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Abstract:

The purpose of this investigation was to study the possibility using a pipe bend to measure the quantity
of flow of water in a small pipe, The flow was to be metered by measuring the pressure difference
across the inside and put-side curves of the pipe bend. Advantages of a pipe bend flow meter include
low in itial cost and no additional resistance to flow Tests were run on 90 degree solder-joint oast
bronze elbows of sizes from 3/8 inch to 1 inch, and pipe, bends of 3/8 inch outside diameter copper
tubing with constant radii but varying amounts of bend. It was found from the tests that when the
pressure difference across the curves of the pipe bend and flow were plotted on logarithmic graph paper
the curve was a straight line Also it was found that there was a linear relation between pressure
difference and the square of the mean velocity of flow, It was concluded from the tests that a small pipe
bend may be made into a flow meter with satisfactory results. Pipe bends from 7 1/2 to 180 degrees of
bend were tested and found accurate When used as a flow meter. It was also concluded that the pipe
bends should be calibrated in the laboratory before being used in an actual installation.
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ABS TPAGT OF THE TJMSIS

The purpose of this investigation was to stu@y the
-pasulblllty of neing a pipe bend to measure the quéntlty of
flow of watér in s emall pipe, The flow was to he hetered by
measvuring the pressure dlﬂfereuceracros% the 1nalde and gul-
gide guryes of the pipe bend. .
| Advantages of ‘a pipe bend flow meterolnclude‘lgw 1n~
1t1&l cost and  ne addltlcnal resistahee to flow,, . o

- Peosts were yun. on 90 degree soldermgoint east bronze
elbows of sizes from 3/8 inch to 1 ineh; and pipe berds of 3/8
ineh outside diameter.copper- tubing wzth comstant r&dl) but
v&rying amounts of bend.,

1t was found from: the tests that - when the pressure dif-
ferance across the curves of the pige “bend and flow were plot-
ted on logarithmic graph paper the curve was a straight line.
Also it was, found that there was a linear relation between
pressure difference apnd the sgquare of the mean velocity: of
flow.

It was concluded from the tests that a smaldl pipe bend
way be made into a flow metér with satisfactory results, Pipe
bends frow 7 1/2 to 180. degrees of bend were btegted and found
accurate when used as a flow meter. - It was also concluded
that the pipe vends should be calibrated in the l&boraﬁory
before being used in an actual 1nstallat10ua y
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CHAPTER I

THE PROBLEM

Statement of the pr roblem. It was- the purpose of'this
gstudy t0 investigate thé possibility of using a pipe ben&ate
measure: the quantlty of flow of water in small capper plpeSo
This was to be accompllshed by meauurlng the pressure dlffera
ence of the water between the inside and @mtslde curvas of ﬁhe'

bend as shown 1n,F1gure 1

leldation of the problem.' Yhen water is flowing in a

@losed plpe system, oyer&tlng under 2 smell preésmre ﬁé@dﬁfit
- is often necesuary to measure the quantity of water floﬁing;
Thls n606831tates a flow meter that will add a negllglbie
pressure drop to the ex1st1ng systemg Iﬁ is & dharacterlsﬁic
of & flow meter canstructed from an ex1at1ng pipe bénd thwt
there is no addltlonal resistance to flOWo

Whe relatlve Slm@llcltj and the Sﬂ&ll Oﬂlglnal cost are
also desmrable qualmt;asﬂof a flow metber -congtructed from a

pipé bend,

Orgenization of the thesis. The material presented in

this study includes (1) -the results of tests made on commer-
" cial cast bronze 90 degree elbows of sizes between 3/8 inch
and 1 inchg (2) the results of btests made on pipe bends of

constant radius and diameter but of varying amount of bends;




FIGURE 1

CROSS SECTION OF PIPE BEND SHOWING METHOD OF
MEASURING PRESSURE DIFFERENCE
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and (3) an effort to predict the results by mathematical analy-

siBe. -

Review of the literature. There has not been =z great

desl oﬁ llterature published .on the subjeeL of usmng pipe
bend as.a flow meter, The ubgect9 howevers 15 not a new oneg.
In lglé Lev1n described in an article a flow meter that had
the general shapo of a pipe elbowg but w1bh a square croaS
sectlens‘ Test data gdthered fram experlments on stedm ag a
flow1ng fluld Was presenteda ‘ | |

_ In an artwcle publlshed in Powerg)a flow mater of a
rectangular hyperbollc sectlon Was shownel The meter was pre~
A ceded by stralghtenlng vanes dﬂd had & rather compllcated
‘ recordlng apparatusa | | '

Yarnell and Naglerg3 ina study of ‘the characterlstles
of flow cf water around 1arge plastlc plpe ‘bendsy mentlan that
a pipe bend could be used to meter the flUWa Powever, thelr ‘
maln study was confined to the flow liges “through . the ben& and
the drap in static pressure due. to the’ bend,‘ in thelr discusa‘
.gion of.statlo pressures they. bring out the idea of thelglpe

“bend baiﬁg used as a flow mebers

1 Ao T Lev1n, "A Flow Metering Apparatn%g"-‘Trans~
actions £.8,1.8,, 36:239-54, September 1914, .

» "The Hyperbo Electric WloW'Meter,“ Power, 573 1024~259
June 26, 1923,

3 David L. Yarnell and Floyd A. Nagler, “Flow of Water
Around Bends in Pipes,” Transactlons AsBoCaBe s 100:1018-32; 1930

rp—— T T 1 v e T T N
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. ,‘Ireal Ae Wintéréwdid expérimen@al'wark on'the.meaéuring
of. fch‘in hydraulic turbines. Tﬁis was done by ﬁaﬁpimg the '
screll case on the 1n51de and outslde bend surfaces and meas-
uring the pres&ure differenoea Falrly good results were ob~
talﬂed by thls method although it was cencluded that tbe scroll
cage should be ealibrated agalnst a known flmw when comveruad
@o a flow metero '

.V Mo . Lansford has. done GOHSldEE&ble work~on 90 degree
'elbewa used. as flow meters. He t@sted threade& elbows between
one 1nch and four"lncheg 1n sizey and 11&nge® elbcws ranglng
in gize from four 1nohes to‘twenty~fbur ineﬁesa Both the
threadeé and the flanged type elbews were found aatmsfactary
for use as a flow meter,;

Thus whilé tfo idea of & pipe bend used as a flow meter
is not new bhe 1nvest1gatzons prevlausly underbaken were”
largely llmlted to large size elbows, 90 degree elbcws9 or

speclally mede elbowa of add shapes»

"Z Treal A, Winter, "Impvoved Type ef Flow Meter for
Hydraulic Turblnesg" Transactlons A8 C an 992 84%90g 1934

5 y., M. Lansford, "The Use of an Elbow in a Plpe Line
‘Por Deberming the Rate cf Tlow in thé Pipe," University of
Illinois Bngineering Experiment Station Bulletin Wos 289,
December 22, 1936, 36 pPp.
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CHAPTER IT

THE METHOD OF PROCEDURE

In the eeﬁstrugtion of the flow meters from pipe bends,
and in the éxpgrimental data, aolléétingy-all materials and
tools used were of the common type found in amy machine shops
No special a@paratuﬁ Wab used or aen%tructed s0 that dupllw.

cation of the results of this 1nvest1gatlen eould be posszblaa
I, CONSTHUCTION OF THE PIPE BENDS

‘Oast elbows., Niné 90 dégrae cast brenze soldergjeint-

tyﬁe élbows were converted to f;ow‘metersg The different
sizes and censiruction details are ghown in Figure 2 In the
coustruction proéess tube adapters were silver soldered on the
‘ingide and ouﬁéide bends of the elbow. Holes were then drill-
ed ﬂhrough'the gurface of the elbew'witﬁ the tuba~adapters
‘serving as giides, Cave was baken to remove all burré formed
in the drilling operations All of the easht. elbows had a very
rough, ummachined suriace éh ﬁhe‘insiﬁe and no effort was

made to improve.this situations

Long-radius. pipe bends, Eleéven long-radius pipe. bends

' were made from 3/8 inch outside diameber copper tublnga These
bends had a.congtant raﬁlus of bend of 15/16 of an 1nch but

varied in amount of bend from 7 1/2 degrees to 180 deg:eeso
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CONSTRUCTION DETAILS
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Beven pipe bends of different amounts of bend were'censtructeé;
7%, 1B, 22%, 45, 90, 135, and 180 degrees, Typical cohstruck
tion detail is shown on twoe of the beﬁds in Tigure 3. As these
pipe bends were net intehded for perm&nent construction, adapt-
ers for. copper pipe were not gilver soldered on ad in the case
of- theféaat elbows, - Insteady ruﬁber~tubing adaptersyuin-the.
form of one quarter inch copper -tubing, were goldered om the
1n31de and outside of ﬁhe bend. Holea Were drilled through
the surfaces of the pipe using . the adapters ag guides. - Véry
promlnent burrs were formed on the 1n31de of the pipe resul
ing from the drlllﬁng operatlona These-bu@rs were natvremaved .
until &fter the flrst ssrles of tests were run in ah effort to
find the effect of the burrs on the perfonm&nca of the plpe

bend as;a flowrmeteru
II. MBASURING DEVICES USED

i Manameters@ Straight U-tube mancmeters were fouvd very

satisfactory for measuring the pressure dlfferentlal across

the pipe bends and elbowao Meroury, water, and Gage Fluid Nos
3 of the Meriam Instrument Company of Cleveland, Ohio were all
used in the manometerac The gage fiuid had a speclflc gravity
of 3@98« Water was used in the nanometers when thé pressure
dlfferentlal Was very low, while the gage fiuid and mercury

were used for pressure differences of higher values,
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FIGURE

