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. '« The object of this development project was to design, instal
. and test an ;zxpe_rimental set-.u"p which Wdould pernit a study of .;he- ‘
. . , L . < : v
: flaqw characteristics‘ df a léteral orifice housed’ in a pipe. The lo*-
. ,t:erm obj,ective was to evaluatebthe discharge coefﬁicients of ’sharp- .
- " edged lateral holes set in the wall of a- smobth pipe cousidering the
. relative hole diameter ratio a/D and the velocityﬁad factor V2/2gE. :
The equipmént desigued ﬁaé £0und to~operaté sqtisfactorﬂy) o
" a few empirical relations for the lat.'etal ‘orifice diacharge coef- ‘ '
ficients were established using the results bf explotatoty tests.
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§ . The Manifold Prcbiem > . N ." ‘\ ‘ o .
z LT . In engineering design, a s"ingle manifold is often required to
z 3 . . | supply a fluid to 'a set of parallel pipes orud;.xcta or to discharge s
' ". : l ; through numerous - openings distributed along the 1‘e.ngth of the manifqld. 3. .
S, ’ o This design concept is adopted in s;veral appiications such as fJel o ;;
" t ’ ‘burners, sprinﬂler systems, insecticide 1s)pr:aying_, water filtration . ‘
! . | l\ts, waste disposal plants,‘ heat exchengers and air coolers. s 7 .
o R - ‘ ‘. ‘ ‘. ‘The commonly en;:ountered design p‘mblems are: - ' : - . ":
oo o - (a)' detemination of the distr&bution pattern of Outlets -
. I S (size and ‘1‘ocatio'n). for a ‘predeﬂt‘emined’flo_w patt?rn e
S - - _ | o along the length .of the .main ~p'ipe- * - a - .“ .
. ‘ (b) det;ermination of the discharge and head distribution. ’ ’
: . “ ‘ . o &t the out])et locations for a selected geometric patbern | ’
Lt : ' I  of outleta:"‘ o ‘ uv o T ,. ,’ \
: ] ) - ’6’".'&') . ,~‘\{' “ . ,‘ .
) - Statement of the Froblem “ ) o ' o .
¥ ’t K ' L . . ‘Figure 1 sho‘m achematically the flow through a manifold having
. f “ 'a length L, diameter D‘ hole spacin y 3l:ole diameter d total inlet .
2 X ’ ! \\Y flow Qil: outiet flow Q,, initial flo veil)ocity Ve and jet veiocity Vj 7
. . ; ) . It was'suggested: thaf the factors atrong’iy governing the flow' e
) ) 1 < from each indim orificg. are the trangverse_ pressure gradient, |
f o o . d .orifice geometr)", conduit. etry ‘a‘nd the velocity head factor (see' o J ?
- O i '  Fig. ,2)\,-’ ; | o | R | :. S . ..,’: R | . ) .
; . . . . . ‘ . ) . .
,!{ l'i\',, | ~ . . ‘o . - _ o - :

A
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(a) - "Pressure Effects o . ' o -

’ . ., % v
. . - + L ~

It is 611 known that both ine{lila and ﬁtg:tion effects deter= 7 |

- .

mine the flow Erom thet mahifold. -As.the -£lufd flows -out through the:
~openings, -the v;ﬁ&‘y head In the main pipe’ 3ecreasee~ and due'. to the
édneerva‘tion~ of ‘energyt, the fluid pressure ‘increas.es On the otlier '

’ L4 -
/ hand, friction effects tend to decrease the pressure alorng "the 1ength,

of this manifold (Fig. 1) The combined effect of’ t:hese two factors '

. -

" determines the differential pressure across the outlet which‘controls-
I

g the flow through the' 1at:'e1ja1 orifice. R ‘ " -

s " . +

(b) = Geometry Effect:

v

Pipe and orifice geo;netry, such as shape of pipe, shape of S

. .
. . . .
\ N . . -

\'orifi;ce; size of orifice and relative thickness of .pipe wall (t/d),.
\‘ 'number of orifices, 8;3;'c£ng, etc. are the geometric parameters that
LI . ) . . N A , ' .

ipfl_ﬁence'tf\e outflow characteristics.

