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ANALYSIS OF UNII"DIH PR!SSUIE mmmmn

Syed 1. Abma,* J. 5. Walker,** B, J. Begee, L. E. Bede, J. W. Haamet***

Manifolds are ussd for distributing and colhnnngﬂdidrnm '
and Hyuids. In the dividips fiow manifold, the Auid & raachys
the branch point frém the vpatream side.” Some fluid is loat
through the lateral and the remainder of the flow prooeeds
downstream at a dec fiow rats,” This resalts in increase
in pressure towards the downstream side. Frictional effects,
however, do caves a dacrense of pressure in the flow direction.
Therefore, the possibility exists for obtaining & uniform prossure
disrributed dividing #ow mmaifold by suitable adjustments of
flow parameters 50 that pressute rise due-to demlﬂﬁan is

5: ssure loss due to frictiom,

" INTRODUCTION

A mmfuld is defned as & channel where the ﬂmd r.nt:rs Joaves
through passagss, in the side walls due to action of a mﬂ‘arnnuai prnmre{sl.
Manifolds commonly used i in r.he flow distribution systems can ba.

_ into four categorical types, nam:i,)r dividing HBow, combining flow, parnllel
flow and reversa flow (2, B). : : : '

" The uaiform distribufion of pressura in 2 diwdtns flow manifold is
required for oven distribotion of fluid. Thae are only two mmportant
Factors which determine the distribution of flow from the dividing flow
manifold; these are inertis and friction {6). Inerfla corresponds to the
change in velocity head, In a dividing flow manifold, the maia fluid’ streag
is decelernted due to the loss of fuid through the laterals. Therefors, the
presiare Wilk rige i the direction of How if the effects of friction ar wthiall.
Frictional effects, howevit; do- cavso & decrcate of prmm'u m the flow
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direction. Therefore, the posslbilicy exists for obtaining a uniform pressure
along the dividing flow manifold by suitable adjustments of the flow . parame-
ters 50 that the pressure rise due to flow branohing balances the pressute losses

due to frictien, © _ i W

| REVIEW OF LITERATURE

In his discussion of manifold flow, Keller defined the lollowing two-
dimensionless ratios (6). .

Lo % " active length 5f manifold
= Talld m .
o dinmeter of manifold _ .

sum of areas of all branch openings

A0l TALio () -
. crossaectional areas of manifold

From his experiments, Keller concluded that an arsa tatio af less
than o1 equal to f and LD ratio of 70 is required for the dividing fow mani-
fold in order that frictions] losses practically cancel the prossure increase due
to deceleration (8). He further stated thei for an arsa mtio of 23 or grester,
uniformity of pressave distribation along the dividing flow masifeld cannot
ba obtained regardless of the L/D ratic. Dow (3}, commenting on Keller's
analysis, pointed out that Keller failed to "recognisg - the vatiation' of the
Royuolde muthber and the ¢orrespondiag vaciation of the friction
factor with distance slong the manifold length. Dow mashtained that the .
variations of the pressure is not a unigue function of the L/E» and area ratios
but also dapends on the rate of total low. Dow also stated that the press-
ure lose due to friction is related to the surface area of the pips, whils the
pressure risc dus to deceleration is related to the cross-sectional ares of the
pipe. He proposed that pressure can be controlled by adjusting the ratio
of these two areas. Dow reported & classical case of & manifold serving as
an inflnite resesvoir.  He said chat If the pressure changes accompanying the
flow-of the fiuid through the maaifold due to frictional losses and inertia are
negligibls in comparison to the preseure drop across the discharge ports,
then the premsure wilt be distributed uniforely. - Kimbes sod Hollingsworth -
{7} reporied that at low values of acea fatfos, the dividing flow tsanifeld
displayed a smell longitadinal pressure gradient, And at high vallics of aféa
ratios, the frictional effects in the"dividing fow manifald - cicated comiples
prowoere distribution in which the pressmre fell over the initial ports of the
dividing fow manifold and ross foldly towards the closad end. Bafura and
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Jones {2) reporied that the dividing flow manifold porosity and lateral Bow
registance are the vaciables which most significamly affect the pressure distri~ -
wution in & manifold systetn  They defined the dividing fiow maaifeld-perer .
sity as the ratio of the open area of the pipe tq the total arca on the pipe
surfage.  Bajura and Jones meationed that a comnaton design rule-cf-thumb
is to limit the porosity of the dividing flow maaifotd to' less thas 1. They
also observed that a large Tateral resistanos is desirable for good pressuro
distribition, but largs laceral resistance also results in a high total pressure
loss for the manifold which can be gnacceptable if pumpiog costs. are an
important design consideration. Bajora and Jones indicated that the frictlon
factor can be calculated under the assumption that the ‘branch points do ot
affoct the friotion pressure loss charaotoristics of dividing flow -maaifold {2).
They further observed that this oonclusion is highly dependent on the spacing
between laterals,. They recommended that for design purposes the friotion
factor can be evaluated based on the ordinary pipe friction calculations for
the case of Widely spaced branch points and should he increased ag the branch
points becoms closely spaced. According to Bajyra and Jones (3), a branch
spacing of 6.8 lataral diameter can be taken as case represeatative of widely
spaced laterals. .
' ANALYSIS : _