CONSTRUCTION DETAILS OF LONG RADIUS PIPE BENDS
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A metyric recording meter. Aﬂrecording'pﬁeSSure differ~

ential meter wag obtained from the gmerican Meter Cowmpany of
Phllladelphla and was used to record some of the reaalng& ou -
the casb elbows,  The meter had & float restlng in meraury
which' wa% acted ou by the diffeveirtial pressure below and
above the float.  The float in turn.actuated & mdrking point
whlen recorded the realing oh a rotauing-ehdrta The me&er:
xécorded & maximuvm pressura differentia X 01 either two and one
half or ten inehes of water, ‘depending upon th@ aize*of flcat
used,, The pressure dlffeoentlal was’ measured aceordlng ﬁo the
mathematlaal equation o 2

¥z 10 *%%5,”““~: @

for the gl inch"'fioatg and
L o 10|\ n. : 23
©oME 108 o B (2)

for the "10 ingh" float .
where mji recoriing metsr reading ...

‘b= presSuré differential in inches of water
The clrcular recording chart had a linear scale from one to
ten starting from the inside and running fadlally to the outw
gides The metric recording meter proved to be avaensitlve

instfument for recording small pressure differentials.
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11T, EXPERINENTAL TECHNIQUE

Por all teats onn the. caﬁt elbows the equlpment qu seﬁ
up as shown 1n Tigure 40_ City Water wasg run into & pressure
tank to smooth out variations in flow and to subgect the water
to a definite s%&tic nressureo The water was throttled by the
diucharge valve ‘and the v&lve on the entrance +0 tha naessufe
tank,. The total amount of flew for each reading of the Flow
meter. was weighed in a weigh tank ag&mnst.tlme tgken with a
stop waieh;. With the use of thé~prassuré tank very littlé
pulsatlon took place in the manomeﬁer@_ ﬁor teséé usingfthe
recordlng meter the manameter wasg replaced WLth the metria
recordlnﬁ meter aﬂd the rest of the equlpment set up was. the
sama, | '

For the tests on' the longaradius plna ‘bende the aqulya
ment was set up as shown in Piguve B, A& the pressure &lfxer«
ential in th&se &asﬁs Was relatively smallg,watsr waS‘u$ed in
the . manometerg To control the amount of air in the pressure
lines leadlng to the manometer a water‘reserv01r WES plaeed
in each preﬁsure.linewl The water flowing through the plpe
bend was weighed agalnat time to determine the rate of flow,

The manometer readings were quite steady; especially for the

very low vrates of flow,
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ELBOW

FIGURE 4

APPARATUS ARRANGEMENT FOR TESTS ON THE CAST ELBOWS
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WEIGH
TANK

FIGURE 5

APPARATUS ARRANGEMENT FOR TESTS ON THE LONG RADIUS PIPE BENDS
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CHAPIER III

'RESULTS ON THE CAST ELBOWS

The reéults of thé-invesﬁigation on c¢overting eommer«
clal type 90 degrea salderwgo;nt cast bronze. élbows of less
than 1 inhch in gize into flow meters are rmported in this
aﬂaptera The relation benween pressure differentidl across
“the elbow o the quantity of floﬂ and to the gquare of the
veloo;ty of Flow will be dlseu%edQ Als@; a comparison of the

results of 8ix elbows of the same sizé will be showne

1]

L. THE,EELATION ERTWEEN PRESSURE DITFERENCE AND FLOW

U51ng manometerbo In Figure 8 ié shown the velation

between the pressure differene@ aerusm the ingide and outsxd@
¢urves of . a 1 inch 90 degree selder-golnt cast hronge elboWy
and the quantlty of flow in gallons per minute. This euxve
ineludes three different tests. . In the fifgt tééfvthe:manéﬁ%‘
éter was filled with WMeriam gage fluid No., & and the pressure
in the pfessure tank (Figuré 4, page 18) was alloWad to vary
from 4.4 psig to 16,0 psige In the second test the -same s
nometer was used but an effort was made to hold the pressure
in the pressure tank constant at 12,2 psig. In the third tesﬁ
mercury was used in the manometer and the pressure 1n the
pressure tank was varried in three steps; at 4.0 psigg'ﬁao

psig, and 10.0 psigs.
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Flow, Q, 1in gallons ppr minute
5 6 7

FIG. 6 RELATION BETWEEN PRESSURE DIFFERENCE AND FLOW FOR
A 1 INCH CAST ELBOW
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AS ﬁoted in Figure 6 the relotion between pressure dif-
ference and flow is a straight line when plotted on Logarithe
mic graph“paper, The'ﬁathematical equation for this straight.
line may be written. ' o

a(in by . . ' _f
Ain gy ~ ® o (3)

pressure difference between the 1nslde and outslde

18

whefe h
curves of the elbow in inches of water H
Q - gquantity of flow in gallons per ﬁinute
"nvgvslupe,of-the curve, & constant

The solution of this‘equation is

//d(ln’h) = n)/&(ln q)
nh=nlng41nz
n & zQ” (4)

where 2 = a constant of integration‘and depends on the elbow,
The value of n was foumd’to.be 1,96 for the l‘inch‘and % ineh
. elbows, and 1,91 for the 3/4 inch elbdw;_ Thege vélueé compare
favorably with 1,93 and 2,00 found by Lansford’ on investiga-
tion of larger iron pipe.

In-Tigure 7 is shown the relation between the pressure
difference across the inside and outside curves of & 5/4 inch -

g0 degree solder~joint cast bronze elbow, and the quantlty of

179, . Lansford, "The Use of an Elbow in a Pipe Line
Tor Determining the Rate of Flow in the Pipe," University of
Ii1linois Engineering Experiment Statlon Bulletin Roa 289,
December 22, 1936, » 18, -
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Flow, Q, in gallons per minute
% r 6 7 B 910

FIG. 7  RELATION BET/7»EEN PRESSURE DIFFERENCE AND FLOW FOR
A 374 INCH CAST ELBOW



a4e
flow in gallons per mihutea 'In this test the m&nameﬁef was
filled with Meriam gmge fluld Now B and the @ressuye 1n ﬁhe_
pressure hank was allewed to varyo | |
‘In Figure 8 is shown the results on a 1/2 1nch 90 de=
:gree sold@rajaint cast bronze elbawo The.teat conﬁlbions were

the same as with the a/d inch e1bowo '

Using p metric recording meter. In Flgures 9, 10, 1l,

and 12 are shown the‘reiation between the pressure aiffefence
aeross.thé inside and outgide curves of 96 degree solder-joint
'cast bronze elbews-aé,recdrded on a mebtric recording metér,'
.and the quantity of~fiow in-éallons per ninute,

The six curves shown in Figure 12 are for six 3/8 inch
- 90 degree cast elbows that werevconﬂtrueted as similar to each
other as pogsible, - The resul@s'indicate that in the casé of
the elbcws‘tésted the curve Qf one elbow may be applied to
another elbow of the same size, 1if extreme accuraéy‘is net
required, , _ o

As shown in E;gures gg,lag,lig and 12 the slope 6f‘ﬁhe
curve piéttéd from the meter réadimg-and fl&w is a constant,
Thus an equation may be set up eXpreSSing the relation betwean'

the two variables,
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FIG. 8
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Flow, Q, In gallons per minute

RELATION BETWEEN PRESSURE DIFFERENCE AND FLOW FOR
A 1/2 INCH CAST ELBOW
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Flow, Q, In gajllons per minute

FIG. 9 PRESSURE DIFFERENCE vs. FLOW FOR A 1 INCH CAST
ELBOW USING A METRIC RECORDING METER
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Flow, Q, in gallons per minute

FIG. 10 PRESSURE DIFFERENCE vs. FLOW FOR A 3A INCH CAST
ELBOW USING A METRIC RECORDING METER
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Flow, Q, in gallons per minute

FIG. 11 PRESSURE DIFFERENCE vs. FLOW FOR A 1/2 INCH CAST
ELBOW USING A METRIC RECORDING METER
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Meter reading

Flow, Q, in gallons per minute

FIG. 12 PRESSURE DIFFERENCE vs.FLOW FOR SIX 3/8 INCH CAST
ELBOWS USING A METRIC RECORDING METER



1

aq G/ am
/o o)

