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ABSTRACT

STUDIES ON MULTIPORT DIFFUSER OF UNIFORM . °
LATERAL MOMENTUM ] =

. Edward Oi-Wah Ng . S

The thanifold which is bein§  studied in this Reporfr—
\fﬁas originally designed tolgpsure uniform disfrfbution of
ldtergl momentum, The present étudy is conéerned with the
Idlstribution of lateral momentum when the length of the manif&ld
extendeé or shortened at the upstreém end or thg downstrgam.éhd. ¢
The change ip iengtﬁ of-fhe manifold may be required for vary-
ing the design discharge capacity. In’the present experimentél
arraﬁgement, éhe open déwnstream.eng simulated the condition
of extending-;he manifold to provide additional discharging
. capability. LA ‘ ; ) . .

v ¢ '

The Snalysis‘éf a‘?anifold with“uniform laterél open=~
‘ings has'béeﬂ deVeléped in the past. Its result can be utilized
in énalysing the manifold déé/ribed abQVe,}whicﬁ has nonuniform
laﬁeréi openings. ?he hypoth sis‘is thét for short pipes, where
the'frictional effecg; are negligible, the gloﬁ,in-each lateral
-discharge opening will not bé affecteé by varying the spacing ‘
in bétween the opgn@ngs} assumi?g that the average pressdre~
régain’coeffiéiént‘f'aﬁd lateral dischargiﬂresistance H will
remgin constant . This is expected to be true for hole spac%nqs
which exceed a'critical{valﬁé. Such a critical value can be ‘
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tained from an experimental program. The flow in each hole .

of a manifold of uniform distribution of openings is first

" calculated by using/{he eﬁuation which has been long esta- -
. . - |

blished. Sebsequently, the distribution of discharge can be
obtai%pd by arrangihg the holes to resemble the desired outlet
distribution. This Fnalysis is sui ) for short manifolds

because friction is being heglected. THe"results of the test

agfee reasonably wéll with the analysis.
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NOMENCLATURE
A Cross-sectional area of manifold
AL Area of lateral opening pex unit length
D . ~ Diameter of manifold i
. R ¢

f Friction coefficient of pipe wall
L, | Length of manifold inch

P Pressure
: /

Q (x) Flow in manifold at point x

p Density of £fluid

Y Pressure rdgain coefficient

B Flow resistance of the branch T

Qo Iniet flow at upstream'* ‘ \

r Downstream flow ratio Q(L)/Qo

ay Flow in iEE hole

A% Flow speed in manifold

v Flow speed in,bianch. - , '
.
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= o CHAPTER 1
INTRODUCTION . L

v

1.1 STATEMENT OF THE PROBLEM '

Studies by Robillard 1 indicate that by inject-
ing the é?fluent‘as a counter jef into a main streém, a vortex
- sheet can be generated to provide an effective meanélof jet
mixing on a lérge scale, The char;cteristics of the vartex
sheet of the-couqter'jet are governed by 3/02, whe;e-Jgis\\

i
the kinematic momentum of the jet, and U is the velocity of
Ve .
¢« \ . *
'the main stream. In order to ensure an effective dilution
-along the diffuser, the kinematic momentum per unit length

has to be maintained uniform, Satish 2 designed a manifold

ba on this criterion of uniform lateral momentum with
a cldsed downstream end (Pigure 111)0. ' . o
. o ,

The ¢haracteristics of flow in a discharge manifold which

has a'closed downstream end has been iﬁvestigated~in the last

Y?ew‘dec;Qfs.‘“However, a manifoLd’?ith the downstream end
‘parﬁially opened is seldom studied. If the manifold
described above is,pee@ed@ténbe extended or shortened to
accept the charges in th.dé;ign discharge capaci$§, the
unlformity offlaEérfl mgﬁéntum glong the existing manifold
must also be maintaihéa. ‘In thg éxperimenéb, manifolds of
various effective fengths which had an open downstream end

have been tested. .
I ‘ T

°
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Tﬁé differential equation denoting the flow through

the lateral outlets of a manifold with nonlinear area’distri— \

‘bution.is difficult to solve. Hence, a simplified gnalyéis is

derived utilizing the analysis for the manifold with uniform
lateral openings to being with. A hypothesis is ﬁade th;t any
change in hole spaéingﬁ will not affect t@e discha;ge of each
hole. This hypothesis is not unreasonable if friction is not

a dominant fact;r, as'iﬁféhqrt pipes. If ‘the hole spacings

are too close, the variation in theqpregsure regain coefficient

with reépect to the hole spacing any strongly influence the

test results. However, one can obtain a general picture

showing the effects of the downstream flow and the effect T
of extending or shortening the manifold on the flow pattern,-

for all casek where the hole spicings do not alter the pressure

.regain coefficient.

