x

) Prgsented in: Partial Fulfil,

N o) N

. JET IMPACT FACILITY FOR DIRFCT

' .'MEASUREMENT OF MOMENTUM
\J \
. . f u‘\ o
. . o ‘Y
* ‘ N .! . - ~ .
- ) ~ . v
. . P. George Oommen
$ -< ) .
. R /. ‘.n .
. L} ) .
. v //////' . :
. A DISSERTATION
) o - in o ,
. N '
- o N > .. The Faculty
’ . o L
- &.\\\ E -
v o e Eﬁgineering:\\- =
. . o
. & : .
1 . ; , . ,
. . %, 2 "
e : S
L3 ’ \ .
- iE ¥ * '
. i ¢ ! i . R ) .
. ’ - it o
¥, . .

» ‘the Degree of Mastef of Enginktering.
Concordia {niversity

v+ Sir George Williams Campus
Montreal Canada.

[

‘e

Georgé Ocmmen

s, .
. .

N 4
- .
~
Ve
‘
.
. . .
b L2 ‘
. LI
1975 A
N
Re K R “~
. .
e | R B g KO WA o

»

-
AN |
- €
[
.o 0
¢
~ 4 ]
:
[
~ ?
g
2
¥
.
e

ent of the Requirements fot




« , K - > * R *
- . R . 4 - » ‘ KN N
" . ,
C oy AR . ABST . L .
A " ’ " s - - 0" . ‘. . . l.\ .t
R ‘ : i ‘ . ' T, A s T
. N M .

& vt
L . ’ - * i - ¥ L4
4 s - '
- -~ o . Y -
F - . ’
] 4
z b , s s
nt ] . LI ) . v
’ o, . . . ) » . .
¥ - ‘ = ! A n ‘. !
, - . . ) . b
.

- ' Pl GEORGE 0OMMEN

A general equation inciu&ing jet area, jet spacing and length.of a T
! ' hid ' . ‘\ 3 ' .
ma&ifolg is obtained. To verify the theoretical\model a jet impact

<
I | s . '
8

tankjwas developed.. Re'sult's indicate that Ehe.theoreticai‘modellis

.

N . > * , (. N

. B - e " ‘v, e .
. 3 . : N ‘ —~ o

\ L JET IMPACT FA®ILITY -FOR DIRECT S ,

- ) v » ’ ‘ : . . -

" o * . MEASUREMENT OF MOMENTUM ) N S
b PN K ~ ¢
The momentum disérlbution in a manifold is an imporﬁﬁnt .

. N\J' o .
factor in the design of effluenc dxsposal systems. In the“present - K
study, the effect of jes spacing ratio and . Jjet, area ratio on the

~momen;um distxibution along the length of a manifold are investigated

&

. £ MR T -
LI - . .
valid for short pipes in which frictfon can be neglected. . X .
. . , ¥ .
2t . 7 '
. N . . “~
, ! [y . . ¢ '
L3 / .
T Ey ow
. _ ,\ k LI .
€ - . A
- L4 b * 5 ! :
L S . . .
N s - . , [
, H
Q- L h - 1 ‘ N’ 1
. b “l )
» 4 .
- < * €t v Q »
. . v
,lo v L4 t \ . '
,\ . \
Y - k
J .
N 4 .(, £
' ¢ .. ' 4 t '
2, ‘ . b e - ety )
t i . : ' L
P ¢ bl * \
N S . : ’
x Co- 8 . et ;
- 0 L &




¢ 1 v . » . N . byt .. L
-~ ! . ’ . h
° A D . ’
. ' hile ‘ . - -« / . * H -“' .
L - b e -
? \» <¢ A R - . N ot L4
. ‘ . ’ - ¢ k2 R ] LR V¢ v o N
v « .
. . ’ .
' \ - . .
¢ . N ' A . .
’ . N vt
, " . -, _ \ . . . - @ . .\
! . v * - R P A - Y A K
- ‘ ¢ R . ‘
-, * . t . .a‘ ) : L : . ¢ J " N : ' s ':
’ - -t - [
. N . . & . S
. . Do SR
Al . 4 / / » ’ . -
ACKNOWLEDGEMENT - , "\ -
. . ' . . . 1]
. s o F . e L ¢ s
. : ‘ o v ) ’ P - ¢ :
.‘ : » 3 [y '
: . *oy '
» . °
ting : L
b : . .

» ’ .. ) . . . . : . . ‘. -
. V4 e " "The authox wishes to thank Dr. A.S. Ramamurthy for'sugges
N e ' ° > ' . ' ot ' N

the development project related to ,the jet impact facility for | o . .

- I . , . '

T ’ ~ o :
Jdirect measurement of’ momentum. ngerous discussions and valuable (’ N ot
. "- s A . L

. ) ¢ L . -
P LR 'help’ given by Dr. Luc Robilland and Dr. Sdbramanya are very much.
oo .- . e N
S ﬂ%‘i + appreciated.- . C, .. ‘
-~ . A ¢« - S .
. : . . .. o .
nyironmenﬁar . -
‘.'\'- I
‘e

The assistance of Mr. L. Stinkebizius of the E
»__.. s

N
. d e ) . . A ~ -
-, Fluid thhé}ch Laboratory is thankfully acknowledged.
——— ~ . A .
1(7 . ) N .
’ . s . ] -« @, o
- e - - ‘ , ’ »
-r‘ o ? A . D , - A - .‘ z, (
o~ v i v : * . . * .
. . . L
(R 8 N N
S 1 . '. N . ¢ -~ . ) )
’ . LN a i .
V@ N ) ) § - PO
‘ . : . S .
- . R , . -~ . »
/'T ) - . - ( ‘ L] R N
. - - e
hd =~ . L ' . Pl .
- - R ! - ‘,. t
* #
v ! .