.
. . . ' . . e
A3 . . - .

(c) Tangential Velocity Eff%:t-

o It was found that the tengent:ia]. velocit:y of main lflow at the "

B
. EA T
N, . .

“outlet loz_at:ion affects‘ the outflow considerably Little informatioh )

-
3 ' ey

is available 1n thls area of' fluid mechanics Furthermor'e most pape.rs ‘5"

:)\
dealing with the manifold problem have" failed to reczggnize the 1mp® T

? . Yo

ance of the velocity head factor v¢/2gE A ) ' ) .

. aTo 8 udy. the above ,eff‘ect:s orr the discharge coe fic‘ient of a“*lateral

tests, a ,few tentative conclusiqns are drawn. , . _ - .
. . . N + :

¢

'
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. . D, *Tfésﬂhm,“sh

’. Keller (1) revipwed Malishevsky '8 wqu and_ attributea the dis~

%
factor obtained by calculations to the variation of the diacharge coef-

o~

“Eicient. Nevqrtheless, while dealing with t:he solution of the manifold

problem, Kellér .assumes that the coefficient of. discharge Cp of the

1

holes is constant. He alBo recognized that it: is quite ﬂpossible that ‘tHe

rgcl_ist:ur:bcd -entrance conditions at the manifold otgf-icea may cauae a great

. . : . . .
variation in the value of Cp for.each orifice.. Additional tests were

»

recommended to determine- the disch&rge coefficients.

-

Noseda (2) inttoduced a method of solving the manifold p;:oblem .

and provided sope experiment:al data on. let:eral oriﬁice flow.‘ Accox‘ding

') .
to him ‘the mean coefficient of discharge for a ceftain manifold as

" defined by the equation): . P BT : ;

| - ‘ ' o~

i} w. S : ' R
varies ds a function of the. flow. ‘ , . . )
In the above equati.c;n, ' .
'Q .is ohe outflow § “ . - - ‘ .'_-
o I} the coriolis correction, fa\cit:oxl t“.' . <L .

: crepancy between Malishevsky 8 expected friction factor and the fricdon :

»
.

- bl )
° . N
¢ r

.
[}
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Molz (3)‘tested a section}ﬁf a perforated/pipe in order to . ;

s\ .

3

N

det rmine the relation between ‘the outflbw w h~both pressure and axiel
velocity. The resulta published show that or a given pressure the

-discharge is a function of the axial vélocity Hé also concluded that

\

- the qpestion concerning outflow from a pe foraged.pipe-requires

experimental dat4 which provides the rela fonship Q = Q (P,V)..

, [
. Bajura (4) presented an analyticgl investigation of the

performance of flow distributton systems for both the 1ntake and the

exhaust manifaolds, a mathematical model in terms of momentum balance

-~

was éuggestedJ'Numerical solutions\were obtained and compqred with

s

ergerimental daSa;vdtmensfodless parameters characterizing the

.

performance of manifolds were formulated from the analytical model

the individual effect of discharge coefficients was not evaluated.

' Rawn (5) presented a solution for a typical manifold problem
using a variable discharge- coefficient based on an extension of a
;gietical enalysis presented by McNown and Hsu. " : N ‘

- Vigender~(6)‘deternined‘the‘ealue of the coefficlent of'dist

charge by modeling the flow inside-a corrugated pipe. An open channel

flow set-up was used in his studies related to the discherge coefficient

"

.of .an isolated lateral orifice. The results he obtained were very '

1

valuable although onké cannot apply these without reservations for

*

sharp-edged orifices set 1n the ipe walls. 1t must be noted that-his

‘ tests were conducted to simulate a field installation in which the

corrugationa were'present in the main pipe.