o .
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-~ . CHAPTER II
A REVIEW OF PREVIOUS STUDIES
Keller [3] analyzed sezifal types of manifolds on
the basis of two factors:

L 4
. 1) Inertia, and

)

2) Frictloq' p

It /
He suggested that there were gé@?parameters which defined a
. ‘ Y '

' manifold, namely, the ratio of active length of a manifold
to its diameter, or L/D, and the area ratio or sum of areas
" of discharge openings /cross-sectional area of theamahifg}d.
It Qas pointed out that a larger L/D would allow a larger
area.ratio for a uniform discharge. But the area ratio changes
= did not afféct the flow in a manifold of variable cross-sec-

tional area.

Dow [4] considered the cases for laminar~flow and*
s ’ ‘turbulent flow in a ggnifold. He'introduced a constanéﬂa'to
. the term of momentuﬁ in the differential equation. . According
to Dow, the distribution of lateral discharge depends upon

-

‘ the area ratio L/D, and the incoming flow Qo;
B . SR |
' . McNown [5] presented a thorough study of the flow
characteristics at a branch point in a closedﬂﬁonduit. He

‘observed from the experiments that for small ratios of branch

A e e £ T . Jor ey e b S Bt R PP . o LS, A i mmay =t o A Wi T 5 i SO ok, Ko A T

g A e
[P S Py apiiusmay < swumadvadeio: Ao e th e

to determine the flow characteristics. /
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flow to main flow = Q3/Ql, the head 1ldss in the conduit at
the branch point was negative. This was egilaigfd in terms
of the non-uniform velocity profile. The ratio of discharge~
opening diameter to conduit diameter D3/Dl, was considered
to'hgyg only a_slight effect upon tﬁe pressure recovery.

ERY

However, the spacing of branch points was found to affect
da ,“?; B

- "5&

the pressure recovery pattern.

"

Horlock [6]' investigated the flow in discharge
manifolde with open or closed downstream ends. He concluded
that a value of (Vv/b), i.e., the ratio of velgcity along
the manifold to the normal discharge velocity, should be
reached, far from the end of the manifold, which was only
the‘function of fa/b, where £ *was the skin friction factor -
and a/b the area ratio. This value of (V/b) was independent

of the discharge end being open or closed.

A
- .

Haerter [7] studied the characteristics of manifold

flow along branched air-ducts. It was noted that.the pressurl

regain coefficient depended upon the velocity grofile in the
a

manifold. ’ W,

- v )9 .

In the case of a short conduit, with‘constant'cross- Ve
sectional area and-equally-spaced branch, where the friction .fj

is negligible, the distribution of discharge was determined .

@

by the parameters A_ and By, where.

15 a

[
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A = effective branch area
s cross-sectional area of duct

-

B = /Pressure regain cOeriicient X coerricient
s ) of loss at the fitting .
‘ .
I3
If A_B, > 1.57 (i.e. m/2), there would be no outflow along
the upstream section of the duct until'it reached a point
downstream, from where on, the remaining area ratio As would
give AB, < 1,57. .
, &
Vigander et al [8] analysed the flow in a corrugated

discharge diffuéer for éfowns\Ferry Nuclear Power Plant, using
. the step-by-step method. For a'sméll (d/D), the dikmeter ratio,
andv; larée ratio of pipg diameter to height of corrugation,

", " the ggperiments showed that the dischafge\izefficiedt\was main-~

the ‘ratio of velocity head tb. the total head.

The other )geometr parameters-had no discernible effect upon

. ’ . /
ischarge characteristics. —~

‘ijgra .[9] used the momentum eguation to analyse the
T'flo§ in a mﬁnifold. ‘He presented graphical data for the static
'pressure reqain'coefficient and the turning loss coefficient B
T;Which was being igcluded in the mqﬁentum equation. Both co-
,,éffi¢ients weré'affected-byqbranch spacing, the diameter=-to-
,‘length ratio and the ratio of aischaége-té-main flow (Q./Q).
in theycase‘of negligible friction, the discharge distribution

' . k \
, of a manifold of uniform lateral openings was related.to these

. b

(S A ¢ . .
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|
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4
parameters namely:

—

1) The area ratio,
1
2) the resistance at the branch, and

3) the static pressure regain coefficient.

. |
Berlamont et al [10] analysed the lateral outflow
1 '

in perforated conduits for three different pipe flow condi-

tions, namely:

1) Laminar floy,
2) turbulent smooth flow, and

,5) ‘turbulent rough flagw.