R A
.o &
L]
e .
o v
. 1
A - -
t .
s
. 3 - i A
¥ - , ’ ! . o . ‘
. . ¢
. ¢ .
’\ » P
. - . - .‘I
" s - .
~ N 2
- @ - -
. LY
'
- »
4




- -

f Tables 4  civtiiiennronsonns
1

iSt.Of Figures . .ca';c 5.0."“!0.("00!0

’
. 0

List of.Symbols . . i.....r.. Cveraaans

.

. r
Intréduction I, A T

. +

Previous, WOrk ,.,.

Some Theoretical Considerations CJE

’ r
- 4

T~

’

4 v,
LR R AT A

LR R N A Y N N B B

K

v

" . .

AL LRI L C L BT I 2 BN I

R

LY

Bxperimental Studies. ..... D T

Discussion of ReSULLS v.umeeiveessaion

o M 5, . * .

.s

.

.

R N L I IR I AR ST R )
. 3 []

P

<

e .;3.

RN EEEE

.
IR
. 3

‘ .
o o't a0 s
.

«

LRI BRI I B AY
~

-

» .
!

aummary and Cbnclusiom

-
-

Scope for Further Work

Appendix A: ~ -

!

v

Appendix B -

. L 4

- etr

References '..".‘..l..'QO?'.DQC..l.."lll!l.‘0‘.‘0.'0."..‘...‘

’
g 1" M -
v A
o . -
[ 14
.
v X v
. .
R .
- N
. o .
. s
o .
o’ '
» I ¢ v, rd
- L]
- 5 e
. .
.. = f
Al v -
, * .
. -
'
L) M ’ '
. A L
0 .
.
= \ . - L . .
. . +
‘ 0
.
-
. ‘ A ,
¥
. . AR
. \ o
$ \
.
1 .
M .
. 4 f .
£ . ‘
- . -
L]

s s et st 0ares et

toc'OQov-utnnonuowdoo

v

°

r

B £

-

.
»

Y ‘

¢ .

JExperimental.Data ... .lviiae e hienns
. L]

\

17

18

39

Specimeén Cal,cqla“tion, Ceeeaeees / creiies G4

47




- s B . . - N .
r LIST OF FIGURES e -
. ’ : - r o ¢ : .
' - N LI . g_ !, . ’ . l e v o Page >
Figure 1. Schematic ‘layout of experiméntal s.ét_ up. ’ 25
2. ¥ ,Retainere and manifold o ‘ ST 28 '
n\ o P . ‘ ' 'v-l e . »‘ . . i .
C . 3a Test ‘tank o R T 27 .. T
, . ) R Cre .- ) R .
- 3b 'I'est Cank (photogra;‘%) -7 A © 28 Lo
1‘ ‘j - .‘ i l( .. '\ »
, 3c Test tank‘(phé‘togra'ph) ooy C T :
v . 4. Momentug balance = 7 . i - . (}: a & 29 -
. . o . o . , 30 - .
R 5. 4h compi®ed vs h observed . . ’
. . R Do i | . - , .
6. Q copputed vs Q observed ’ ' 31
. ey h ) bd . R
- ‘ d. = N * -~ M [
. > ‘7. omentum measured using balance vs. momentum 32 e
. B _measured using pitot- tube . ‘ '\\ v
. @8 .Theoretical momentur distributich ) © 033 y ‘
’ . - '3_9_.. Momentum dist’ribution,, A= 0.35 - . . 34. .
“’ 10. Momentum aiétri'bution A = 017 . . 35 .
> : : I M‘mentum distrlbutlon A = 2.73 '5 . 36
- .0 Ny ’ . ol - N °
12. Moméntu&n distnbution A =0.17 . - L) - )
¢ - - . e . .
. 13. Momentum distr‘ibution, Ar = 0.35 . L. ¢ 38
. e ’ . » . ) . . . . v
3 . . & . ) - "o‘ R: 3 | ] “ A ) » "
. . - i . N - v .
. . -
X \\ R
\ ' ¥ ] B ! . ' ~ . ~ -
. . * : ‘ : I ) < f i
: .' ‘—.—-""g ? ~ . - . » ]
T - ' | . i
. ' , . - . '
ol . — S
) 3 0t f d_‘ , .
. : 0 ' B ’ - °
\’ . , - \ . K . - » '
)r s . " . - o® a~ ,
. ' ‘ ' AN
P ' . p




LIST OF TABLES _

a

N

' '. . _ ’) . . ;Pa‘ge
Table 1. . ‘An abs;:ract: of revie\d'?f iit?erature fof latera(l .
‘ i:)ut‘ flow in perforated ‘pipes. . - -
2.+ Tube geor.r;e’try.‘. : - 2
- ;3 ' Measured‘ and t:heoretiCal st':;tic Head. .- .
' ™
4. Theolletj.cal and Measured;,d‘iﬁ'ghar-g‘es:‘ :
5. Momentum ‘meéasured b}'i u‘s"ing: pitot-tube a'n:d the - .

.«

balance. (¢




Long’{,-;udinal veloeity in plpe

v LIST OF SHMBOLS |

~— !

To,tél‘dischargq »
Discharge from L‘{mit 1ength of pipe
e

* .

—
'Veloc}ty of ldis )1atge from pipe .

,a constant: . | \ .

.densi‘t:y' | ' c
_Carrection factor L .

i b~
Pischarge coeffiFient of"jet = 0761 .

[ ] .
Cross’ seetionél area of manifold p "
Area ratio, a/A o - .o .
< /) s J

Total area of jet per unit length
Inside Diameter -of manifold

L Ed
%iameter of jet: ’ ’ T

¢ . '

Coefficient of friction

‘Acceleration due to_gravity'

o i B ~ . ‘9
Total head e T ) ’
' F . * ~:’ ) R .