-

Cad
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' Michell (7) presented a number of cases of the efflux from
the side of a channel. A two-dimensional approach to'the fiow /7
encountered in manifold was éiscpsse and an equation for Cp was

derived. . C . -

.

McNown (8) has a@opfeF the free stream line théory to

e

L]

: . R \ :
- lateral efflux from a’two-dimensional conduit using conformal .

.

transformation to obtain splutioﬂs'of\a free efflux and for an

e{flux,with_é.barnier;1n~theaforﬁ of a Hownstream lip. élthough

- ‘the analyses are restricted to two-dimensiqndl;ifrotational flow,

' they apply well to pipe manifold systems. Caomputed curves for

different lateral diameter to conduit diametér ratio agree well

with measured loss coefficients.

L~
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'r. thin-walled pipe, the rate of discharge can be written:

.
. N =y
D i P i Yoo > W

. “ . . .
- - N N v o 1
- . . N s
.
»
<~ . . . “
- i
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6 ‘ ¥ . i .
. \ . . . N )
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M JA N ‘\‘T\
'~ EXPERIMENTAL SET-UP AND TESTING PROCEDURE
& . < . 4 . .
. . . - R : . ;
Discharge Coefficient Cpp o ‘ . - * _ .
: _ L _ X
The rate of discharge from an ‘orifice or point in the side of a ’ A
pipe 1s expressed by; . ’ - '
Q-—CDE a VZge. ‘.. e ‘ .

in which’ CDE is the discharge coefficient, a denotes the cross-sectional

<
i

area of the port and E is the total head R . .

- v n \
For a given digmeter ratio d/D the’ variation of CDE can be . Co-

3 » ¢ e .'- R4
expressed ‘as:

CpE = Cpr (Re,_ V2/28E;’> t/d; 'f) "2)

" where g = Re pipe Reynolds number, .V2/2'gE = 3= velocity factor, o

. R "y - ’

t/d = wall thickness factor, (13 a'variable denoting the shape of theﬁ' \/
.o . " \ R . - . " . . - . ~ A .
pipe and {is a second order variable denoting- the approach flow N . '

velocity dist:r:i.but:i.on.c c EEE “'

The effect of Reynolds nu:nber on’ the diScharge coefficient is

f

considered negligible when thg former is vety large (tugbulent flow).

/s

Further, for- small t/d values, i.e.. for orifices in’ thin-w&lied pipes,

’(- . o

the eont‘rcfl for the o.rif’i‘ce flow will- be at the sharp-edged -entjnce,

and the flow is 1ess 1ike1y to reat:tach to. the oriflce wall. Consequently,
. > a \
the parameg:erﬁt/d does not have a large effect on the value of CpE-
1 -

‘Hente,’ for a small individual, sharp-edged orj.fice in a giv'en
./ h

v

-

;
|

RN

. . Q= Cpp (vz]zgé) ’a‘f‘ 2gE
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v T(he following are the physical dimensions for test pipes selected -

for the pteliminary e;épenimental wprk conducted to determine “CDE (VZ/ZgE)

S . ‘ .. 'n o :n)‘ ’\ e
mee e e’ an s
1 ﬁﬁ‘ T 512 . B | ;5§z.g.x"f~" /580 ‘f' "L o625 .
2 . o T asa U lsas L0625
‘3 Fos ) ';soo o 125 '3‘ *ﬁp‘..gso - Lok25

4 e ugs0n T s o 166 . w0625

, Experimental Set-up and Testing-Procedure

< N . o >

J

A eentrifugal pump was used to cireulate water through‘ ﬁlexig'lase .

test; pipes. in each of these pipe_e a hole was drilled and hahd-reamed
\]
- - To reduce the entrance efféct sufficient entry 1engths were

N
o

provided ahead of the orifice. The test pipes were apen at both ends )

. and carried pressure taps at 3 inches spacing (Fig. 3).