The discharge ;hrouéh the branch was described by a qeneral
power-law: It was shown that the lateral outflow was mainly

governed by: -

1) - The velocity dis;ribution.correct;on‘

coefficient,

o

2) the friction (£2), end

52
3) o X " €
Zgﬁo ’ . .
where ’ : , ' >
- U, = the initial velocity in the conduit, and ,

o
h, = the initial static head.

.

e

1
A
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Hudson ét al [ll1] collected numerous published
experimental data to devise simplified graphical solutions ¢

for the hydraulic changes associated wﬁth the dividing. flow C;//

-

branch points., For sguare-edged -laterals, they found that

1

h' Vm 2 | ¢ '
N = -—) . 4+ B +
- 2 ¢'(V) \

,(VL /29) . L

C e
where . -

h' = lateral entry-loss

Lo o

V. = lateral outflow velocity " b P
V_ = main conduit velocity - i
e T N 3 {
and for the lateral leﬂgth
N k!
) . ' ¥
L>30 , 6 =0.4 $ = 0.9 (long lateral) :

L-< 3D 8 = 0.7 ¢ = 1.67 (short lateral)

-

'The - pressure redbve;y could be estimated from the ’ i

I
' 4 . |

graph of Lo ' : 1
- i ) , / M
v ' 3
- , Ah | m¥l . . i
: *Vh!/Zg - im \\

for design-purposes.
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CHAPTER III . ~

SET-UP AND PROCEDURES OF THE TEST

3.1 SET-K'J'P OF THE EXPERIMENT

The manifold tested was a PVC pibe of 2" diameter.
A PVC Qlock was glued to the p‘ipe and eighteen holes of 9/16"
diameter were drilled in the pipe—bloﬁk system at prescribed
locations. .Taps Por pressure gauges were located diametri-
cally opposite to each of the lateral openings. There was
a valve at each end c; the manifold for controlling the in-
flow and the downstream flow. A movable scale was used for

weighing the lateral discharge collected. The original mani-

fold with 18 holes and 60" long, is shown in Figure 3.1.

3.2 TESTING PROCEDURES ' ‘ \/

The manifold ﬁéé testea Qith.different nymbers of
holes or different act;ve‘léngths, éﬁq the vprioué dpwnstream
floqs as shown in Téble.B.l. In the,s%:rtened‘manifolds, é
either upstream or downstream lateral openings were plugged e
from the original eighteen holes.

For ;nar_aifoid with hole numbers 1-18, 3-18 and 5-18, the 2
downﬁtream flows‘COgid be of any value, since the uni-

. \ '_' Sg o
'

4 .
s . o+ — P o =TT s e v e s ABR B

ety
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formity of the lateral momentum could not be ‘achieved with

the existence of downstream flow. The purpos
) .
the manifolds of these configurations was to study how the

flow pattern was being affected by the down-stream flow,

" For manifolds with hole numbers 1-16 and 1-14, the

downstream flows were adjusted for two conditions:

1) The uniform-lateral momentum, and

T

2) the zero lateral flow ‘that accurred in the first

hold‘upstream.

For every test,. before the measurement was made, water

t

was allowed to cxrculate for a whilg, to let the transients |

decay.

The discharge of each lateral openxng and the down—

stream’ flow were measured separately. The dzscharge was’v

guided by a steel chamber to the scale. The time interval
for 200 lbs or 100 1bs of water was recorded for ¢aiﬁulating

the discharge rate.
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TABLE 3.1 NUMBER OF TESTS ¥OR DIFFERENT
MANIFOLD ASSEMBLIES -

\ Y
No. of ) With Downstréa;n With Dowmstream
Holes Hole ljo.‘ Closed Open ’
¥
18 1-18 <1 1
16 1-16 1 2,
le6 3-18 .Y ( 1
14 1-14 1 v 2
14 5-18 0. \ 1l
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CHAPTER IV

ANALYSIS

From the previous studies [7]1,.[9], theﬁgéheral

. v
equation governing the manifold flow is as follqﬁs&
f

- ¢ *

1l ar £ 2 av
) b—-a—f‘"-ﬁv +2Va§+’¥vv

(X)
= 0 ({l.l)

V = flow velocity in manifold

v o= flow velocity in lateral branch
A (X) = lateral opéning per unit length

A = cross-sectional area of manifold RN ]
D= ciiameter of manifolq . ;
. Y - éressure recoyer'y factor

f = pipe friction factor

'p = dengity of £luid

I

A particular case of Equation (4.l1), which involves .-

2

‘the additibnai condition of uniforin' lateral momentum along the

Ll T

span of the manifold, is derived in [2], and is given below.’