Static head - . _
‘ T Ce ¥
Head loss due to ftiction _ :
‘Active length of pipe ' -
Momentum at S .= O ) R
Momentum aft _'any% section ,
. . - : , - i
Monentum ratio: =
Preéssure - oo P T

ok '\Dls':?;lce f}‘om déad end of manifold .- . ° 'Sj

.

7
.
n
£
) Ty
! ' !
. |
\‘. N
[
’
L)
- - ,0
. N B
\\(A .'
| .
» ’ -
a
h rd
. .
¥ -~
1 . 3
* -
. . “ '
N ¥
« -
. \
‘v
}“
. .
- -




' -
- — d - -
. °
. - ° ‘ -
3 - . -
' 0
[ ’ .
' - L4
. . '
.
-
. . - .
s .
o
A
% ' .. N 4 ]
i - N
- . . . B
’ ' .
i ~ . .
1 . - s} -
L] . w .
. ", . 4
' v - -
] . N ” .
»
o
e w
. .
3 - . .
4 . 4 .
\ - Va
) .
. -
B .
\ N q"’ .
» ¢ »
. ’ . .
( 14
! , R ' -
v < Y
. ’ _ =
. 'Y 5 N . R . v
. * . .
.
L} - ’
- ) . T N 4 -
’ [}
. .. .
. ' ‘ " - - :
, . - — e, .
= .6 T 1A )
| L. e TUNG L . . P
) « D |
W . . -
‘ S * . -
R . (e
, . . . )
e, L
v I . .
M - -’ P
. hat . ~ rw-
: s . .
. . . »
3 ' ’ ,
e .8 N
o . S
7/ . . e ‘
. . . B .
- ' - e
2l \ » ..:
. . -
.
+ .
[ ¢ (8 [N .
B . . .
w — \d R . . . 5
- . . \ .
. . .
¢ L
; ' { . .
§
i . . .
. .
! . .
3 . -
1 . \
PR ‘ ! LI

- . i
-
..',. . - R ' . v .
. . . . . -
. . , .
. '
1 .
6 -~
S . ,
- . -
. 1 ' R - LA & °
oy . .
. . ~ , . . ?
- v - ‘ .
. . N @ ~- N ~ . s
» .
+ v ' -
. s . - o
* B o ' : H v
. R = ) . N
a . .}y ,
- b - . R . v
- N ’ . .
N i
. ~ . -
b T " L] . . [
’ . . .,
L . .
'=-| o M . X . .
- N . N
- . ,
N . _ NN
f
CHAPTER 1 C ,

INTRODUCTION . ‘o

. Lo .
1 \ . [ ‘.
. - - o .
. N -
. - Pte .
. . .
. . . . .
° .
- s N e o 1 .
. haad 'c N
‘ ~ - . .
. - - P
'
a ’ - .
[ . ra . S e . °
. . ~ . .
par .- . . . i .
- - Jot P
. « 5 M - A
. . B
- — r'y N
. . .
- [ . : .
> ’ N .
. B .
» - - B . L.
@ ! . ! ",»
. A, . « . ' .
L ' . .
4 N " . .
'] . - ’ . - .
A .
——— - - - - . . . —— e e A — e e
' ot . . v
- . .
L .
- N ’ . -
N ? f . ]
, - ' '
0y - . N ~ R
[ . .
Iy ,« L ,
/ B ' . .
. : , :
A MY .- R - .
L4 ’ . -
S - . . P .
! ‘ 0 : B
i . A . .
: |
* - . .
- . . N
- - .
f .
i e . ® * PR ° v .
.2 N - . . ['
. B “ .
- - f x\ ~
' ’ o i . f N
( i s - . R v D
* .- : —-— - . .
133 . ' . .
[} 1 . w1
- « . . .
. R A .
. ' . o vl
. -,
b . - N . . R ; )
4 N . ‘ . N
N e N L o . . M ¥



.

.

-

1

R

. / ' .
L ¢ . j

_ C A . . C e v ) . l
i ..g . ] ' * ’ “) - ‘ ) ‘ '
. X . -CHAPTER 1. - ¥ ' o
S INTRODUCTION s
I N T LT "

b ./ " b ' o

) Recen't‘ly‘ﬁ, "engi?ieérs' are“ more and more concerned about‘: better Yays
of divsposing,'industi'iql and municipal\waségé into s@:ream\s. One of the
design reqxf?'_rerﬁc’;nts‘ is v&giqucf]::ischei\rge the ef fluent uniforrpiy along“ ‘thte
width of the stream. - . i v - o

) ) . . - /,’ . ] 3 . ' 3 . v
Usually, theése systems, discharging the effluent inciude a manifold

)

'i.e, multiport pipes (Fig. 1b) as pért of the system. When the effluent

is discharged into a body of wateg as a counter—flowing or'co—flewing
s i P2 X 7 [
jet; the dis‘charge from the individual'orifice méy act. as independent ..

. [} - ) .
jets in the vicinity‘'of the jet exit plane. It hasgheen demopsgrated’

important parameter that controls ,

]
-the mixing characteristics of a counter JéF)A very non—uniform distri-— - 3

/ te

that the momentum of .the jet is an

bur‘ion of the. effluent discharge along\ the plpe mayunhi-bit the for- - "

’
4 s

-

mation of a g.:asi two-d‘imensional Jet In fact, the indiv1dual jets may
“ not coalise and act in um,son. This will reduce the .effg.ciency of nmixing

in the counter -jet. As such, the momeéntum distribqtion from the multipprt ‘;'

A

! & ! 4 .\ <
outlets has signi/ficant bearing in the design of these systems. [ °
P o . / » . . v ’ ‘ V) <}?‘§~
A AR

In this project, the effect of jet spacing and area 9 the ot )

momentum distribdtion along thc; length of the pipe has bee‘n studied.
<
Expef‘imental stufly or;x‘;he‘ momentum distribution by using pipes with
. ‘ ‘ . , : ‘ . Q
different diameters and dif ferent spacing is reported. The study was ‘
. . £ ! " ‘ 2