- Q= om - (5)
where § = quantity of flow in galloné‘per minute |

¥ 2 meter reading

Cfﬁ - eanstant depandlng upon the elbow
Tha aonstant, Cy may be calibrated for each individual elbow
in the laboratoryo Then the flow at any time will be the
constanb,. tlmes the meter readlnga

The constant ln equatlon (5) aﬁong WLth recommended flow
ranges far each SIZ& elbow tested when uszng the metric

_ r@cordlng meter are shown in table Ls

| IITj THE RELATION BETWEEN PRESSURE DIFFEKENCE AND
'+ THE SQUARE OF VELOCLTY

' ‘The relation between the ?reséure difference acroés the
mnalde and outsz&e ben&s of the 90 &egree solderwgoint cagt
bronze elbows testea9 and the square of the mean veloclty of
-flow 1n the pipe is shown in Pigure 13, The slope of the
curve for each elbow i &pyraximately a eanstantu $hu$ &
linear eguation expressing the relatlonshlp.pf pressure aiffern
‘ence.ana velocity squared may Be shown, |
an -

me———— WK

a(v®)




REGORDING METHE
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TABLE. I

FLOW RARGES

1 CONSTANT AND. RECOMMENDED .

Elbow size Float 'Meter Reooxmﬁend‘@d‘
Installed . Coustant Max. ' Flow
tmomes | tnomes | BB RT | per mimise
1 2% £ 05606 6564
3/4 | 2% 0,314 3.0 . 7
. L/2 2% 6,143' ;.1g§
3/8 2% 0,098 1.0
1 10 1.21 12,0
5/4 10 0,628 6,0
1/2 10 0,286 2.8
3/8 10 10,196 240




IBOW

Velocity squared, V , in Tt /sec

30 35

FIG. 13 THE RELATION BETWEEN PRESSURE DIFFERENCE AND THE
SQUARE OF VELOCITY FOR CAST ELBOWS
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D /dh /a(vg)

b s K02 N
where h % pressure difference between the ‘inside and 'out‘sidg
' curves of the elbow in ihéhes’ ef water
y‘ﬁ the mean veloclty of flow in tne pipe in feet per
&econd , ‘

‘K é dlmeRSLQnal constantg erendlng upon the elbaw
 If the constant; Ky depends upon, the physical dimensions of
‘tne @lbOWQ and if the ¢onstant cauld e calculated accurately,
then the flew thrnugh a pipe could be calculated by know1a@
‘;the pressure differential across an elbowa Thus a pipe bend'
could b@ aanverﬁed 1nto . flewxmeter withouh first aalibratmng
7‘ﬁhg elbow in the laboratory. A further investigation of the

constant, K, 'will be made in chapter V.
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CEAPTER IV

RESULTS ON THE LONG-RADIUS PIPE BENDS

In the uSe of "small size ¢opper  tubing, bends are often
made in the tubing 1t561f rather than inserting a . cast albowo
Thus it may-he‘eﬁ interest to reallpe the possibility of using
.the'bend s a flow @ﬁtex by taping the inside aﬁd'outside‘
curves and messuring the‘pressuresdifferaﬁeé!écraéﬂ'ﬁhélbén&q
The results reporteé here are of tests made on ben&s oflvgry¢
ing degfees’oﬁ bend‘in-3/8 ingh outside‘diamatervcép@éfztﬁbingu
All bends were made with a staﬂdard pipe bander,‘ghichugafe a

radive of bend of 15/16 of an inchs

The relation betwaéﬂ'pressuré'différehce and 'flow. In
Figure 14 ig' shown the relation petween the pressure differ-
eﬂéa‘&GIGSS,fhe inside and 6utsi@e~pips bend curveag:gﬁd.ﬁhe '
quéﬁtity of fldﬁ'for eleven lonngadius pipé vends with'bends
ranglng from 7§ degrees to 180 degrees. During these tests
water was used in the manmmetew to me&sure presaure dlfference
in inches of watex:9 while the flow Was meagured in gallons per '
ﬁinute oy means of & weigh tadk and a stop'watchd

Equaﬁion‘(é)g h = ZQng derived'on page 22 in chapter
111 may be applied to each of the bends whose curve 15 shiown
'in Figure 14. ' The value of © in equation (4) for eaah of the

longs-radius bends tested is glveﬂ in table glé
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90 "2

Flow, Q, In gallons per minute

3.0 4.0

FIG. 14  THE RELATION BETWEEN PRESSURE DIFFERENCE AND FLOW
FOR LONG-RADIUS PIPE BENDS
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TABLE II

VALUES OF m TOR LONG-RADIUS PIPE EENDS

Bige of R
Bend
Degress
7% | 2,08 .
15 | 2,08
.22% | z0e
45 No, L " 2,02
45:70. 2 © 195
45 No. 3 - 1.97
90 No, 1 1.5
90 No,- 2 1,91
90 Yo, 3 1.9
13 | 1.95
180 ol 2.09
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it-may be noted from Pigure 14, that. the three 45 degree
pipe bends, the 135 degree bénd, and two .ef the 9ﬁ‘deg$ee
bends gavg,almoéé idénéiaal‘résuits and.praduceé the highest
pressure difference for any given flows  This wowld indicate
that for a given flow tlrough a pipe the maximum prgﬁsure‘éiﬁ~
ference aeﬁoés 2 bend will be. produced in a bend of dt ;e&stv
45 devrees,  However even the 74 degree bend shows a highf'
gensitivity of pressuve difference to 'a given flawg'and ﬁhe
flow has deviated only &@proxlmately 3 5/4 degress from its
path fhﬁough thenpipe before it comes to the pressure tapse

Three-p;pe berds of each of the 46 and 20 degree bends
were constructed and tested bto meke certain that the curves

¢ould be duplicateéed,

The relation between pressure difference and the sguare

of velocity. In Figure 15 is shown the relation between the
pressurg‘differéncéracrosa the insidé‘aﬁd outside elbow curves
and the sguare of'the‘meén velocity of flow in the pipe for
the eleven lcngﬂradlus pl@a bends tested, The approxlmate
straight line for each bend shown in Figure 15 may be CEPL e«
sented by equathn (8)y h = Kvgg derxveé on page 53 in chapter
III, It mey -be noted from Figure 15 that there is a large
variation in the slope of the seven diffexent kinds of pipe
.ben&aq Thl% shows the difference of pressure dmffar@ntlal

across pipe bends of the pame size an& radlus of bEHdg but of
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FIG. 15 THE RELATION BETWEEN PRESSURE DIFFERENCE AND THE
SQUARE OF VELOCITY FOR THE LONG-RADIUS PIPE BENDS
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different degrees of bend.

The effect of imperfectly built pips bends, When the
long~radius bends were constructed it,was'hoticed that the’

drilling of the pressure taps produced prominent burrs on the

inside of the very ductile pipe bends, 4n effort was made to
gee wha% effect these burrs had on the use of & pipe bend &
a flow meter, Before the burrs were removed tests were run .
on the elbows; measuring pressure.differenee agéingt flow,
‘ ‘ ’The eomgariSOB of the reaﬁlts of tégﬁs run on the pipe bends
Y before the burrs were removed to the results of tests run
‘ after the burrs‘were_rémevéd'are shown in Pigures 16§ 17, 18,
| 19, and 20,

It may be noted frém thehFigureé that the bﬁrrs Pro=-
duced a higher-pressure difference across the pipe bend for
& given flow in all cases exeépt'for the 90 degreé bend, Thus
'burr$, or imperfeétly built pipe bends, certainly changed the
rflow characteristics of the bends. But the change was not pre-
dictable as to how much the pressure difference wpuld be
effected, or even whether the pressuve difference would be
larger or smaller for a given flow, The amount of effect of
burrs in some cases was quite iargeo For a flow of one Q&llo§
per minute through the 74 degree pipe bend theiéreésur@ dif-
ference created across the inside and outside curves is over

3% times as great for the bend with burrs as theé same bend
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with burrs

without burrs

Flow, Q, in gallons per minute

FIG. 16 COMPARISON OF RESULTS BEFORE AND AFTER BURRS WERE
REMOVED FROM A 7 1/2 DEGREE PIPE BEND
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with burrs- 7/

/

-without burrs

Flow, Q, in gallons per ipinute

FIG 17 COMPARISON OF RESULTS BEFORE AND AFTER BURRS WERE
REMOVED FROM A 15 DEGREE PIPE BEND
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FIG.

18

=1+2-

with burrs

without burrs

Flow, Q, In gallons per minute

COMPARISON OF RESULTS BEFORE AND AFTER BURRS WERE
REMOVED FROM A 22 1/2 DEGREE PIPE BEND
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burrs

without burrs

Flow, Q, in gallons per minute

FIG. 19 COMPARISON OF RESULTS BEFORE AND AFTER BURRS WERE
REMOVED FROM A 45 DEGREE PIPE BEND
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FIG.