-

\. The pressure.tap@ were connected to a manifold which in turn was

linked to /a manometer. The test pipe was installed horizontally, ‘t:he

a

_orifice was oriented to have a vertical downwatd outflow. The experiments

3
3

were conducted as follows: . .
. ’ ' s s 3

The pressure upstream the pipe vgas ad justed by using an hpstream
. v . . ‘ [ '

‘o

shut-off ‘valve. ‘I'hree ranges of pressure were selected. Different down~ -
N . o NI
stream valve 3ettings provided a range of discharges through the exit

‘e P -

-,

J

pipe which in effect provided a range of velocity head factora. _
The »pressure profile was taken along the pipe length for< each run{

The preés,v)re at t:he oril’ice ‘location  was determined by extrapolating the

ient to the orifice 10cation (Figs 10, 11, 12 and 13). =
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The flow out of the orifice was collected in.a container for a
3 v
13

_known time and later weighted to"determine the discharge rate.;‘
The flow out of ‘the exit pipe was’ dettrmined by noting the rise
of water lesel in a large collecting tank (51.5" x 48" X 36") during a
kncrwn period bf time. A stop-watch was used to ,betermine the time inter-
~vals. The tests were repeated for different velocity head factors. "For
this, the pressure gradient across the pipe was changed while supply .‘ ) g
head pressure was- maintained -at its initial values. \ ) -

‘ o ' \ . .

.
3
.
. . . B
- . . . ‘ .
N . N =
. .

2.
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’ DISCUSSION OF, RESULTS -

Jest Set- up

-

-
oo

The test. set-up was found to perform satisfactorily and the,
\

e,

test pipe sizes were properly selected to suit the pump discharge l

capacity for prbviding a wide range of Vv€locity head factors. However,
3\ ) . L

the tests were conducted-in less than optimum cdnditions as fa# as

. ;

pressure measurements qere cbncerned This was partially overSome By‘

providing highﬁf damping in the pre{sure lines. Ehe various definitions- NI

'related'to the experimental data are shohn in Appendig No. 1. A specimen

computetion is presented in Appendix No. 2.

o,

~

Discharge Coefficient CbEaversus.d/D ‘

*+ The éxperimental results have indicated that, for a given velocity

. , - : oA :
head factor the coefficient of discharge of an orifice is dependent on

the diameter ratio d/D. As an egample, for velocity head factor V2/2gE = 0,

_with a value of d&/D = 0.9, cDE = 0.67, while for /D = 0.02, Cpg =.0. 605.

This t;end can. be justified by the effect’ of pipe‘curvatures on the wall
guidance of the jet flows, as d/D decreases the contraction in the"plan

perpendicular to the pipe axis increases It should be noted that .as d/D

decreases to approach zéro, the situation approaches the case ‘of flow

e

‘passing a flat plate. and Cpﬁ decreases to. reach the value 0.61 (Fig. 9).

o !
o

Discharge Coefficient CDE'versss VZ/ZgE

R

-

S . R . . . AN . . ) B .
‘?hejggsnlts show also that the dis%harge‘coefficient for q~given‘

- 3 Y - P .- , .
diameter ratio d/D is dffpendent on the velocity héad facter v2/2gE (see

-~



. \was not noticeable, as one might expect. The values of CDE obtained for

s - ' I.. ) . :" ,&‘
Tables 1 2 ‘3 and 4). . As. an example,for d/D = 0. 58 the valne of CDE is.

11

0.67 at v2/23E = 0, while at. VZYZgE = 0.7, decreases to 0.24. -
DE ' . *

“The relation obtained for the variation of Cpp. is a straight line Tt
equation. The constants of the f‘%tting line .are dependent on d/D. The - Ce

above can be justified by increasing the main velocity inside the pipe

which increases the jet angie and xeduces the cross,-sectional area )

- S W . ./ .

normal to the velocity factor-{Fig. 8). o \ Ce ' X
. . 4 &, . L - j‘ . . .