-

precéded by a development relating two the design and fabrication of a

fet impact facility. =~ ' o -




‘ Theoret i cal study "conducted -by Noseda (1) on herizontal pﬁgpes‘,

with un'ifld,rmly distributed h'oles,.i'; found to be useful qfor: preliminér);_‘_

o

. R oy ~ ¢ * halt? .
design calculations,. The present “investigation provides some. ' :
‘ A ' . ' ..‘ ~ ‘« r ) o A ! Yy
. Q& e . PR . . - .. .
verification of this theory and provides -'an*iinc‘.ication-about the -
. . R ‘ » ’ s a
* R P ', . R , b4 L. ° v
ranges where the theory is applicable. . ] . .
-> R v N ' " . ' i . ) ‘ . ’
. o« - . . . ) ) /"5‘ R - . . 9

The problen treated present],y finds many field" applicatlons.

"@instance, manifolds are used in the. followmg. : T
2 - ] i . R
e l) Canal Tock manifolds (time of filling and emptying)
r . . -
2) Thermal discharge d1ffusers ' ‘ ',
/ : - L
3) @Sewage disposal 'Q.’ .. ' o ..
1] v * ) - : 7 ‘ .
"/ l;) Sprlnkler irrigationysystems§ «, . T,
e . . . . S A d
7 - * . ’ ‘ N
/. 5) Mater filter&.ng systems /\ . .
' .., 6) 0il burner dgs:{gn “ N X
7) TFluid lines with distrjibuteds leakage ) . -
NN . ) . -“ . h . - .}-
8) Bio'engineering systems ' e
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v e T CHAPTER II .

., ) . - - " \
e 4 © . _PREVIOUS WORK . . '
- '\ ‘During' the past, many atte"mpts have beerL‘-' made to solve manifold “
B
a problems ‘A?ummary of some af the important contnbut‘ions to the,, - C
rn)anifold problem is given belby. - “ o T . @ !
“ ]
l," '- /" ' o.:' .
*In a c:omprehensive paper Kelle‘r (2) deals with the cgse of '
v L

a manifﬁd supplying the fluid to a set of' parallel pipes or 'ducts

discharging through a number‘ﬂf orifices dfstrlbuted along the mani-
fold len‘gths‘.'ﬂe systemized the problem as follows‘ L .
—-; 1) Single pipe or duct with 1ato\ral discharge openings
- 2) Si:gle ;txanlfold, ,feedlng a,mult'itubé grid of pipes .
;5) .Ir.lleﬂt manai-f';ld and discharge ,mar;iofol‘ci, cOnnec‘z;ed ~by a multitube

'érid of .pipes- . . ST . v
T ) N ' - v . g - o,
. T " - l’ - * . ’
In ordex to solve thg problem,’in general, he obtained’a e

—— !

- . L e -
al ,equation® for the velocity from the.basic equations of motion.

For' the case of flow ©

-
' >

a manifold shown in fig. 3d.

- —
* »
toe ¢ f - e ,
.

. A v
- . S o ¢
» " o ~ o

Pressure rise in the direction of f‘low in the manif’old\ls Tt L

%‘ ~ e

, f ta .

N . ‘\‘ - . . e -,
' cdp o favdy | @) v oo e 1)
A 5D, r X
‘g * - - ) ' 1 - "

.
R LN - ' Y
' 3

When the manifold cross section is uniform and the openings «

' are formly distributed the following relations hold &ue. ot
. i ! “’«\\ ‘ : : ' .
. . - - W . T . e o
. %” RN dg o= AdV = K -Vy'(ads) - @, .
S~ oL T e ‘ vl . . g
, _ - . C - -, . ~ <5 X
But Vy = V2g . P v . ) (3),
. . o -Y .. 3 ‘ .
' | - N . i ‘ /r i}
v T A o - .
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‘. i* """"'""'" MAMIPARNVIATAMAA N U S U Wit iaditarsg
C, , KY Vl ‘ ,. §
- . . . ° .......’I'..JJ_‘... ROROBIINYS ) R W 3“""‘""\'\‘“*“"\'\‘"'.'" , ' ,
2 1
S : © Fig. 3sd »

-
4 -~ . - '
. T . . . ‘o . . )

' Using the ehové relations, Keller obtained the following

s relation.‘ o ‘. . . g N
) ) N A- \ ) (;2 ‘ L . " | - . - ' )
. o o _A 2 \4 SV v F v2 4 ’
vl -~ ( ) . (“-—_ ) =0 g.. ( ) '
. py Ka d s? - D-) dV/dS C . .
< N [ o Y . e " ’ ¢
L " o .

‘ which is a second order diffcreﬁciaL equation for whlch no exact

so!ution‘can be “found. LY o .

.

4
. .
-, - Lt

determined by the relative value of the pressuré-regain arising

14
>

) ‘the rate of discharge, varfation in Reynolds number and pressure
B loss due to branchﬁng _— Co

> - N
v N * -~

a perforated pipe. His.theorctical results for frictionless flow

- are essentially the same as the resylts, of ‘Keller.
‘ Y

.
- . "

'

. T While studying the canal lock filling s&sfem, Ailen and

3

e
the culvcrts. In this paper they suggested a step by step method

Keller (?) showed that the discharhevprofile was essentially '

. froh deceleration and by the pressure loss-caused'by the friction.

Keller dealt-with’ the problem without bdnsidering the state: of flow,

“\ Noseda (1) has given.somé;experinental data for flow through

. Albinson (3) suggested a different less - rigidly formulated approach ',

-o’ ~to obtain uniform discharge through the ports along’the 1ength of

~



ALY

P _

t
+ 0

¢ \

.- for the design of the ports gﬁd obtained a satisfactory measure of =~ |

. AN : . !
jagreement between theory and experiments. )
, i . ] . . '
' v R . J .