20

without 1wulrrs

Flow, Q, in gallons per minute

COMPARISON CF RESULTS BEFORE AND AFTER BURRS WERE
REMOVED FROM A 90 DEGREE PIPE BEND
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without bu:ers-,, Thus it is recommended that each individual
elbow be calxbrat@d in the laboratory before balng put into
actual u%e a8 a,flow.metera " |
| It may also be aoted from Figures 163 17, 18, 19, and
. 20 th@ﬁ aithough the elbows. had deflnite 1mpbrfactlans in the

form of burrs near the pressure ﬁap holea‘the relation between

Pressure differénce and flow for each. elbow is still definite
and‘ﬁ straight line when plotted on ldgarithmie graéh payera‘
So although & plpe bend is imperfectly. bullt it Wlll stlll

.preﬁuce satlsfactory results if calibrated before Delng used

. in actual installation,
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- CHAPTER v‘,

AH ANAEYbIS Ox THE RFLATIOH ﬁLTWEEﬂ PRESQUR&
DIFTuEBNCE-AMD THE $QUARL OF THE VhLOGI”Y

In chapters III;am@;IV Whenﬁthe,yﬂESSuwéqdiﬁfﬁrean
- between the inside and outside curves of the. pipe bend and.
the -square of the wmean velocity of flow w&%e”plotteﬁ.against '
each eth@r;néhe-r@suiting relation: wag = straight &imésgiThi$

relation was represented. by equation (6), h 2 Kvgg\éﬂ~nam@'55

_in chapter IILe If the aonatantgAK, could be calculated from .

the physical- dimensions of the Hineé. bcnd ﬁhen the plpe hend

would not need to be calibratea-1n“ﬁne'labon&tory“befeme'being'

used as a flow melers
In this aheptﬁr an effort will be made to axprcsa the
value X in the equmtlon oz KVg in tenms ef the phy51ca3 diw

‘menalons of the plpe bendo

Derivation of the relstions Applying Newton's segond

law of motion to a weight traveling about a fixed point with:
a fadius, Hg the following expressién‘is-obt&inad@

2 .

. e g%
| where W & welght of the ebgect in pounds |
V= valoclty of ﬁhe ohject in feéet per second
R =

ra&mus of the object about & fixed point in feet -
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in feet per second squared

constant
column of water moving

g = gravitational
Let this equation be applied to a smdl

through a pipe bend as shown in Figure 21.

FIGUIIS 21. CROSS SECTION OF a PIPS BSND

IT it Is assumed that the column rotates about the center of
curvature of the pipe bend then for a small column it may be

written
ADwV2 V)

gnR
the cross section area of the column in square feet

where A =



& 48
D = léngth of the column, or dismeter of the pipe bend,

in feet

él,
[£3

speeific weight‘éi t@e water ¢olumn in pounds per
_ eubic foot .
writing equation (7) in,teiﬁs of head of fluid flowing. resultis

in

‘ 2
Bt o= Loz ADEV o
' Aw  AwgR o
= B R (8)

where h"’ head 1n faeﬁ ef fluld flaW1ng |

| It 1s realized that @quatlon (8) xs an approxmm&t&ong
based on the assumption that the Velocity dlstrlbutlon of the
water flewmng through the pwpe bend is dlrectly proportlonal

to Lhe distance from the poxnt of rOb&tlonu However, equation

(8) was used by several previous investigators on larger size

pipe bends with fair resuL%Saly 25 8

T &, W, Levin, %A Flow Metering Apparatusg"“TranSa
actions A.B.M.B., 36:247, September 1914@

2 David L. Yarnell and Floyd Ao Fagler; "Flow ef‘water
Around Bends in Pipes," Iransactions A.S. CeBoo, 10031030, 1935

S W, M, Lansford,"The Use of an Elbow in a Pipe Line
For Determining the Rate of Flow in the Pipe," University of
Illinois Bugineering ExPeriment &tatlon Bulletin No. 289,
December 229 1936, p. 23.
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 Comparison of calculated resulbts with ﬁesﬁ‘resultsl

Before & comparidfon can be made between aquakiohw(ﬁ)g ht

§DZZ; and equation (6} h = KV29 from page 33 chapter~1ilg it

ig neeessary to express the two eauatlons in the Same dimene
919n3¢ The pressmre difference, h9 in equaﬁlon (6) 15 exw'
pressed in inches of water while hi in equatlon (8) is R~

_pressed in feet of Watetp

lhiv‘ g B = E}.{g; 2DV vg
; 12 12 R 2¢
and K < 2D
iz " R 2g
k=228 (%)

The compariaen of test values of K taken from the curves of
pregsure diffareﬁce plotted against veloclty 5quared, to tha
camputed values of éggg,is ghown in table III,;IThe_values
of dlameter and radiug of curvature were taken from. the mans«
ufachure‘s blueprlnts for fhe cast elbows and were measurea
for the long-radius pipe bendsa_

It.may*bé ﬂoted from table III that there is considers
able deviation of the teat constant from the camputed eonatanta
Thug 1t may be assumed that the actual flow is dlfferent from
that assumed in the derivation ef'aquatlon.(a)@

It is repommendéd that a flow meter conmsiructed from &

small’copger pipe bend be calibrated in the laboratory before
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. TABLE III

GOM?PARI SON OF COMPUTED ELBOW CONSTANTS
AND TEST CONSTANTS -

vve ot moor | gommiet], ert
12p | &
, “Re . |
1 inch east . 0:63 0.42
3/4 inch cast 0,64 0.51.
1/2 ineh cast | ’Qaﬁ-l, | ©e062
% deg‘re;: | o0.122 | 0.033
15 degree - | §05%2';j. 0406
22% degree | | 0,12 - 0.069
45 ‘degree No, 1 0.1z | 0.105 |-
45 degree Wo. 2 0,12 | 0,098
45 degree No, 3 0,12 | 0.104 |
~90,aegreé ﬁ¢@'1 0,12 | 0.087 ~
90 degree Ho, 2 0.12 | . 0,115
90 degree Nos 3 0.12 | G'e‘lg;
135 degres | 0.2 | 0.2
180 degree’ ‘ 0.12 "O’JQE‘;B
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being uged in an actusl installation. - The actual fiow through
the pipe is difficult to prediét.baﬁausé of the large variation
in pressure difference due .to iﬁperfscﬁiy_bﬁilt pipe béndsp

and the inability to caleulate an accurate flow constant.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

Summary. The purpose of this study was to investigaﬁe
the possibility of using a pipe bend to measure:the quantity
of flow of water in small copper pipes. This was to be done
by measuring the pressure difference betwéén the inside and
outside curves of the pipe bend. |

Advantages of a pipe bend used a8 a flow m@ﬁer inglude

no additional reéisﬁance to flow and small‘original CQStﬁ.

Conclusionss It was found that commercial 90 degree

cast bronze solder-joint elbows may be used as flow meters.
in small copper pipes with good rasultan Also pipe bends-
between 'E degrees and 180.dégrees, made Wlth g standard tub&
bender,‘will glve satisfactory reaults.when used as flow meters
in small c@pper plpesa | : |
The pressure &1fferenceg h9 in 1nches of water and the
flOWg'Qg in gallons per minute are relatedfby the,equatlon
h = ZQ 9 ‘where n takes the value of approxxmately 2, and % is
a conatant dependln@ upon the elbow,
The pressure difference, h, in inches of water and the
square of the mean velcclty of flows Vgs ‘in feet per seeomd9
squared9 may be related by the equatlon h = KV s Where X 18

8 cunstant depending upon the pipe bend, The value of K found '
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from the tests varies considerably from & calculated value
wnen using.a derived reléﬁioug K= é%gwa |

When large burrs were left on ihe iﬁsi&e'of the Longq‘
radius pipe bends, the effect an-the'pipejbéu&,as & flow meter
“was o inére&ée or'&éérease the ﬁrésﬂdré‘dfffereﬁEE'fnr‘&3
: glVGn flow but ﬁhé relation between pressure difference and -
flow gtill remained a straight line when plotied on Yogarith-
mis graph pape:,

It was found that a small cast elbow may be used: very
s@tisfactory‘as a flOW meter when using a metric recording
meter to measure the pressﬁre.differentiala

When ﬁsing a pipe bend as alflowxmeter in small copper
pipes, the bend should be calibrated in the laboratory before

being put into actual uses
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TEST OF A 1 INCH 90 DEGREE SOLDER-JOINT
' CAST BRCONZE ELBOW

gr, 2,95

Yanviometer fiuid SPe Water temp. 40 F
Static\wéter Time | Flow |Manometer|Press. o heynold's
Press. Welght - - {Diff. v Number