Variation of Cpp with t/d Yo s ST

" An attempt to evaluate the effect of the wall thicknesd at the g
‘orifice. locations was. carried out. Half the wa11 thickness of pipe No’ 2 «
"
at the orifice location was removed anQ,a set of experimental teets was °,

\ . e

‘carried ou't. The points’ obtain‘ed were within the scatter of the results S

with no generdl trend. ' ) . - ' . C om

Variation: of CDE withP T S -7 )

SO - . . ¥
The effect of pressure in the main pipe on cDE for orifice outflow j'

[y

different ranges of pressure’did fiot display any'trends. - ¥ = .
' - . -f ',
J‘etAngle SR .
"+ The jet inclination to the pipe axis increased as the main pipe. T

veIocity increasted No detailed ‘jet angle measurements were ,made_s‘ince .

n

the jet sometimes came out as spray (Fig 3).’



L

"interpretation of earlier avail&ble data

~

“ lateral pipe orifices was £ound to.perfoqm satisfactorily.

PChedpte

\ . CONCLUSIONS AND SCOPE.FOK
. . \ o . . .- . .
.. ’ , ' . . * N . ¢
Conclusion i B S v . ‘

°

-

The equipment develo;ed ‘to study the discharge coefficients of

. ]
»

DN
~

The following,conclueions are bresentea on-the test results and -

- N v 5 \

N

The coefficient of discharge of a lateral oggfice CDE is a -

function of the diameter ratio d4/D, the higher the diameter ratio the

’) &

‘higher the value of CDE The coefficient of diacharge of a aharp edged

“orifice in the side of a thin- walled pipe is ’lso dependent on the main

~pipe velocity factor V2/2gE the governing eqyation can be" approximated

. By a straight line of the following form- _ K f. L

2
» i
N

S SO . -A-B(V2/23E} oo

whe{i;f—izz/B‘are Fons'ants~for a giyen d/D ratio., ’ ) ‘ ." v
varietion of the coefficient of discharge with the velocity

factor dqes not depend on’ the absolute value of - presaure drop across the

»

orifice for (the r’ange of reference pressures teated 'Ilhe effect ofjwall

thickness t/d on the coefficient of di charge CDE was found. to be very

' 3mall end withinlthe scatter of resolts. The jet angle of: the outflow\

>,

through the orifice increases with the inérease of velocity factor. -

Although it was concluded-that the effect of‘&all thickness is snall in

"
2
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3 It is” expected that round-edged orifices will have a higher

H

coefficient of discharge compared .with the sharp edged otifice. A

“ ’ M N

series’ of‘ tests where a round-edged orifice is used are rectmmended

The results obtained for single outlets can be used toward

~

PR . ’

o dbteining a meanin’gf‘ul so-lution for the thermal 'diffusio'n goblems’-

z . > + .

- since the area distribut‘ion for a given fl‘bw can ‘be adjuqted in a

.

multipo;t system The effect of Reynolds number based on. outlet

"\ -v geomet.ry (fig. 14 & 15) can also be studied to improve the predicted

' \ . . " i\
B
outflow characterietics. ' ' N
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Cpe - Discharg coeffic;i-ent: defined by the e uatibn \Cpp' = Q-
jaxgp coef] 1 % = SiFhE

. APBENDIX No, 17 - T - . LT

5 NMN\CLAT‘IIRE - : . . ‘ :(L. N . i ‘

D . " Internal pipe diameter inch| . e v .

d R ﬂole.d_iamdter inch  °.
. Hole crbas*s.ec‘tion,qliare‘a aq inch ' ] ‘ T
Piez_o:detric_ head at holegoc'atioq inch of mercury above .

.t >
[

atmdépherié prédaur‘e

"X ‘Diacharge through the hole lblaec. S ' C .