.

Olson (4) investigated the case of a long pipe of -uniform cross

‘'sectional area with uniformly porous wall and determined the differ-

ential equations confiecting the rate of flow to the preséﬁ}e drop in

the pipe. ' Since he neglected the kinetic energy term, the solution

is valid only forfthe limiting case of small; discharge. .

&
. .

\
~ M \

<

«

Vigander and Brooks (5) described a model study from which the - '

t
~ N

discharge céefficigpt was obtained for lateral flow through a cor-

J rugated pipe.' Tests were made for yariods hole sizes and number of

a method used to compute the pipe diameter and hole configuration
' [ ) .

$ A -
holes in axial and,circumferential digectién. They also described ‘ ‘

- oy,

necessary to obtain uniform spatial distribution of 'discharges for

a given flow rate and head. description of a ;hgrmal diffuser ‘

-
' [

system is also included in the pgﬁert " .ok
» : ' . . ke

” ! ]

' ) . N f .
Berlamont and Van der Bekin (6) suggested a general solution C e
. ‘ y *

for obtaining a uniform‘lateral oul flow, either By varying' the

@ . ] ¢ 4

pérforation area or -the pipe cross.sectional area. The distribution

- '

of the laferal out flow in‘a conduit with-constant cross section ard

constant perforation area 1is analysed in a normalized form. In this
analysis pressure rccovery, velocity distribution coffvet and laminap and W
] [ N t - ' » o

turbulent flow parameters have been includgd. The comparison between
' ( , ~

. L . [ - .
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L - ’ - W _ .
. ‘ the éxperimental” values and calculated values are very clpéé.’ ! , - .
— ' p ¢ . ' ot .
i b, ’ s 3 L . i ~
A properly chosen velocity-cb7rélatign coefficient can give
~\> \\ satisfactory results. ’ 0 a ’
A , . - " ’ ' .
i ’ Table ;l
" )
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SOME THEOI'{ETICA.L CONSIDERATIONS
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‘ CHAPTER LII MR . o
N - P . . A L L . ’
-~ , " , SOME THEORETICAL CONSI?ERA_TIONS ‘ R
. . . i4 . \ - "
. o Figure b is a definition sketch of lateral filow, through
. . [ - . » i , - , ' , 5 R . . . .
| a perforated pipe. AN ' R
| i V -8 . ) ) . . . f
j, = ) - o
- - Consider a’.steady flow of a newtonian incompressible .
. ¥ v‘ . ,! ’;
f1yid in a horizontalgpipe With &niformly spaced holes with its’ - . ° )
. < 1 .
, ! 13 4 \’, )
eflux into a body of same fluid of constant head “\ . A
¢ , ¢ ’ 1 s ! . : ) he
. ‘ . Y , ' ' R (““ . - ¥ -
' o ".dh ,'d (V3 . dh C . ; et
— — o = . . . v Loe .
\ . ds  ds & 28 d.sf 0. M IR () N, X
\ . . n - ' . . - . / 4‘,: % (.
N Assuming completely no loss conditions, 'hf = 0 ’ .
! “dh . d (o vE) . o LT
. + SN ) , . . =
‘N es g 20 ! o =
( Y © 4 ' ~‘ B
=, - ~
. , L Since V = g-, . . . ‘ ) y
A . ! . " ' . - '\ . K ‘ &N' -
e : dho,gg 4 g (M
ds A? " ds T . N L ‘
R - ! ’ , s
[ - N . . . - £
. _~ The dischgrge from unit length ¢f the pipe is given’ by C
". b‘ ¢ \ R . o . ! -«
- : J’- the equat.‘ion ' e 4 . o
. B _ g_g _ - ’ : I )
~9s»"; ds = H @ gh L(B) L .
@ ; , . ' ° 1‘% -
. . © « - L
=» coefficient of discharge /- . .- L
= ‘tqtal area of jet per.unit length . , . ‘ .
R X . . , o )
= piezometric head ‘ . ! ' '
= . distance from the dead end of the manifold .o )
=" length of the manifold \ ’ ‘o ‘ Co
. - : g .
L] " cll
L} A ‘( . P} ‘. ’
* / LI . ' ’ Q f b
v . ”
%
Al \S ¥ . i)
[ ' 4




T enlat “ds " ' ds

3 n . .
substituting equation (9) in eguation (7) we hjve ¢ N
2 ) .
479 4, 4 My - . y
o o ( A )(q = 0 . . (1_0)

. . . ) T Y
. . .
- . . ,
+

. .‘ , I\-
This is the basic differential equation for the lateral
\ out flow. Using this ‘equa&son Noseda’(l) obtained the expression

.

S for piezométric head as

h =H Cos® x va

‘where H the total heud and X = E%S— \

N

. s . ) ) ! ’
).h =K Cos"&” - . ’ : . QA
, A | ‘ :
n . . . . 4 ) ‘ . ,‘ o ‘
i ¢ The momentum &t any point can be defined as . - ¢ ’
v , T . . ‘
v Moo= RV T : . )
. B N o ' .
¢ M= po? 4 (12)
s . - N % .. .
E : L e g
L . substituting equation (8) in equatiaon (12) -+ - : .
r' . M . } ' - i o . )
‘, 0 - 2,2 . . b
L At zeh 2gh . :
“J e N < » . ) .
2 ) ' }
‘ | o = pita . 2ghe ) . ' - . (13) . )
S " Substituting equation (ll“)" in equation (13), C ' e _ |
> ) ' ‘ R « ) . zua , .‘ . ‘ ) »
‘ , Ms~ E- ma .2glt Cos! Y S . |
B L4
. L, . Se X W S
. = @° 2gH Cos ‘Te L L

.



. , R . 9 .