Psig.| 1b. |Min, |G.P.j Inches Faches .giié -

1| 448 | 200 [6.0 4,0 | " o0.70 | 1,38 2.44 7,700

g 9.7 | 200 |3+913 6,15 ‘3.3 2,14 5,76 11,850

5| 1449 égo odd | 7,33 1,85 ~3;57". 8,13 14000

4l 19,6 200 |2735[ 8,4 zdéi' 4388‘1'100? 165100

5| 50 | 200 |335 | 6,87 1,5,"'*q2a92” 7«19?;35§200

gl 4:9 200 |20 |12.0 4§§" vi‘9¢56 ‘ gl‘?',es,ooo

v 4.9 | 200 ‘;,493 16,7 gné | 16.0 | 42,37 32,000

g 4.4 | 200 |1.166 20,6 14,4 | 8.1 | e4ai\‘l39;éoo

of 4.45 | 200 |1.067 22,5 | 16,2 | 316 'i7¢.é_ 44,000

10| 7.15 | 200 |0.85 28,5 | gaeéﬂu 5L 121.0 54,500
11 10065 200 9?983.24a4 .ggaﬁwq "40;0, "9993;: 4?@060
12| 9.75 | 205}. 1,33 | i8.05 10,55 | 20_06 : ‘,,.4«9‘55 344700
13| 10,35, 260 2330J:10,42 3.8 | 6.2 16,5 | gq;owo
14l 16.0 | 200 {2.92[7.89 | g4 5.7 | .. 9,43 15,150
15| 15,1 | 200  }387‘12§57 B4 | 100 25.0 24,700
16 15,25 gdo" 1,27 18.86| 11,2 .| 2L.8 | 54,0 | 364200 ‘
17 16;6 200 1«12] Bl.5 | 14,8 3ééi9 70,0 | 41,300 |
18/15.2 | 200 |0.93|25,7 21.0 41.0 | 100,0 | 49;500
19 200 | 0,83 | 28,8 | 27,1 | 3.0 | 125,0 | 55,300

14,65
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TEST OF A 1 INCH 90 DEGREE SCLDER-JOINT
CABT BRONZE. ELBOW -

. Wwater temp. 40 T

Hanometer fluid sp. gr. 2,95
Static | Water | Time| Flow Hanometer Press. o Reynold's
Press., | Weight Diff, v Number
Psig. | 1b. |Minm,| G.P.MJ Inches | Inches| _ft>
| | Fluid. |Water | gec® -
| 3 12,0| 200 [5.79| 4,15 | 0.6 1,27 | 2.6 | 7,960
1gl 12.4| 200 |s.08| 4.69 | 6.80 | 1.56| 3.3 | 9,000
3| 12.4| 200 |3.13| 7.68 | 1.95 .| 3.8 6575 12,800
4 1.4 200 | 2.69| 8,93 | 2.60 | 5,25 | 12.02| 17,100
5 12.4| 200 |2.42| 9.94 | 3.20 - | 6.25| 14,9 | 19,000
6 12.1| 200 | 2.25/10.68 | 3.60 7,05 | 17.2 | 205500
M 12.0| 200 |2.04/11.81 | 4.45 8,68 | 22,2 | 22,700
g 12,0| 200 |1.71|15,05 | 6.40 12,5 | 30,0 | 27,000
o| 12.2| =200 | 1,62[14.8 7.0 | 13,65 | 33.2 | 28,5600
10| 12.1| 200 |1.41f17.2 | 9.1 | 177 | 45.0 | 33,000
11| 12.1| 200 | 1.30(18.48 | 11.0 21,4 | BL.6 | 35,500
19 12.2| 200 | 1.21|19,85 | 12.8 | 25,0 | 59.6 38,200
18 12.6( 200 | 1,05|22.85 | 17.4 33,9 | 79.5 | 44,000
14 . 12.6| 200 | 0.97|24.70 | 20.4 39.8 | 92,4 | 47,500
18 12,0 200 0 1,13]21.20 | 14,6 28,4 | 68,0 | 40,700
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- TEST OF A 1 INCH 90 DEGREE SOLDER-JOINT
‘ CAST ERONZE BELEOW

.__Manometer fluid .sp.

gr. 13,6 Water temp 40 F
Static|{Water | Time| Flow }Manometer,Presés f: Reynold's
Press, |Weight] | o Diff; | VE | mumber |
Psig | 1b, | Min.| G.P,M{ Inches |Inches|.ft2 .
_ ‘ E Fluid |Water [, ..2 .
1| 6.5 | 200 |1.68 | 14,75 | 1,10 13,0 | 33,1 | 28,400
| 2| 6.5 | 200 2,36 |10.2 | 0,5 6.5 | 15,75| 19,600
3| 6.8 | 200 |3.82 | 6,3 0420 2,62 6,0 | 12,000
4| 6.5 | 200 |1.44 | 16,7 1,3 16,4 | 42,3 | 32,000
5| 6.3 200 1,21 | 19.85 2,0 282 | 59,6 | 38,200
6| 6.5 | 200 [0,913 26,5 | 3,4 42,8 | 104,0 | 50,500
7| 643 200 |[1.34 | 17,9 1,6 20,2 | 48,6 | 354500
8| 6.8 | 200 [1.74 13,65 | 0,9 11,3 | 28,2 | 26,300
9(10.0 200 |L.46 | 16,4 1.3 16,4 | 40.8 | 31,500
10[20.0 | 200 |1.21 | 19,9 2,0 25,2| 60,0 | 28,300
11[10,0 | 200 |1.04 23,1 | 2,6 32,8 81,0 | 44,500
l12/10.0 | 200 |0.94{ 25,4 ‘B, 25 41,0 | 97.5 | 49,000
13| 4,2 | 200 |2,91| 8,25 | 0,85 4,4 | 10.24] 15,800
14| 4,1 | =200 |1.83 | 13,1 0,85 10.7 | 26,0 | 25,200
15| 4,0 | 200 |1.27| 18,85 | 1,6 21,4 | 54.0 | 36,200
l16| 4.0 | 200 |0.92| 26,0 3.2 40,8 | 102.0 | 50,000
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IEST OF A 3/4 INCH 90 DEGHREE SOLDER-JOINT
CAST BRONZHE ELBOW

Iaber temp., 40 P

HManometer fluid sp., gr., 2.98

X
Btatic | Water| Time| Flow [Menometer|Press.| , [Reynold's
 |Press. [Weight| - " -+ - |Diff, v Number
Peig. | 1b. |Min, | G.P,M. Inches |Inches £4°
: 1 Fluid . Water secd f

1| 7.0 | 200 1,87 12,8 | 18,5 ' | 36,1 | 72.6 | 32,300
12| 5.5 | 200 |2.45| 0.81 | 10,9 |2L.2 | 42,0 | 24,500

3l 4,0 | 100 [1.65| 7.20 6,2 |11.9 | 23,2 | 18,500

4| 5.0 | 325 |4,40| 8,86 9,0 | 17,55 | 34,2 | 22,200

5| 5,26 | "200 2,43 | 9,90 | 11,0 |=21.4 | 42,7 | 24,800

6 6.5 | 200 |2.02|11.9 | 16,0 |31.2 |6l.6 | 29,900

7| 6,0 200 2,10 | 1145 14,9 | 29,06 | 57,9 28,900
8| 6.5 | 200 2,38 10,06 11,4 |28.,2 |44,1 | 25,200
of 5.- | 100 |1.42| 8.45 | 8.5 |16.2 [8L.2 | 21,200
10| 8,0 | 100 |1.57 | 7.67 6,85 | 13,55 | 25.6 19,200
11 7,95 | 100 1,77 | 6,80 | 5.4 | 10,5 | 20,2 | 17,200 |
13l 6,0 | 100 |2,02| 5.96 4.2 8,2 | 1B:8 | 15,000
L3 5,5 75 |1.74 | 5,16 | 5.2 6,25 | 11,6 | 13,000
14| 5,0 75 (1,95 | 4.62 | 2,8 5,46 | 9,3 | 11,600
05| 4,75 | 75 |2,07| 4.35| 2.25 | 4.4 | -8.24| 10,900
16| 4.0 | 50 1.7 3,52 | 1.50 | 2.92| 5.45 | 8,860
9| 3,75 | 50 [2.01| 2.98 | 1.0 | 1.95| 5,88 7,500
L8| 3.8 30 (1.7 2,12 0,60 1.17 | 1:96 | 5,330
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TEST OF A 1/2 INCH 90 DHGKEE SOLDER-JOINT.
CAST EHONZE ELBOW

Vanometer fluld sp. gr. 2,95

Water temp. 40 F

Jd
P
R

Static [Water Time | Plow [Manometer|Press. Reynold's
[Press. (Weight| - o IDifEs |V - Number
Peig. 1b. |¥in. | G.P.M Inches |Inghes hng .

