20 - ETA=(CCXABR) /(1. -UV) L : .
LETAS=ETAXETA ' : ' o
ETAF=(3,0/ETAS)~1,0
F1S=2,0/ETAF L
"Fl=F1SX%0,5
FIK=1,04(2,0/F18)
FIRP=F1RX%X1,5
C1=0,19245009
QR=C1¥ABRXF 1S¥F 1KPXCC,
FFL=1,04(2.0/(F1%F1)) ‘ ' o
ANU=F 1¥F 1 JFF1%%1,5) ‘

Al=1,0-QR L
ARHS=ANU/AL <
 F2=0.01 : L - o
» 0 S0 I1=1,100000 , : .
: FF2=1,04(2,0/(F2%F2)) . - g
AALHS= (F2XF2) X (FE2%%1.5) ' o ,
AERR=AES (AALHS~ARHS) i o o
IF (AEKR.LE.0:05) GO TO &0 | - o ;
.90 F2=F240,0001 . T C .
" ) ) | , o .

60 FPRINI 10QsIsIly UU!VF\!QB[\QCCIFI!IQ!(N\

100" FORMATLEX v 2110y /F 14, kY] i - .

‘ SIar o : . -
END .
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