L T Boupdary Conditions at S = 0, h = ho', q, = uao /)Zgh, Q= \%,'
. ° ! o . 2 M - ’ ‘
. l -t S= Ly L= .ho ¥ %‘j_,?g » 9,2 wa, Y2gh, , Q=0 T . ’
I‘ ‘ ) . R . ~ - } “:
.o : .2 2 LJE ! - \
" }40 = pd’e 2gH Cos“ (. 0) . . _j - .
. - ) . . _ » ‘ ] . - ‘ .-r
e . » Mo - puU°a 2gH ., " .
= '( h :
- ' M a ¢ S . ' y ‘e ¢
S = 2 s .« T > A '
¢ T Cos (uA L L) ] (14)
ot [¢] . . A
. % . ' °»
' ' Ms R S -
— = - 2 — - ‘ S
. 0 M=Cos™(K 1) | . (15) .

B 0 j‘ . . - }
. ufere K = "¥2 |1 " -/ . o
v ' ' ! A ‘ - J

Poero» .

g r X
?’ S T . Equat\jon (15) gives the momentum distribution in.a/
' normalized form for the i)erfora'ted frictionless, pipe: Nr for
* . different a/A are plotted in fggure (8). * '
A4 N ' . .
e i . - . ., .
4 An experimental ‘investigation was conducted “tp-obtainthe—m————

informaticn on\tﬁe.effect of area ratio, spacing etc. lon the

‘e

-
-

) '\ ) - . ' ‘ "
momentum distribution and to evaluate 'the theoretical model. The

g ' B ‘ d . .

experimental work is reported in the follo’wing chapt v
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| ‘ EXPERIMENTAL STUDIES - -
PN b s U ’ ) .
Experimental Set Up | . : %
. . o ‘x‘t‘ M
- The schematic sketch for the experimental sét up is Shown in . .
. ' 5] ! ” )

4

<

3

.

’ 13 ;?\- .
) ) ‘ ) " Chapter IV - . ) ! '

figure la. The set up essentiallyl"cpnsists of:

. - I .
1) manifold tube ' ’ .o U - .

2) test tank -
! .

3) momentum balance . . : e

4) flow-measuring 'devices .-

" . . . e . M :. " . {/ A
/The manifold tube ‘ : ) oo . ~

+ The tubes were of solid drawn, smooth brass with one row of holes e

. - . s - B .
« of uniform size and spacing drilled alpng the length. The tube geometry .
. . ' i o R Y

A~

P g

is given in table 2. The ends of the test tube were connected to two .

equdl hi£ preé_sure flexible hoses, .‘Vithn the help of proper z;dapters", O \

-

4

which in turn were connecte‘d to the main/ supply line .throhgh a control “lalve and

an orifice meter. %valve was conqeéted at one énd of the hose to-block
A3

. the flow. The injection devices aresshown in figure la. The manifold.

. . . . - /
was installed in the test tank with the help of a pair of retainers T

. . | v i
(figure 2). The alignemert of the manifolds could be ad,j'usted with the

] - .
.

‘help of a pair of bolts on the t'op.of the retainers.
L

.
. - . ! . Coa e .
. ) 4 5 S
:

’ 4 f , i L 7

-

.t ' .
i:L) Thes Test Tank . ; . , -

" The test tazk (figures 3a, 3b, 3c) was 48" wide and.B " long. A baffle g
wall 2! high was used near-the outlet to maintain a constant head in’ T

.

' the ‘tank. The test tank and the -baffle walls were made of transparent
- L} . ~ ‘

v~

1/2" thick plexi glass. The tank was reinforced by angles around to prevent
. . ° ﬁ . ) ! | \ )

e ' L
- . R




possible buckling. As shown in flgure 3a, a beam (1" x 1" angle) and

) 1/8" thick steel platform were installed on the‘top of the tank.to,
N
L- secure the momentum balance, retainer and the pitot tube mountings.

3
- . - Y

.’ The whole set up was mounted on a_steel platform with casters for'pasy

; H
I N . -

.gmanoeuberability. . - - -

. .
[ o . .

» Ll 2

iii) Momentum Balance - Lt T,

-~ / o - I3
. Lin.(7) in his studies‘pﬁ counter jet, used a balance type device
to measure momentum; using’thezg\ye principle, a larger sensitive
¢ CoL e ‘1

" momentum balance was fabricated for measuring the’ total momentum for

[y

]

“the present~studles.‘ -

. ¢ Al
- - °
N D ‘. ; N\
® o N ! .
-
e . . . . . i
o -~ /¢ , Lo -

';’The balancé'gfigure 4) usen fof test®s was made of aluminum. A

, ., disk was attached to one end of the-horizontal arm and a rider was
{ . ’J - ) ' i$
- . attached to the other end to compensate for any ititial unbalanced

»

. . 6§nditions. The jet impinging plate made of alumipum was -

/attacﬁed to the vertical leg. ot

In the tests, the displacement of the te due to the jet Fmpingement
._. L ' i N - ’ -
¥ was counter balanced by using the weights on thé’pan and omentum

‘was read'dlﬁ?etly. ,

-~ ' 'Y ’

'l
. 1 . .

. Flow yeasurlngf ' ,‘-V T &

i). The total’flow was measured by d standard orifice meter set

~a -1 i : ,
- in a 2' main line. The gtifice meter was installed ten feet away from

the main valve and eiéht feet- from the control valve. v : l'

-

\ i i1) The®veloctty profile due to jets were measured by a pitot

.

tube. An inclined manometer capable of reading up to 0 002. inches was’

-

- + ‘o




® . . ' B

- R
i l “ .. ‘a » R ’
, . ‘ o \ ‘ -
« IR . .
o’ , . - o? ¥ orS . . * L
The orifice meter readings and the indet pressures were recorded.
‘e . .
. - l . \ .
The momentum balance was a§ed to find the total momentum. Appendix A ~ , o

.- used to.measure the vélocity head . . ' \

A - [ v

1ii) The entrange pressure was measured using two systems.