‘Fluid  (Water | .2
|3 9.8 | 200 [2,03] 6,91 | 20,8 | 40.6 | 66.L | 21,400
20101 | 100 |2.43 ] 4.94 | 14,2 | 27.7 | 46,3 | 17,900
3 7.4 | 100 [3.00 | 450 9,5 | 18.5 | 30¢3 | 144500
4 5.2 | 100 |2.88 | 5,05 | 15,0 | 20.2 | 48,2 | 18,250
5| 10,5 | 100 [3,30 | 3,64 7,8 | 16,2 | 2540 | 13,150
6| 7.5 95 |3,09 | 2,91 Bsl 9.95| 16,0 | 10,500
|7 947 50 |2,29 | 2,62 4,1 850 | 12,96 | 9,500
| el 8.5 | 50 |2.8 |2.14 2,78 | 5s36| 8465 | 1,750
9 6.0 50 |3,51 | 1.71 1,80 | 3,51 640 65450
10| 5.0 | B0 (3,85 | 1,56 1,60 | 2,92 4,62 | 54650
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TEST OF 4 1 INCH 90 DEGREE SOLDER-JOINT CAST~BHONZE ELBOW
' USING A METRIC KECORDING MEIEH

),

Pater temp. 58 F.

500

Fater - | Time - | Plow Meﬁez‘ ilsress-s » 3 Reynolds
rﬁ{aigh’cv’ S — Reading | Diff, v Number
- 1b. min. | G| - '%33233 E%%% "
i 200 | 9.87| 2,43 | 4.1 | .42 | 0.805 | 6,260
2l 200 | 7.85|. 3,06 | 5.15 0,664 | 1.42 4,860
3 200 | 6.21| .86 | 6.5 | 0,995 | 2,85 | 9,900
o 200 | B.62| 4,27 | 72 " 1.26 | 2.7h | 11,000
5 200 |.4.92| 4,88 | 8.1 1,64 | 3,61 | 12,500
§ 200 4,16| '5.77 | 9.5 " 2,26 ' | 5,02 | 14,800
o 200 | 4.56] 5,26 | 8,9 1,98 | 4.1 | 13,500
g 200 | 4.0 | 6.0 9.85 | 2,42 | 5.47 15,500
o 200 |12,19| 1.97 | 3,65 0,333 | 0,589 | 5,050
10 200 .16;42: 1,46 | 2.8 0,106 | 04383 | 3,750
11 500 | 14,00| 4.26 | 7.1 1.26 | 2,76 | 11,000
[12 500 | 10.56| 5.68 | 9,33 2,175 | 4,89 | 14,600
13- 500 | 16,98| 2,12 | 3,75 0.352 | 0,68 | 5,450
1d 295 | 20.8 | 1.88 | 2.75 | o0.180 | 0.381 | 4,100
18 200 | 11.36| 2,11 | EX 00324‘ 0.675 | 6,400
14 500 | 14.58] 412 | 6,76 | Ls14 | 256 | 10,500
20,39| 5,78 | 9,55 2,28 | 5,07 | 15,000




TEST OF A 3/4 INCH 90 DEGREE SOLDER-JOINT

B2

G’AST ERONZE BLBOW

UBING A METRIC RECORDING METE

Water temp, 58 F

| Reyrold's|

en

Water |Time | Flow Meter Press. - g
Welght [Reading | DIiff. v Number
10, | HMin, | G,PM.| - Inches £5° |
' Water seal -
1| 275 |18.53 | 1,78 | 6.7 0,813 1,39 | 5,940
2l 105 15,55 0.8L | 2.5 0,156 0,286 | 2,700
| 3| s00 |19.58| 3,06 |- 9.6 263 4,04 | 10,200
|4 300 [14.35] 2,51 | 8.0 1.6 8.76 | 85400
320 |17,18 | 2,84 | 7,125 | 1,28 2,19 7,500
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TEST OF A4 1/2 INCH 90 DEGREE SOLDER-JOINT CaST BRONZE ELBOW

USIﬁC A METRIC hECORDIPG METER

. Water temp, 58 F

Water |Time |Flow |Meter | Presse | | Reynold's
\ﬁf_eightﬂ | Reading | Diff. | V Krumbeérr
1b, |Min, | G.PsMe| = | Inches e
.- ‘ - Water | sea®
1| 105 [9.63 | 1.BL | 9,18 | 2,08 | 3,24 | 64310
2| 92 [10,04| 1,10 | 77 | .48 | 2428 | 5,300
3| 74 |12.87|°0.69 | 4.9 | 0.6 | 0,903 | 3,350
al 57 14,03 | 0449 Be5 | 0,31 | 0s45 2,350
5| 30 | 9315 | 0439 | 2.85 | 0s203 | 05293 | 1,900
6| 21 [10,08| 0,25 1.8 | 0,081 | 0.118 | 1,200
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TEST OF 8IX 3/8 INCH 90 DEGREE S0LDER-JOINT CAST BROWZE

- ELBOWS USING A METRIC RECORDING MBTER

Water btenp, 58 F

W&ter~

Pregs,

‘Time | Flow Meter Reyndld'é
Weight | - | Reading | Diff, . v* Number
1be |Min. | @.P.M, - -Inches _ft2
. : Water 5865
74 | 11,81 0,751 | 7.73 1,49 2,76 | 44600
1| 54 |11.83/0.548 | 5,71 0,815 ' | 1.46 | 3,350
100 | 12,44 0,965 | 9.81 2.4 - 4.5 5,860,
66 9,77/ 0,81 | 8,15 1,66 | 3,17 | 4,920 -
2 56 14042 0Q4'65 } 55(? 01; 625 ‘ 1004-' 29820
| 85 | 10,78 0,947 | 9.4 2,21 | 4,37 | 5,780
75 . | 10,18 0,885 | 9,08 2,06 3,8 | 5,400
3] 47 '] 7.94 0,71 7,36 1,35 2,44 | 4,300
34 | 10,49 0.389 | 4.25 0,451 | 0.74 | 2,380
86 | 0,99 1,033 | 9,9 | 2445 5.2 | 65300
4|l 59 9,57 0,74 | 6.85 1417 2,66 | 44500
28 9,57 0,35L | 3.4 04289 0.59 | 2,120
102 | 12.62 0,98 907 2,35 4566 | 65000
5| 55 | 9,72 0,68 6,97 1,215 2,25 | 4,150
55 | 14,53 0,455 | 4,95 0,613 1.0 2,670
85 | 10,98 0,93 9,05 2,04 4,1 5,6%0
6| 64 | 11.36 0,676 | 6,72 1,13 2,22 | 4,120
53 ‘ ll‘a 2-9 0¢35 3&8 G¢56 0¢594 2;120
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TEST OF A 7 1/8 DEGREE 3/8 INCH 0.D.
COPPER PIPE BUND :

Water filled manometer Water temp. - 40 Fs
Press, | Water | Time Flow Cl o ﬁ'eyn.olm &
Diff, Weight o v Humber

 Inches 1bs Wine | GoB.M. _f__ﬁ_;‘?‘_ -
Water . ‘ J ' . secz
1| 0,316 | 10 : 1°§12 | ow7b1“]: 9.85,. 5y?50‘
2| eeer | 10 | L.z 1,0 | 2042 . 8,200
3| 126 | 10 | 0.862 | 1.39 59,0 11,400

4| 2,16 | =20 134 | 1,79 | 64,6, | 14,700

5| 2.56 | 20 | 1,282 | 1.946 | 76,4, | 16,000

6] 3.,11. | 20 | 1.317 | 2,15 -|93,1. | 17,650

2| s.78° | 20 | 1.005 | 2,39 [114,7 . | 19,600

8| 5.0 | 20 | 0,833 |- 2,88 [166.5. | 25,000
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TEST OF A 15 DECGRER 3/8 INCE 0.D.
'COPPER PIPE BEND

Water filled manometer Water temp. "4;0: e

| Prééso' | Water Time Flow Reyﬁél‘d's
Diff, Weight Ve Number
‘Inches '| b, | Min, | G.P.H. | _£t?
| |- Water ° ‘ | ' s@c®
1| 0,434 16 | 2,007 | o0.508 | 7.18 | 4,900
| 2] 0,749 .10 | 1.475 ;0a814 | 13,3 | 6,700
| 31 .18 | .10 |1.216 . 0,988 | 1946 85100
4| 1,73 10 1,008 3,19 28,5 Jgpﬁdo
5. 2,32 20 1.726 | 1,39 39,0 10,400
6| 2.80 20 1.577 élasz. | 46,5 12,500 .
7| 3,70 20 | 1,374 | 1.75 | 61.9 | 14,400
8| 4,69 20 | 1.21 1,98 79.0- | 16,300
9| B.48 20 1,133 | 2,12 90,6 ' | 17,400
10 | 6.54 20 1,035 | 2.32 |108.0. | 19,000
11| 6,54 20 - - 1027 2,34 110.0 195200
12| 9.45 20 0,867 2,76 | 15L.0 22,500
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TEST OF 4 224 DEGREE . 3/8 INCH 0,D.
COPPER PIPE BEND