2 :
@) " - 52 B2 e’ - | '

2 | - ‘
(2-v) B (%) L)' ¥ =0 ' {4.2)
- | “ ' g
with the end conditigns Q*(0) = 1, Q*(1) = 0,
T : i ' L
o : k ,‘

g cawr b



where,

Q%
X*

Q

O

L

MR

The same manifold with different end conditions is being

/9,

X/L.

inlet flow‘

L3

active length of manifold

o

-

inflow mamentum/tbtal,ldteral momen tum

S

studied in the present report. When the end conditions of

Equation (4.2) as described above varies, the uniformity of

the distribution of lateral momentum cannot be maintained.

r

14

In this pase,‘only Equation (4,1} is applicable for the anai&sis.

To solve Equation (4.1l), in which the lateral area wags found

in [2] <to be nonuniform, numerical methods can be adopted.

However, a simpler method is suggested for the analysis, and

the results describe the flow behaviour in a more comprehensive

manner. To simplify the analysis, two’assumptions are made,

as follows:

1)

For short manifolds, frictional loss is small.

The tested model with L/D = 31.25 (for 18 holes), is

’

considered to be short. Further, the pressure re-

covery head is much larger than the friction head.

Hence, friction loss ik neglected in the analysis

r-

presented herei

e T

Ne

\

- e

e o

i ————— LR R T A £, P S O SR e

T peey TR

 oatwrtey. Yo
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2) The analysis is based on the hypothesis that in
a_frictio’nless manifold as shown in Figure 4.1 w
the lateral discharges gq; and éz in Figure 4.1 (a)
will be the same as in Figure 4.l(b), regardless of
the hold spacing, prwided.tll\gt the inlet c'ondition
remains dnc:hang’ed. Tﬁe flow r\é:s‘ist‘ance' H and
the pressufe recovery factor vy at thyranbhes , | i
are assumed to be unaf’fgcted by the r\xBlék spacing.
Co e :

- For simplicity, a manifold of uniform lateral opening
will be used as the analytical model in the analysis. Thé ‘
flow anf the dischargé of each hole are first obtained from
this analytical model. The flow and the discharge of the
tested model can then beQEQMblished by adjusting the hole
spacings to resemble the manifcz;ld tested. Based upon this | %
transfomgfion, the’ flow characteristic of the analytical model
with 18 holes and a closed downstream end will give the tested
model a*uniform lateral m¥mentum. This particular flow
characteristic from the analytical model will be used as the

‘reference flow characteristic. ' One can predict whether a

T e 4 o Tt e 2

manifold will have uniform lateral momentum just by combaring
: e

the flow characteristic from its corresponding analyticai model

with the reference flow characteristic without transforming the

;
3
3
§
J

\ analytical result.

~

! 4

TRAT L LN e AT RS
. .
. e
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For the simplified analytical model, Equation 4(4.1) ~
becomes N
" 2- AIl 2 = )
" + L% = o (4.3)
where -

' .
A, = the lateral area per unit length

= constant \ '
»

<.
a) Manifold with closed downstream e\\d.

From Egtation (4.3), the flow and the discharge are

. given below.

L S
21 . 1 i . ’
| Qo . T o sin my (1 Ll) (4.4)
Qi (X) = - ‘¢os m, (1~ X ) (4.5)
Q% e L,sin my 1 Ta'
Y | .
_where, .
.o - . - Ar
: SRVE e
and i;‘

ATl = the total lateral area for length Ly and

Subscript C = the case for closed downstream.

-
3

~ ﬁ"

Let x

X 1 '
e B e— f dx (4-6)
L Ap © A
and .

. N . 'Ll
L Ay X &

)

- e et — -

[ T

P
—vl - P P b TRy AR A It cae —m?‘ﬁ—"“.

N i danich




AN ‘ \\ .

N N 17
v ’
Substituting Equations (4.6) and (4.7) into Equations
! . 4 . ,
(4.4) and (4.5), one obtains
_ L, ‘
- Q(X) . 1
Mo L - sin X f A, dx (4.8)
- Qo sin m, % L K
. -
L
1
'(x) . ™
. - Qo Llﬁ-n i cos K xf AL dx(4.9)

<

where,

el

b

One can see from Equations (4.8) é.nd (4.9), that the

characteristics along the new span‘will remain unchanged.

The tested model which is shortened at the upstream will still

have the uniform lggeral momentum, and the change in the inlet
flow Q o only affectg the magnitude of~the lateral momentunm,

but .not the uniformity.