? . "‘Rate of increase i.n height: inQe water collecting cank cmla.ec

.
Qeh . Theotetical hole dischar;ge cu. in/aeC- . )
QA< o Actual hole discharge cu. in/sec- a s ._ - ' *
i ~QQ Main pipe' “out flow discharge . ) | . -
" Cpg - Discharge coefficient defined by the. equation CDH* -9—‘%
. e . 0 o0

4

“ v ' Main pipe ;;elocii:y dow‘mat}eam-of hole fF‘/Qec. Vs
. . ‘ ) \ . - B .‘ . - N ° . N
) \f V_el'oci't: head fac'tdr = om— ]
* ‘ "“ ) 4 2@' .), - ¢ g ®
RN . : .. .
K3 TR Pipe wall thickness inch ’ T .
P ’i‘ 'Preesure reading inch mercuty Co N T e -
~ Y a * . .\V‘ LI ) ¢ . .
Py Zero pressqre rgadﬂng inch mercury . . , ’ e
5% 1‘ ‘ ‘ B ' .
'5‘ - _ s .' ‘ .
R . .
I‘\ “f|
- ) . . , ' ! . ‘
. / N ‘
. o ) _ A




« e

W -
’
- -
L
[ ]
E
-

\ ~ ‘x ' S ,r ‘ 5 . B
.l' . .14 ‘ E . . . [y ‘
o R - 1 , / g ’
. __ APPENDIX No. 2. . R
;Qa B - \;. C, L
. . : srpecimqn Computatiom o ' ! . " A
- ) Run Mo s07ZiA-2 2 (P15 u ey, . - A
Ad .‘ l\ < . -, * t R N -
. ) - b 1, Pi‘pe data': L ) SRR ' o s .
[ (‘ . , ." M . ‘.. . . . he . [N ' - » l '- 8, .
. ‘Hole diameter d = .25% ' R ?
- 4 \, “ N Pipe .diamgter D"-.: . 75" . - ~
s d/D .25 . ‘ 3 \C ) Ce. e o
. . = —q-s .*‘ -3 3 - L . R ’
) CoeT ‘
‘ l <2, Collecting Tank Dimens{.cms-
b , 51 50 x 48" w6 O i K
N A SN 1. . 51.5.% 48. . ' '
_— . Tank 8 rface area, ——.-m_ 17. 1f>6 .sq ft.
. 3. Containex: Initial Wei'gﬁt = 2.25 'lb : B
- ‘ ' ‘ Presswre tap no. a€ hole lbcgtion =11 g
4. Obsetved Data ‘-, j,/’ ) " ' L -
T Discharge thro.ugh t:he hole Q " D
, @ ‘ 19"75~225=1751b in 43 sec.. . T
. ) .
Flow out of the _pipe Qo ' ’ Co )
LT .10 ¢m risF in tank in 65 sec. ' ,
. / : _,Pl"‘e'ssug’g Gradient (inch of xi‘lex’:curx)'
‘ Hole lo‘cation; ' D A Hole location P .Ht;le location P
N~ o - - 0 . -
.1 35.90 .6 28.60 .. 11 . 23.30 -
. N <L N S L
N y 34 75 . ‘7. - 21.10° 4,12 7 21.30
! * ‘ ' . N v . -
T« N R . . . . - . .
\ 3t L 32,604 -8, . 2010 - 13, - 20.40 ’
' ’ ¢ ‘_ et N , ' < RN ‘ S N < '
) S 4 . 30. 70 o9 25.20 0, 14 1.20 -
: s 30 65 00 24,70 - 15 20.00 SR
. e . - Datum Reading P, + 1.65 ’
. S . S ~ .
., . . '. P e ) ' oy “ .
IR L Con o
' & L ' .. v . -
: - ,I M - ”/ as ‘ ) A i o
L. N , Y -
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,} . ©'* Corrected Pressure-Value at Orifice Location - seé Fig.1l