Water filled manometer Water *ﬁe‘m;ﬁ 4G T,

Press, | Water Time | Flew ‘Reyhnold! 8
Diff.. | Weight v Hulsber
" Inches 1, Min, | G.P.i, £2
Water Seo® -
1| 0,434 10 2,133 rlqé565 6,35 4,610
o 0,67 10 1,66 | 0,722 | 10.5 5,940
| 3| .18 10 1.278 | 0,94 177 75700
4| 1,65 10 1,087 | 1,103 | 24.5 9,060
5'2;16 10 0,95 | 1.26 32,0 10,300
6| 2.80 20 1,695 | 10417 | 40,4 11,600
7| 3,74 20 1,46 | 1,64 54,0 13,450
8| 4.49 20 1.332 | 1.80 65,4 14,800
9| 5.4 20 1,217 | 1975 78,5 16,200
10| 6,19 20 1,135 | 2,12 90.5 17,400
11| 7.65 20 1,027 | 2,34 110,0 19,200
12| 10.3 20 0,892 | 2,69 146, 4 22,200




TEST OF A 45 DEGEEE 3/8 INCH 0.D.
COPFPER PIFE BEND ‘

Water filled manometer

Water temp. 40 F

Press, Water Time Flow . Reynold's

Diff, Weight | ' v? | Numbex

énéhes | e. | wming G.P. | _££2 |

Jater ‘ | 5962
1 0.394 | 10 |- 2,704 | 0.444 | . 3.92 | 3,630
2l 0,67 | 10 2.125 | 04565 6.2 4,560
3| 1.14 | - 10 1,647 0,73 10,7 6,000
4l 1.535 10 1,417 | C.848 | 14,4 6,970
5| 2,24 .10 1,19 | 1.01 2045 8,300
6f~ 2,95 10 1,037 | 1,16 27,0 . 9,520
7| 3.62 20 1,87 | 1.28 38,1 10,500
8] 4,45 20 1,68 | 1,43 41,1 11,750
o 5,28 20 1,527 | 1,59 49,8 | 124,900
10| 4,96 20 1.58 | 1.52 46,5 | 12,500
11| 4,53 20 1,65 | 1.45 48,3 | 11,900

19 7. 36 20 1,284 | 1,87 705 ,i5;400

13 9.38 20 1,138 | H,11 89,5 17,300




TEST OF A

=68

45 DEGREE 3/8 INCH 0.Ds

COPPER PIPE BEND
ELROW -2

Water filled manometer Water teﬁpw 40 F

Pressg, ‘Wa%er. -Timé Flow ,Beynold*é'
| Diff. | Weight | ' V¥ | Number:

Inches 1%: | Ming &@é?mé' _ft? .
Water ‘ - | gaal

1! 0,512 .10 2,481 0,484 4,71 3,980
2| 0.828 10 |1.012 | 0,627 | -7.90 | 5,160
|| 1,22 10 . |1.565 | 0.767 | 11.8 65500
4| 1,575 10 "15362 |" .88 16,0 75350
5| 2.32 10 '15115 '11075 23,2 ' 8,830
6| 2,95 10 0,977 | 2,35 | 30,5 10,100
7| 3.50 10 |0.904 1,33 35,6 | 104900
8| 4437 10 0804 1049 | 44,8 12,250
9| 5,35 20 1,465 1,65 55,0 135600
126 | 7,35 20 1,26 1,92 T4,1 | 15,800
1| s.98 20 1,127 2,13 9l.4 | -17,500




) f I

TEST OF A 45 DEGREE 3/8 INCH 0.D.'

COPPER PIPE REND

ELBOW #3
W&te;r- filled manometer Water -temp. 40 F
- Presg, We.ter Time Plow | 5 Reymoldfs
Diff, - Weight : v - Number
Inches Y P Mine | G Pl R .
Watber ' - ‘secs ”
1| 0,394 10 2,945 04408 835 35550
2| o.827 | 10 1.954 | 0.615 | 7,61 | 5,060
3| 1.22 10, 1,575 0,762 | d1.70 65260
4| 1.57 10 1,367 0,866 | 15,10 | 7,120
5| 1,97 10| Le2av 0,965 | 18,75 75930
6| 2.56 3.0 1,082 1,11 24,8 9,110
7| 8,35 20 | 1,913 | 1.25 | BL.5 | 10,300
8| 4,14 20 1,70 1.4l 40,1 11,600
9| 5.09 20 | 1.545 | 1,55 | 48.5 12,750
10| 6.15 | 20 1,404 | 271 | 5940 | 15,000
12| 786 20 1,264 1,90 72.8 154600
12| 9.02 20 | 1,165 | 2,08 | 87.5 | 17,100




THST OF A.90 D"‘GRBE 3/8 INGH 0.D.

# 7L

GOP"F’EH PIPE BEND

gLBOW 1
Water filled mancmeter Water . temp. .40 ¥
Presss |Water | Time: | Flow . Reynoldts
p;f:ﬂs‘ Weight - ' v Fumber
Inches 1hs Wine | G,P.M, | _ft3 .
waiter | eo?
1| 0.788 10, 1,85 | 0,65 | 8,83 5,350
2| 1,45 20 2,68 | 0,895 | 16,1.. 75850
3] 1,02 100 | 1.60 | 0,75 | 113 6,150
2| 1.89 10 1.163 | 1,03 | 21,4 8,460
| 5| 2.95 10 Qfgzsl 1430 54,16 10,700
6| 5,82 - 30 2.43 | 1.48 |44, | 12,150
7| 4,95 20 145 | 1,68 | 56.9 . | 13,800
8 'aﬁgg 10 0.607 | 1:98 79,0 | 16,250
91 7,98 20. 1,13 | 2415 93,1 175650
10| 7.98 20 1,028 | 2.35  [L09.5" 19,150
11 (9,63 10 1.057 | 1,16 | 27.2 | . 9,560
12| 2,36 10 1,84 | 0,65 8:55 | 54350
13 | 0,788 10 161 | 0,745 | 11,16 6,120
|24 1,02 10 1.304 | 0,92 | 17406 7,560
|15 | 1,49 10 1,136 | 1.06 . | 22,65 8,720
16| 1,97 10 1,084 | 1,11 24,8 9,120
17| 2,20 10 0,99 | 1.21 | 2945 9,950 -




R [ N
TEST OF A 90 DEGREE 3/8 INGH 0.:D.
| GOPPER PIPE EBND
ELEOW ¥

Water fil‘lad. m&mmeter ' L | - Water temps. 40 F
‘ Présab Water | Time 1 Flew | o - | Reynoldts
Diff, | Weight - L | v | Wumber
Inohes | . Llbs | Mins G.Pa. | £t2 | .
| Waber | | | see® :
1| 0,512 | 10 | 2.98 | 0,432 | 5,77 | 34860.
2 | 0,906 10 . 2,003 :bmﬁgé 7:18 | 4,900
31 .38 | 10 1,687 | 0,757 | 1146 6,230
a| mo1 10 | L3514 | 0,915 | 16,8 7,500
5| 2.64 | 10 | 1.3 1, D6 22,8  '-s§v&0
6 | 3,19 | 30 | 1,032 | 1.16 27,0 | 94580
7 | 4,01 10 C0.9%7 | 1,31 | 34,6 | 104800
8 | 4,92 10 04824 | 1,46 43,0 12,000
o] 5.85 | 20 | 0,754 | .89 | 51,0 | 13,100
10 | 7.8 20 | L.804 | 1,84 | 68,2 | 15,100
|11 | s.67 | =20 1,24 - | 1.94 | 76,0 | 16,000
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TEST OF A 20 DEGREE 5/8 INCH 0D
COPPER PIPE PEND

ELBOW #3

. Water. temp. 40 F

_Water £illed manometer

Press, . Waﬁar Time | Plow | Ra:mb'léiis
Diff, Weight | y2 © Number
Inches Toe | Wine | GuReda. | _£45 -
Watetr : .-
1| 0,493 1.0 2,957 | 0,41 558 5,370
2| o.827 10 2,152 0,559 6425 épsao
5| .22 10 1,758 | 0,691 9,60 | 5,690
4] 1,69 20 1,427 | 04842 | 14,3 6,920
| 8| 2,12 20 | 2.602 | 0,922 | 1%.3 7,560
6| 2Z.52 10 1,186 | 1,01 - | 205 8,300
7 Bl 10 1,068 | 1,125 | 25,5 19,250
8| 3.50 20 2,012 | ‘1,19 28,6 95770
9| 4053 20 177 | 1436 | 37.2 13,4200
10| 64035 20 15525 | 1575 | 49.9 12,900 .
11| 7.64 20 1,854 | 177 6545 14,500
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TEST OF A 135 DEGREE 3/8 INCH O.D.
| " "COPPER PIPE BEND