AN

~ In the case where, the manifold is shortened at its ‘\\'

the original (or reference) discharge aloné curve (a) is .as
described by Equation ‘h.a) . The dischargje for the shorter )
manifold along curve (b} is given by équation (4°.10). '

iy e ey Y

Sy M ST iy o R Ty o S o

discharge at point X depends upoﬁ the integral of the lateral
area from X to the downstream end I"l’ Hence, if the manifold

is shortened at the upstream, as shown in Figure 4.2, the flow

downstrean end to a new length 13, as shown in Figure 4.3, \ ot
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. o Q.. m L
- - .03 3 3
g ' (X)3 = = g;sin m, o008 KGJ 7 A 4]

C_ ' Q ., m L
= -——og——g—-——cosx(xflAde-
9.3 sin mg

N ‘
< ! Ll
. ‘ ‘ - L3! AL dx) (4710)
where, '

Subscript 3 .denotes the shorter manifold

Even thcugh curve (b) can be scaled up or aom to (b")
by adjuéting the inflow, it still cannot match witﬁ the refer-
ence cur?;e (a) bt'acause aof the phase shift szLl A, &, in
Equation (4.10). Hence, one can conclude that if the manifold
(tested mt;:d'ei) with a closed downstream end is shortened at

the downstreé.m -end, the lateral momentum is no longer uniform.

4

b) Manifold with downstream- end partfil 0pened.
. L

The end cbnditibns are Q(0) = Qo and Q(Ll) = rQo.

, .Then the solution equations for Equation (4.3) are ' '
QX n 1 kain m (1- X)) + ‘rsi.n n 1) (4.41) |
éo 8in my, ‘ITI _I.I ©
Q' (X) !

B oom '
. 1 m - Xy -
Qo = ——v—r——-Ll '3 o, (cos m (1 Ll) ,

A

»

- rcos m %I) | (4.12)




-t

.19

A

Substituting Equations{4.6) and (4.7) into Equations (4.11)

and (4.12), one obtains the following equations:

L :
¥ Q(X) 1 : 1 v
® ey (gin K [ dx +
2 sin m, g AL .
’ 1 4 x ‘
trsin XK S A ax) . (4.13)
. ! \l. L '
Q' (x) M 1 )
L T e T
] ’ ‘
) b4
-xcos K [ dx) . (4.14)
. o AL ] N

where
x5k e

For the chse of opened downstream end, the lateral

discharge along the manifold is reduced by.the ocfurrence of
: X
the downstream flow by the amount of r cos K Ay dx, as
. ’ ’ v ‘ ' ) o
shown in Equation (4.14). R v
. .

T
- ,

It is noticed in Pigure 4.4, that as the value of
‘downstream flow ratio r increases to r_, there will be xo
h

8

discharge at the upstream end, i.e., Q'(0) = 0. Under t
. + J
condition, Eq'uation (4:14) becomes ~
' 2 - - \ »

i

e 3

moq Li‘ ‘ o -
"TTIW‘[”‘KOI Ade-rccosKO,f ALax]-o

[PEEPEUR

“




b
*

er manifold be - £, and let . =.r*, such that ] ‘

v .
. .
s+ N s N A
A o \
.
5 . .
. .
R . .

a .
.

8 .
A

downgtream end. Figure 4.,5(a)- shows that the drop in dais- = .
£ ) . ) .
charge due to* the,existence of the downstream flow can be B

compensated by reducing the length of the manifold froin"i:he :

downstream end. In Figure 4.5 (a), let the length of the short-
_\-"

l

4

.
Wt ’

Q' (X, QX
i S IR Q(UT‘
. c

B o

»

-~

(4.16)

where, . .

' . .
- . . ) ¢ }

Subscripts C = closed downstream end

B Dpasdgrra 2= - NT

"0 = opened qownsf;ream end

1
: .
3 the manifold. whz.ch is shortened at the

IS

downstream end

, :
. , / 20
Thegefore, ' .
rc = ¢o8 K f AL dx
) . . w ' \ o
Co = cos(K An) (4.15~)
” L8l --
3 One‘can see from Flgure 4.4, thet the uniformity of ’ »}
lateral- moméntum of manifold tested cah no longer be'maintain-
D
ed vhile there is a downstream flow
In the\previous section, it was found that the /
d:.scha.rge can be increased by shortening the manifold at the *

the orig;l.nal manifold " ' S ) ~

Ea M
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« Substituting Equations (4.5) and (4.12) into Equa-