L

20m - 1, 65""=-1.8'35"' g DR e

2 . :‘;~ C
',QA.- 17 5 x 1438 10.8 cu.tn /aec. N

%msd ’=’-Idz rxszleabxnxh'

.1(25)2 /zxszzxisexuxlass

a
T,

e e o 04906 x. (192800 .
' = 0.04906 x 439 L
:= 21’.5 g:u.in./&ec

. I

chu= A= 087 sm - L

Qrg . 21.5
- L. ‘ R . i R
OCutlet Velocity " ft/sec. 2 E

v = 4oy 4&17166x10x12 o = 28.61
FD2 nx254.x65.x 75

t - . ’ .
= 821 ftzlaec L ‘ -
|| .- : . -
f@ v2 821 x 144 Y
231! 2x322x136x12x183 :

[

_613.. : -
? "'-F'I 1.613 380 ‘ S :
Cog = Cp V1 - .613 41 - .3's'o

'=.613 .2 =39s
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_ * Table 1 . o -
| REDUCED DATA FOR PIPE* NO 1 . - S
X 'PIPE'NO 1 N L Ll
©, D = 5l2", d= .297" -, s
a/p "= .58 - | . - " (s€e Fig.4)
‘ - K . . : o 2 - ‘. ' 5
] RUN NO @, % . ‘ly f2gi  Cpp  V°/2gE
‘ — : —— —
o TN "72202A-1 26.66 , 39.35 . .678 0 678" 0
« o, " 722.2B-1 20.74  31.56 .656 0 .656 0
- .'722,2c-1 14,90 °22.30  .668 0 668 0
‘ 805.2A-1  23.58 35:89 . .657 "0 ' .657 0
s . - 907.2a-1  23.54 35.79°  .657 0 .657 0

907.2A-2 . 19.80 ' 30.58  .647 -.064* 627 .060.
805.2a-2  19.99  30.14  .663  .099 ..632. .090

| 722.2A-3+° -19.05  32.17 .591  .I45 - ° .553  .126
.. ' 722.28-3  14.31 25.32  .564 .173 ~ .520  .147
S 722.2c-2 . 9.6® ‘16.76 - .574 . .198 .523  .165
| ' 907.2a-3  15.78 ° 26.57  1.594  .230 .536_  .187
» . 805.2a-3. 16.42° 26.64  .616  .25i .550 .200
. © 805.2a-4  14.10 - 24.38  ,577 -.397 . . .489  .284-
907.2a-4 -10.80 - 21.07  .515  .756) . .39Q  .430
' /805.2A-5 . 9.41 ~18.78  .501 1.060 - .347. .514
© 907.2a-5  8.58. 17.54  .498 1.272 .324  .560
722.2C-5  4.34  °9.13 ° 475 1.790 - .285  .640
©907.2A-6° - 7.01- 15.58°  .448 1.943  .262 ;660 ;.
_ .0 901.2a-7  5.74  13.23 © .432. 2.803  .221  .737
' 907.2a-8  4.89 °11.96  .408 3.500  .192  .777
. 722.2B-5  3.36 10.17 329 4.040 ,147 . .80L
N, _722.2a-5 310 10.39  .298 6.580 ¢ .108 . .868.
' ' 907.2A-9 . 2.99 8.40 ~ .356 8.200 1177 .891
. 805.23-6  2.58  6.72 . .383 13.720  .100 932