' There ate two imporiant faotors which determine the disttibution of flow
from the dividing flow manifeld. These are inertia and friotion. The inertia

corresponds to the change in velocity bead (&) Figure 2 depieis the flow
tkrough dividing flow maaifold and the dimensional measurements.

- For dividing flow manifold Jue to escape of fluid through the skie
ports, Auid in the manifold decelerates and 4s 23 result premsure rises in the
fow direction  The pressers rise in the fow direction is given by Equetion
1 (6). | - o

dm: dw:} rdm_ Vzr--

w oo g Da i

It equation J, the first term is deceletation am the second i friction.
The decaleration term is negative because an ingrease of pressure cotresponds
to » decrease in veloclty in the direction of flow. The friction term always
causes & decreass in pressure in the direction of flow. It is negative since x is

(0
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being measured from the jnlet end. The lntegrution -of equskien I gives.
the. pressuro at gny distgace 2 “from the inlet end,. as roprotentsd by

m-zl 3 % s
aw o ow ¥i - v2 X
aedet ) W | e ——d@] - 2
L . Dm 3
~ Minimizing pressure varigtion -
3Dy

; L

" and P o= I Px dx,  where P is the average manifoid
: pregcure. '
G e

The requirement of uniform discharge.at all the um':fomhf. lpaued and
oqual discharge arems means that thé velovity in the manifold decreages
linearly.  For the clossd end. design, the veloolty in the manifold near the

dloted end is zore. Thereore,.

v g { B, . . . ,

. = —) Ve . ' (3

_' ~ Substituting oquation 3 into equation 2 and carrying the intogration
results in equation 4. :

L Vg2 X

I A T VT B LS N
s Pyt e 1= (e 3} e = 1 -
' el ‘S. HiE Sg:[ ( L]]'(

Using equation 4, and shoosing a vatue of £ such that

L . .
i f (Pe - By dx is minimized.
O
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Rewriting equation 4, subs['iluting £ raénfsp.,,md sitplifying
w ¥ 12 : x2 X
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AR CONCLUSION
From the peoceeding analysis, it may be concluded that” ihe prosaure

rise due to déceleration in a closed end dividing fow mamifold with equat snd
uniformly spaced laterals, ean be baianced by frictional pressure loasss by
making EL/3Dy term equal to 1. The term f menns suitable selection of
pipe matetial, Le. f, ita length, L, and s diampter Dg.

NOMENCLATURE
D Diameter of dividing flow manifold
f Dimenpionless friction factor
g Acceleration due to gravity
L Lenpth of dividing flow mapifold
P Pressurc in dividing flow manifold
X Distaney alopg divlding flow manifold
v Valocity in dividing flow manifold
Subracripis
i Lalet
m Drividing flow manifold

=

Hatrizontal in flow direction
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