Pressures less,than 2 psi wePd measured using a pizométer and

’
’
; e

higher pressures were measured usiqg a standard pressure gauge. ) .®
NUUSRAN ) B - .,
Test Procedurgsr’ . . L A
T e g 2 ' ) L.
° . The tdnk was levelled before each test. The orientation of <

- s

the jeé was checked by observing the free fraw of water through the
perforation. Adjustments to the alignment oY ‘the pipe were made to
keep the pipe horizohtal. Before starting any tests, tfappéd air

- from the system was completely bleeded out.. . >

- -

In a typical test, the outfétwvalve‘wag regulated to‘g%ﬁozbaq
arge

desired flow conditions (two way or one way flow); ‘a known dis

was passed through the system. The velocity‘pf;?ile was traced in a grid &
- M € 3

PPy

of 0.2 inches veétical spacing and 1.33 inches horizontal spacingfp -

~

' gives the summary'of data from various tegts.

' ) ¢
M -
/ ~ \ SR
. v . R » . ¢
. N . " . . . ‘.
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. DISCUSSION OF RESULTS
B 2
'&;.

" CHAPTER V

- . P . -~ .o

Since- the frictionless model was deriﬁed assuming no loss condi-

tions, it is essential to verﬁfy iés'valigity of»tﬁe proposed modﬁlﬁJ

-

[

} ‘Some préliminary computations \ere done for this purpose to cover ‘thé

following aspegts. -

'i) Comparison of meésured static head and theo;eticai

static head.

\ s

- .
N .
4 o : v .

. . ) . »
As ‘explained .in Chapter Iv, the entrance pressure was measured directly:

at the entrance. Since an aéapter waé used at the entrance, the pressure

L -
agtual entrance pfessure using Bernoullis'

.
- .
L

.3

.
. . . Y ‘ .
v . .

]
The theoretical entrance pressure is compuJed using the equation.

i -
h ‘

. {11)

td

‘.

4]

Ihe“r sults are tagulated in Table 3. A graph (figure.S) is-plotted .

o ] R
‘using h computed vs h Observed as_ the variables. The results appeared to

< .

Jbe very satisféctory.--:

' .'.

- -

LY ' . -

11) Comparison of- the total éischatge measured and comqued:—

-

’




The validity of the Jnociel was aTso verified using one of ~

, s Noseda's (1) equations'for\the ‘rate of flow. i
’ ’ t ) K R .' . e ‘ N
¢ 1 ’ - o . - S . ) -
-, 2gH Coud L -
S ‘ Q" 2B sin (e N ady
. ' Q' N ':') N ‘ . ‘o . - v , .. . i

‘_Assuming a=1l, Q@ was computed using equqt}on (16) 'and comp'ared ‘

.

1
with the actual discharges. Actual discharge and computed, dl‘ncharges

3

0 are tabulated in Table 4. The results are plotted in f‘]guté/f) The
* . ) {

[ . . . .

N “hesults are satisfactory. . ' : ¢

. In view of tﬂ‘he ‘abpve:resui'ts\ the validity of tihe mathem‘a:tiocal

model for short pipes in which frictidn'can"be.negﬁéiblg is .
. . : . - AN
' - ¥
‘established. , . e
- * VoAt Al a
| . - . . . '
B ’ e ]I . '
‘ Momentum Studies ) - . . C . ' "
- ‘ Y [ y °
o \ The momentum at any section may be' defined as[p v d\fs C .
~ whiich is the area under the- v2/2g curve, As describe\d ih 'the previous

f ' section, the‘velocity' profile'was measured using the gitot tube. THe “

T area under the curve is calculated assyming l‘inear variation of - ¢
ta ' ! B W~ él .“ - 1
- Lo N momentum. Actual momentum of..each position is computed using a sfmple
, computer program. \ : L /’ \
. - ) . o . o . - 0} .
L, . .

v . . .

Tn thiq project four different manifolds of different a/A

.

ratios were used. A total of twenty t“reo sets of velocity traverse ’
» . ® Y] ‘ . ~

—
L4 Y 8 .
- \e were recorded using the 'above manifolds for differeént ,d'ischarges. Be~
. -~ . * ‘ . . - ’
cause of'the high sensitiv:ftyq_é’f the inc'lined manometer, the velocity
~ . 1 " ‘ : . “ Toe
¢ b distributi\on could be measured very accurately. Data-and results of

v .~ five sets-of velocity traverse are ‘giveD_in F\Spendix A,




+ -

.
2 “

° v measuring the direct jet.impact on the balance. Total momentum was
o . measured‘gor all the 'twenty thrce above cases. The balance used for

Ny T B L4

)
: ~22 7. .An enveloping curve is also drawn (figure 7) to find the deviation:

-~ ¥ * -

-

»
the momentum graphically estimated.

| THEORET ICAL MOMENTUM DISTRIBUTION

'
t
\ te

! ) To study the effects of jet area and spacing on the distribution

of momentum along the length of a manifold annon-dimensional equation is

3 Iy 4

|

|

| . .

| : )

|

|

| derived. (equation 15)

\

X S Ms 2 K
‘ \ i.e. Mr = "Yo = Cos“(

&

L,

’

. w

is-almost uniform for smaller., value

a . -

SRS .
" tum distribution becomes more and

e momentum distribution is not possible, the mathematical modhl is not

}satisfactory for values of (K.i-) >§

~ T
. ~ ..
1 N -

'+ EXPERIMENTAL RESULTS

o

" T Two typicél examples of actual’ momentum distribution (one way flod3

along the length of the manifold with an area ?atio of O @5 and Q.17 ‘are °

plotted in figures 9:.and 10. The momentum distri ution 15 more, scattered in

the first case than in the secord one. This is due ¢t

v

as area ratio decreases thé momentum distribqgion ’

A check or the integrated value of momentum was obtained by

g
|
|

1 ' »'. 4 .
- the 'tests was clpable' of measuring 0.5 gms and maximum range was about
N Al ‘x ' J
ten pounds. The total momentum measure? using the pitot tube and-the
balance, is tabulated .in Table"5 and the. results are plotted in figure

|
|
: . from thimexpected risulta The maximun deviation in the result is only
- " 57, °In general the momentum measured by the’ balance _agrees fairly well with

-3 ) . . *This equation is plotted
in £jgure 8. The results show that, ‘in genetél the momentum distribution
of a/A. As a/A.increases the momen-

re-non—uniform Since a negative

the fact that

*



.
)\ .
. o .