*# FOR OBSERVED DATA SEE TABLE.NO. 6°
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Table 2 ' o S
R K : .- ©
| REDUCED DATA FOR PIPE* No 2. _
¥ - - ~ .
. PIPE NO 2 o S -
D~ =.75",d=.25 =~ ° a SRR
4/D = .33 _: o - - (see ‘F:_lg\..'s)‘
RN No- . Q, | Qg cblii ' 'Vz_/ng'. . Cpg v2/2gE
o 723.38-1° 17.94° 29.15  .615 O .615 0
o 723.3B-1. '14.23 22.78  .625 O 625 .. 0
< 723.3C-1 10.72 17415 .625 0 .625 . 0
'+ 807.3A-1. 18.13.°.27.76 .° :653 O .653 " 0
'~ ©723!3B-2 . 11.52 .'19.50 - 1591  .210 .537  .173
 723.3c-2_ 8.08 14.16  ,571. .253  '.513 _ .200
723.3B-3  9.04 - 17.15  .527  .469 - ;435 .319
723.3C-3. 7.15 13,13 -545 1476 .450 - .322
.. 807.3A=2 10.80 21.51  .502. .613 .395  .380
723.3A-2 "' 10.28 20.33 . _.506  .778 -380  .437
‘ 723.3A-3  7.67 © 18.52 .414 1.137.  .283. .532
807.3A-3 - 6.92, 17.24 ' .400. 1.277  .265 - .560
723.3C-4., 3.92 10.04 (390 1.320  .256 .568
723.3B-4  4.32 - 10.97, .393 2.323  .248 . .699
723.3A-4  4.43 ~ 12.94  .342 3,110 . .168 .756
. 807.3A-4 ' 4.38 12.64 . .346 . 3.450  .164 776
807:3A-5° -1.57  5.83  .270 20.550  .0646 953
‘ * FOR OBSERVED DATA SEE TABLE No 7.
) ‘ , | "
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_ UTABLE.3 . .
4 N REDUCED'DA%A.FQR’PIPE* No 3 T
PIPE NO 3 o SR .
b ° = .5¥, da=.125" ' e e T
a/p . = .25 ° ‘ ' . (see Fig. 6)
RUN No Q. Q C v2/2¢0  co. . V%/2gE
‘ A H DH /298 Cpg, /
803.2a-1 4.06 = 6.51 2623 0 . .623 o~
803.2A-2 °3.24 _ 5.53 .587 .14, ~ .550" .102°
80'3.2A-3 -2.57 4.98 ~ .51  .326 .450 .46
803.23-4 - 1.97 . 3.96 _ .497  .783 ,  ,365  .440
803.2a-5 1.32 ' 3.15 ©419.°'1.754  .252.  .637
803.28-6 .35  1.50 231 9.810 .070. .910
A~ - . ‘ . i.:
* FOR OBSERVED DATA SEE TABLE No 8
TABLE 4 .
_ 'REDUCED DATA FOR .PIPE* NQ 4 °
'PIPE NO 4 o ' )
D = .75, d= .125" N
d/D = .166 (see Fig. 7) ‘
. I
RUN No' O 0 c vZ/3gH  C._ - . V?/3qE
. A .. " DH / DE "~ ,
1012.3A-1 4.54 - 7.33 620 0 -.620 0
1012.3A-2 3.40  6.07 - .559  .202 3509 " .168. -
1012.3A-3 2.91 ~ 5.49 .530 -.398.  .448 - .284
1012.3a-4 "2.51 - 5.15 .  .488  .620. .383  .383
1012.3a-5 2.33 . 4.72 °  .488  .940  .350  .484
10i2.32-6 1.97  4.42 /446 1.350 = 7 .292. .575
. 1012.3A-7 _1.48 3.749 .427 2.350 - -.233  .701°
' 1012.3A-8 1.1}  2.95  .378 3.429 - 179  .774

[

~

~

@

-

. '* FOR OBSERVED DATA SEE TABLE No 2
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Tab.le 5
- . “
TEST RESULTS FOR DEAD END PIPES
- . . ¢
. . ot N (see Fig.'9) *
.D’.’, / d ‘ . R R hd/D ‘CDE B
A B} ¢ L ,
2.750 . 2.000- °° .- .727 .673
512, 297 .580 - .660
. 4
- 2.750 1000 .363 625
:750 .250 © o .330 .625.
, .500° . 125 ‘. .250 .623

. .750 125 . . .66

.620

. 607
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