i > > e & P

OIS

s tion (4.16), we have ~ _
1 4 o -
m, - R
i} iFﬂ%Tl' cos ml(l-Tx'l') " - mw“ "“3‘1"")9,(;’ - ¥
’ « ; ' ( - r* cos m, —)
A 3 IB‘
. . ° ° '
where,
. N 0 < X< L, .
*
Since ¢ ’ . .
m m i
1™ /oy AL - :
’ R el : |
Therefore, -~
4 -
| &in m, (1. X X " o x :
sIn o C°8 ™; (1--L—-) = Cos m3(1- -} - . x¥ cos my —p— !
| 1 1. "3 - 3 ’:
K X sinm . X i
* = - . " oss—— ; 5
r [cos my (1 T ) sTn - CO8 My ‘(l T )] ‘ T -
- 1 1l C0S M-y~ :
(' ] , 3 3 , i
\ ’ . sin ms © e MaX : 'sin m, 1
f' ’: (cos. my - m cos ml) + t' —[;(&in ms-sin my i-i-ﬁ—al-) ?
’ i ’ . ' -
¢ . sin m .y
-: _(cos m3.-— 'éTn'Tn'i' cos ml) ‘
' A . =»
. sin mL(l—m3/ml) . i )
" “sin'm, ‘
v Q’
: . . , .
1-&.“ w T TR ““,--- - . _lnm
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Y
o jw

4

Therefore,
sin'm1(1—13/gl)
r* = ~sin Fiy 54.17)
Compare Equation (4,15)‘to Equation (4.4)
. . Q(L3)l ’
b —QTGT‘_J_- R (4.18)

c

<

The result of Equationv(4.18) shows that for the

* shortened manifol%l if the downstream flow ratio r at X = L,
< ‘ .
is. the same as the flow ratig\ft X = Ly in the original mani-
| 9 . : . '
fold with a-closed downstream end, the distribution of dis- -

charge anng %3 in the shortened manifo;d.§111 be the same
as the original one. The unifoimity of the lateral moﬁentﬁm
can be maintainéd. X
, R o

.. For another case, as shown in Figure 4.5(b), to shorten
the manifold at upstteam end, will not.helé éB eliminate the -
eect of the ddwnstream flow. In, this cﬁ;e, the distribution
of the lateral momentum will not #e unierm. Instead, it tends

to increase towards the ¢ownstfeam end.

~

NOTE: - Appendix I shows the derivation of Equations (4.3),(4.4),

~

,&4.5),(4.1f) and (4.12). The values of T for 18 holes,

"16 holes and .14 holes are also included in that sectjon.

4
<

Y

e Aot 0 et o
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‘FIG. 4.1 MANIFOLDS OF DIFFERENT HOLE SPACINGS -
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FIG. 4.3 DISCHARGE OF MANIFOLD WHICH IS SHORTENED AT THE
DOWNSTREAM END WITH A CLOSED DOWNSTREAM END
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FIG. 4.5 DISCHARGE OF SHORTENED MANI‘FOLﬁS WITH A
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CHAPTER V

DISCUSSION OF RESULTS ‘

Table 5.1 summarise the test results. Table 5.2 displays
the comparison of the test results with the theoretical predictions.
= N
For the case of a closed downstream end, the uniform-

+

ity of the lateral momentum will not be affected when the

manifold is shortened at the upstream end. ‘ j

f
For the case of a downstream end being partial&y,

opened, the flow behaviour of a section of a manifold remains
unchanged if the upstream and downstream flow’ratvio‘s %}—Q of -
that section are maintained as before. The eiperMehtalo ’
results of r* {the downstream flow ratio at whiéh the shortened
manifold can h'ave' a uniform lateral momentum) are close to the
pre{dcicted valués. The values of = c (the downstream flow ratio -

at which the manifold will have a zero discﬁarge at the first

hole upstream) also agree with the calculated values.

o

Figures 5.1 to 5.10 show that the theoretical values

match the tested data closely when there is no'large down- /

stream flow. It is observed from those‘fiqufela that the
experimentai 1ateral'm5mentm is higher at the upstream and
lower at the downstream than the theoretilcal values. This is
due to ‘the e;cistence of £he friction which creates a pressure

. .
drop along the manifolQ\. In the case of a large downstream

. flow, the discharge at the upstream end is sharply reduced,

I

PRI
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AN

and it also means that the pressure recovery head is reduced.

Cogsquehtly, the effect of friction becomes more obvious and .
significant. ' R
It is noticed that in Figures 5.1 to 5.10, the distri- {

bution of lateral momentum along the first three opeﬁings has
a wavy profile. This may be caused by the interference due n

to close hole.spacings.