) becomes more andymore uriform. The theoretical momentum d{sqribution_

»

of manifolds whose a/A ratios are 0.35 and 0.17 are also, shown in figures

Pl i

9 and 10 respectively. Cgkparison between the experimental data and the
o ]

L
: ‘ theoretical curve substantiates ‘the validity ogzihe theoretical approadh
? M .
chosen. S " e . .
. \. 0 . . 1‘ ) . a o ¥

-

" . - . . ' P q
* . As mentioned before, the mathematical model is'not satisfactory for

s * M

values of a/A in excess of 16. This tould bé’seep’in~figure 11, which is a

.

typical example. In this a/A ratio is 2.8. Figures 12 and 13 are two typical

. - { :
momentum distributions along’the length of the manifold for ''two way flow".
- ‘ . 3 ’ + R ' . )
. The theoretical curve is plottéd by assuming a single "two .way" manifold as’
< * . . t '
two "one way'" manifolds. The results are found to be-satisfactory. In general,

] . the'moméntum distribution of "two way flows'-is more uniform than that of
. . [ . . ! .

"one way flow'". '

.
I i

- . ' . e
“ - . .




SUMMARY AND CONCLUSIONS !

9 _ -

- ’
.
- - L)

The present study deals with the effect: of, area ratio AT and

spacing rdtio’ 8/L ’'of jets on th\wmmentum*dié-tributién along the

[ )

+

7 length of thé manifold. ASmathematical model is derived assuming no loss

.

conditions®for a short pipe with unifdrmly spaced holes. Experiments

.were carried out in order to verify the theory. To this‘end, a jet impact

. "

tank/hous,i:ng a ba].anée to measure the jet momentum was developed. This

equipment was tested and found to provide a simple neans of verifying the

theoretical model for the'ma'nifold.

I‘G r
. ~ . .

Fairly unhiform momentum distribution could be obtained for ‘iaipes

whose ‘ratios arer small. (Ar== 0+2)  The momeptum distribution for

"two way flow" is mote uniform than, that of "one way flow". .

. During the 'expgrimen“tal in;zestig ion, the' mome:nt.:um.was measired .
' bv two methods: Ca) using the ‘p:t‘:okﬁgg(b) ‘using the momentum
‘ ' Bal‘ance. The mom;anttim measun;,men,t. using the Qpitot. t\ljbe is a _t:edip{xs
! procediare. The momentg::\, balance ;hat has been deve:loped measufes |

° ., - ., s
the total momentum fairly accurately~and othe, procedure is simple.

A . — f




SCdPE FOR FURTHER WOﬁK'

LN

>

t
!

-

' _ The main objective of this study was to find the effect

A3

of je& area ahd spacing on the momentum distribution .

, . ) R
along the length of a manifold. This study was conducted . ¢
A o . St

o -
assuming no loss conditions. Furthé< studies are rec-
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Appendix B

Y

f

A) °Calculatiop of pressure Ps - at entrancé to the manifold

using gauge\presgur.e,Pl (observed) .

-

- o ﬂ ‘l_&

° Az, P2, V2 ) A3., Py, Vi .
l - ' '
= 0.625 Did i -
. .+ =0.748 Dia
N e

[
> -
v

Figure °B{}
L4
AN .

The foltowing relation holds for Figure By

)

o 'Pz + V22 = P3 + V32 ’+ (Vz - V2)2 "u
—_— —_— N —n"
Y Zg Y. 2g 2g
and Q= Vo Ay = Vj.Aj
. r

DataN\ N H ' i""l

'Q = 0.0251 cfs .. Vp = 11.95 Ft/séc. Vs '= 8.1 ft/sec.
» : - )

s

g_];_ l’ 5071 fto . l v
Y A ) ' t s (

4
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ot
B) Cémputation of h. Theoretical ’ \ . . .
. R ,
. L4
For a set of conditions given below hecan be calculated as o .
. follows! .
' : . !
° The following equation from Chapter III is used.” '
0 = Cos? (ua ) o . - \ *
H A ' | : P ' .
. W= 0.61 $=1,33 ft. a = 3.5 5\: ‘7.7 fr. '
. - A e , ]
\ 4
: | . h t' 681 fe. - - .'
\ ]
. 'c¢) Theoretical bischarge Calculation i ' . r
-~ s ' , . N . .
[ i A . ® - : ) ; . )
A - Theoretical discharge is calculated using the following relation-
ship given in Chapter V. s oo - '
\ a . ' l N
| . Q= A Y2H Sin (pa L) (16)
i ’ <@ - o A’
| . ‘ s
| - - -
\
‘, " A= 0.0305sq.ft. H= 7.7 ft "y = 0.61 ) .
- a = 0.35 L= 1.77 ft.’ o ' \ .
P : A . ¢, ) : . . ' » ‘
M ! . . ‘\ \ .
v o ' Q= 23.1 cfs. , . ’ . . \
. : ' - i ’
. \ \ B L[]
Q v r €
. \\.. - . ] - _
» ® . - . ‘
, o ' \ \
: ‘ ' ' S A ‘
¢ 5 » ¢ }
1 tod
. ‘
. N ) ’
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