Water filled manomster. Water temp. éO'F'

| press. Water | Time Flow . Reynold!s
 Diffs Weight v Hunmber
Inches 1%, Win, - GePbﬂ;A ‘ _ﬁﬁf
| Water | sea® .
1| o0.512 10 - | 2,76 0,435 | 3:80 | 3,570
2| 0,865 | 10 2,013 | 0.507 | 7.18 | 4,910 .
5| 1,38 10 1,59 | 0,755 [115 - | 64210
4] 1,97 10 16327 0,905 ‘1$&5f 74450
5| 2,76 10 1,102 | 1.09 | 24,0 8,970
6Q' 3,46 '1@1 0,98 1.28 | 30.0 | 105000
7| 4ed 10 0,87 1,38 | 38,5 11,360
g| 5.24 10 [ 0,798 | 1,50 | 4604 - | 12,300
9| 6,00 10 0.749 | 1.60 | 51.6 | 18,100
10| 7.40 20 1,338 | 1.80 | 66.4 14,700
11| 8,85 20 122 | 1,97 | 78.1 16,200 -
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TEST OF A 180 DEGREE 3/8 INCH.0.D.
COPPER PIFE BEND

Water filled manometer

Water temp, 40 F

‘ 'Pyessa Water | Time. Flow 2 | Reynold's
.lefﬂ Weight | : v . Kumber
 Inches | 1bs | Minm, GoPolle | 55
. Water , o ' ‘sec®

‘1| 05315 10 20262 | 0.55 5,66 | 4,360
2| 0,59 1.0 '1471’ | o.702 | 9.92 | 5,770
3| 0,908 1) '1.392 | 0.863 | 15.0 7,100
4] 1.3 10 1,214 :0@989 '19@7," 85130
5| 1,61 30 | 1.ov | 1.2 25,3 | ‘9,200
6| 2,20 10 04914, 1,315 | 34.8 119,309
7| 2:84 20 | L.625 | L.48 44,1 | 12,150
8| 3.46 20 | 1.47 | 1.63 | 53.5 | ‘13,400
9| 4,18 20 - 2337 | 1,80 65,4 14,800
10 | 5,04 20 1,222 | 1,96 77,6 | 16,100
11| 5.91 20 1,132 | 2,12 | 90.5 17,400
12| 7.8 20 0,985 | 2,40 .|116.8 | 19,800
13| 9.41 20 | 0.895 | 2.65 | 14430 | 22,000
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TEST OF A 7 1/2 DEGREE 3/8 INCH O.Ds COPPER PIPE
EEND BEFORE BURRS WERE REMOVED

Water filled manometer

Water temp, . 40 T

P?éié’ﬁ'o‘ W&}fseﬂr,. Time Flow o Reynold's
Diffe N Weight ‘ v Number
Inches ow, | Minm.. | GiPuM. |_ft°
E{g’cer E " ' T Secs
1| 00315 | 10 | 3,907 | 0.308 | L.oi 2,530
2| 0,571 | ‘10 | 2.ysa 0,437 | 3,84 35590
5| 1,06 10 | 2,025 | 04593 V.07 | 4,870
4| .58 10 | 1,664 egvza' 106 55940
54 2,01 '1éf | 1,50 0480 "12ﬁ9‘. 6,580
8| 220 | 10 14407 | 0,855 | 14,75 74040
7| 2,64 10 1,294 | 0,928 | 173 74620
8| 3.07 10 1,188 1,01 2046 85300
o| s.82 | 20 | =214 | 1.2 |25.3 95200
10| 4.89 20 1,904 1.26 | 32.1 104400
11| 5,91 20 1,72 1,395 {59.2 | 11,500
12| 7,21 20 1.572 1,536 . | 476 12,600
13| 9.48 20 1,377 1:745 | 6145 144350
14| 12,0 20 1,270 1,89 | 72,0 15,500




TEST OF A 15 DEGREE 3/8 INCH 0,D; COPPER PIPE
FEND BEFORE BURRS WERE REMOVED

Water filled manomet@r | ' : Watar 'tempc 40 P
Press, Water - | Time Flow . | o)  Reynold's |
Diff, Weight : ' Number
Inches lba Ming GoPoH, ‘ ftg‘

Water | ' seo®

1| 05394 10 3082 | 0,594 | 3,14 | 3,240

2| 0,591 | 10 2,452 | 0.404 | 4,80 | 4,070

3| 0,985 10 1,854 | 0,648 | 840 | 5,510

| 4| 1,34 10 1s614 | 0.745 'iloﬁﬁ, | 6,220
5| 2,01 10 1,31 0,917 |[16.9 7 yB40
| 61 2,48 10 | 1,163 | 1,03 |2l.4 | 8,460

7| 311 10 1,04 | 1,16 ' [27,0 - | 9,520

8 | 3,90 20 1:862 | 1,295 {33.8 | 10,650

9 | 4.89 20 | 165 ‘_i;456 42,86 | 114950

10| 5,95 | 20 1,492 | 1,61  [52.1 | 13,200
{11 | 7.80 20 1,288 | 1,866 70,0 | 15,300
12.| 9.90 20 1.137 | 2:11 89,6 | 17,300
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TEST OF 4 22 1/2 DEGREE 5/8 INCH 06D, COEPEE. E’IPE

BEND HBEFORE BURES

WERE REMOVED

Water filled manometer -Water temps 40 T
Press;. | Water Time Tlow Eeyﬁalld"e
DiFT, . Weight 1 | v Number
| Incnes 1be wime | G.RaL | _£8f
Water ' : : | sée® -
1| 0,515 10 2,84 0,423 5,62 5480
| 2| 0,59 10 2,095 0,573 6s6 45710
3| 0,945 ;10' 1¢697 0,749 | 11.8 64150
| 4] L.46 10 1,502 L0,981 | 171 -?5530
| 5| 2,93 10 1,136 | 1,06 ag@v: . 84720
6| 2,24 10 | 1068 | 1,125 | 255 B850
7| 2,95 20 1,870 | 1428 33,1 | 10,500
B | 3,74 20 1y 65 1,45 42,5 115900
9| 4,47 20 1,566 | 1,54 | 478 | 12,650
10 | 5,48 20 1,358 | 1,77 65,2 | 144550
11 | 7,17 20 1,219 | 1,97 T8, 4 165200
l12 | 8.76 20 1,00 2,18 | 96,0 .| 175950

rp— o p— — rp——

\|
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TEST OF A 45 DHGREE 3/8 INOH 0,D., COPPER PIPE

 BEND BEFORE BURRS WERE REMOVED -

ELBOW .73
Water filled manometer _Wa:ter' temp_sl ’40 i
Pres.s . Water Time Flow Rveyno‘lxi- ‘g
Diff, - Weight v  Number
Inches 1. | win, | Pt | _£t? o
| Water : sece '
1) 0.7 10 2,57 0,47 4,45 55860
2| 1.06 | 10 2,157 0:56 6,30 |. 4,600
3| 1,61 10 1,748 0,69 9,60 54680
4 2,16 10 0 |.1.506 0,80 | 12,90 6,580
5| 2,75 " 20 2,662 | 0,90 | 16,30 7,400
6| 3,26 20 2,449 0,98 | 19.4 '”méyoaé
7| 4,05 20 | 2,189 1,10 | 24,3 9,010
8| 5,0 20 1,97 1.22 | 30,0 10,000
9| 5.86 20 1,82 1,32 | 35,2  |.10,850
10| 7.51 | =20 1,612 | 1.49 | 44,8 124200
11| 8,38 20 1,527 | 1.57 | 49,7 | 12,900
| 12| 10,10 20 1,387 1,73 | 60,3 14,200
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TEST OF A 90 DEGREE 3/8 INCH 0.Di: COPPER PIPE
BEND BEFORE BURKS WERE REMOVED

ELBOW #1

Watbter fiiled manomebey Water temps 40 ¥
Press. | Water Time Flow | . ' Reynold's
| Diff. | Weight R V| Number
T | a2 '
- Inches | . 1b, Min. GoPolM, | EL
" Water ] gee ‘
1| 04384 10 1,762 | 0,681 9,36 5,600
2] O.%1 .| 10 1 1,247 | 0,964 18,75 7,930
3| 1.14 20 0,996 | 1,185 | 28,8 9,840
4] 1,65 20 1,66 | 1,456 42,9 12,000
5| 2,32 20 1,46 | 1644 | 54,8 | 13;550
6| 2.88 20 1,308 | 1.84 68,2 15,100
7| 3.58 20 1,157 | 2,08 87.5 17,5100
8| 4.21 20 1,077 | 2,23 100,0 18,300
9| 4,96 20 1,028 | 2.34 11030 19,200
110 6,19 20 0,912 | 2.64 14050 21,700
11| 7.25 20 0.85 | 2,82 160.0 23,200
() v/‘
//‘/“-/‘/ ¥

102994




Y

N378
Bl oReE -102994

- Batch, J.M,
An 1nvestigEE§5£~S§“g“Biﬁgm»~\.

;"ﬁ§9§§ﬂf9; determining the
aTe [L L msusnge e
W61 86" INFRRIIBRARY LoAN