&

‘ The difference between the calculafed discharge and the
experimental discharge of each hole is very small. The experi-

mental results verify the analysis which a% described .in Chapter

<«

. ‘

N 14

v. \ L \
. 1Y -

F

\

The behavious of the disch#rge of a section of the

manifold can be maintained if the flows at the upstream and. the ’
downstream of the section remaih unchanged. \gigure 5.11 shows ) 1"
that the manifold can be elongated in betweeﬂ sections withéut
disturbing the uniformity of the distribution of lateral momentum

of each section, provided that the friction loss between sections

is small. - ! ‘ . ;
4 .

Pape—

Using the analysis presented, one can calculate the
discharge of each hole without knowing the .hole spacings. The
required discharge pattern willvthep be obtained by adjusting

the hole spacings. ~

Tables in Appendix II summarize the experimental and
the calculated results o f the discharge and the lateral momentum
of the manifolds tested. . .

- L]




TABLE 5.1 'SUMMARY OF THE RESULTS OF THE

R '

EXPERIMENT
No.cf Hole ‘Downstream Flow g?araigeristigs ofdMom;ntum
. ™ stribution Towards the
Holes Numbe%, Inlet Flow DoWRStreamn
18 1-18 0 Uniform
18 1-18 ' 6.05%, Increases from B85.5% to
. 114% of the average X
16 1-16 0 Decreases from 110% to
e 93.4% of the average
16 1-16 13.1% Quite Uniform . . \k*\)
16 1-1¢ 50.7% Increasas from 41.6% to
}39% of the average
 16* 3-18 0 Uniform ‘
16 3-18 13.45% Increases from 8l.7% to
. T 119% of the average
14 1-14 0 Decreases from 129% to
86.4% of- the average-
= 14 1-14 25.22% Quite Uniform
14 1-14 ° 59.23% Increases from 28.1% to
150% of the average
14> 5-~18 0 Uniform
14 5-18 14.25% Increases from 88% to  °
‘ : : 120.9% of the average
* Data available in [12]. )

e o e i i o £+
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TABLE 5.2 COMPARISON
ANALYTICAL DOWNSTREAM FLOW RATIOS

’ ’

OF THE EXPERIMENTAL AND

No.of Hole"® '
Holes Number Calculated » 'Experimental x
16 1-16 T+ 14.1% r¢ 13%
16 1-16 r, 508 o  50.7%
" 14 1-14 r* - 27.9% r* 25.2%
14 1-14 o 61% re 59.23%
r* - At uniform discharge momentun .
r, = At zero discharge at first hole upstream.
/- “
k4 . \'
*
£y ¢
.
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et e e e -
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6.1 CONCLUSIONS -

‘CHAPTER VI

CONCLUSIONS SCOPE FOR FURTHER
STUDY

The followlng conclusions can be drawn on the basgig

of the present study. : o

1)

2)

3)

3
-~

Friction can be neglected in the design of short
mani folds, especially when there is a steep ihcreasing

preésure gradient due 'to closely spaced holes.

In the manifold tested, the interference effects

due to close hole séecing are negligibiy ;kalI except
ii} 'the first few holes at the upstream. Thus, any
formﬁof l;teral discharge can be obtained by simply
adjusting, the hole spacing. The manifold designer
w111 find this scheme verykhelpful, espicially in the
stage of\brelimxnary design or modif;catlon.\

In handling the.discharge more, or less than the design
discharge, qpe can extend or curtail rhe manifold only
at the upstream end 1n order to avoiag disturging the
orig;nallﬁ;ow cheracteristics and the uniformity of

the lateral momentum.

o+

e - r— o o

4
i




. \\\,\ recovery factor and the turning loss coefficient at the branch,

e - -

4) The manifold can be elongated in between sections
without'disturbing the uniformity of the lateral
momeﬁtum of each section, provided that the friction
loss in between sections is sma}l. The elongated .
manifold will give us a wider spread of the efflqents, : N

and will help fo dilute the effluents more efficiently.

6.2 | SCOPE FOR FURTHER WORK

Even though previous stndies [7],[9] showed some

v

experimental data on the interference effects upoH,the pressure

é
more information on the interference effects of hole spacings !
) upon the discharge fharacteristics of the branch in the manifold =~ %
. o . :
is still required for the design and the analysis. e f
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o ﬁ___LP;'Pf -3 (A1.3) .
‘ Vh.ﬂ. " ". ”

. Equation WAl.l) beccmes

' ’ L1 + (2 o

45

R APPENDIX'I ¢ , ' oo

g

DERIVATION OF DIFFERENTIAL EQUATION FOR MANIFOLD
OF UNIFORM LATERAL OPENING '

The general equation of manifold flow as derived i,n.

[(73,(9] is as follm:

%.g;-r—gb-vz + (Z-Y)V%-O (Al.1) _
, . | »

where,
P = pressure in manifold '
f= coeff,tcient’ of pipe friction o e / {
d = dlameter of mapifold |
by pressure r@gain factor
Ve ﬂov; speed in manifold
,»p':l ;low v ‘ . . !

A ’ - “ .

For short manifolds, the friction is neglected. Then

a

ar av

B . N . ;/ 4 ! ’..
The Bernoulli equation for the flow at the branch

v = speed of lateral discharge. . -,

i U MM - AAEM Ty Yot i N W ke L ey st o



are

e

. {
i 46
- - 4
& . \
’ Pr = pressure outside the branth j
,.\‘ L]
H = flow resistance at the branch
, 7
The continuity equation .
av A T
. .V = - —q {Al.4)
‘where, , »
R
AI. = lateral area per unit length
Substitute Egquation (Al\.‘«ﬁ) into Equation (Al.3), then
differentiate the eguation. Substitute f.hit into Equation , .
(al1.1) : , , o 3.
v * .I‘ M D ‘ ' )
v+ MV O L |
or : o . ‘ .
'] ' . L . - " ' .
’ 0 + M7 = 0 (AT.8) |
where, ‘ | [ |
' b = flow in manifold | L
I LA T S
' The solution for Equation (Al.5) is as follows:
. . RN
" Q= a cos MX + b sin MX (a1.6) ¥
S For the case of a closed downstream end, at:
r - ‘ ‘ N
[l y x =» o . Q = Q% '
¢ X = ] ’ - QwQ : T e )

-~




—

. e

A

Q K
QR | = o sin m.u-%) (A1.7)
[~ ,
X . Mo, X
Q' (X) . - sTn WE ©°8 ML(l-r) (al.8)
[ <]
[

where,

Subscript C is for the case of closed downstream

end. )

For the case of downstream end partially opened |

2

X=0, Q= QQ
X =L, Q = |
Therefore,
: % X X .
j Q(X) Srepr [8in ML(1-f) + r 8in ML(1=¢)] (AL.9)
H . o * »
!’ ,; ( L ]
4 ' MO, X X '
§ Q' (X) s - sIn MG [cos ML(].T) -r cos M rJ {Al.10)
o : '
)
e , ‘
.If r is being increased to r. such that Q' (0) = 0, from
‘ Equation (Al.10) ' - ‘
N ! . l - A
- . 2 AT .
I, = cOs ML = .cos /"il"f -+ (a1.11)
e -




. | |
: Y - S |
5 N H
; where, T _
3 - A, = total lateral area (
i L . .
* . . For the existing manifold of 1.92" diameter, 5'-0 long with. "
. 18 holes of 9/16" diameter, the ‘prouure regain facter vy = 0.9,
and the flow resistance H = 1.9, the values of r, for
different numbers o% holes are calculated in Table A.l.1l.
’ tet X=i ana ma=mm
r n ' N 7
where, {
. 4
i = the & number of holes ]
n = the total number of holes
e Equations (A1.7) to (Al.10) can be expressed as follows: '
: | |
- Q0 { , .' 3
QL) =5 n sin m (1“5) (Al.l?)
c .
| ' E
| . - 3
Y on i - : ‘j
Q' (1) . = rsTo o CO% m(l-H) \ ) (Al.13) §
N ' Q(i) = -----'Q° [sin ‘m(l-i) +rsinm 3‘-] {Al.14) ;
b | | o TEE n RN
t
. , 1
3 \\ ) . ' - @Qo . i, i '
et 5 = - reTaEicos mil-3) - r cos mz] (A1,15)
whers,
\ LY
¥
. 1 )n
‘ . ) B
L ’ '/ .
i -

T TR
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" Q(i) and Q' (i)

3
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are the flow at the rate of change

. of flow after the-itl hole.
N

Therefore, Q; at the iSQ hole will be th\‘average‘oEVV

Q' (i-1)

i

and Q'(i).

Y

The axperimentgl lateral momentum per unit length of qach

hole calculated is as follows}

M, = lateral momentum per uhit length at the

4

| iEB hole

qy = dis&harge'at the 153 hole

a; -\qrosg-éectional arga of th€ 158 nole

S, =.spacing of ¢he 182 nole.

f

»

(Al.16)

gt

i e

e
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. TABLE Al.l. VALUES OF r_ FOR DIFFERENT
NUMBERS OF HOLES
' \_~
No. of ™ AT - .
Holes A . ‘ c
A8 3 1.545 0.385
16 1.373 0.502
14 1.2 — 0.611%
LY
A Y §
b .
\ ' ’
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