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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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ABSTRACT OB THE THESIS
O0

■ The purpose /of this investigation was to stu,(|y the 
possihility or using a %ipe bqnd .to measure' the quantity of 
■ flow of water in vA small pip©, Thg flow was to he0"metered "by 
measuring 'the pressure, difference: aqros’s the ihslda ahd put- 
side cury.es of the pipe bend, , . ' * 0 m

• Advantages -of :a pipe bend flow meter oinclude sIpw in
itial cost and no additional resistatt?® tp flow,,,.. . o g/ -

• Tests were run.pn f6 degree solder-joint east bronze
elbows of sizes' from 3/8 Inch to I 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 dif
ference across the curves of the pipe 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 and the square of the mean velocity- of ^
flow, . I \

It was concluded from the tests that a small pipe bend 
may be made into a flow meter with satisfactory results* Pipe 
bends frb$t 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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GHAPTER I : " ■

TUB PROBLEE

Statement of the Problem0 It was the. purpose of this 

Study to investigate the' possibility of. using a pipe bend to 

measure the quantity of flow of water in small copper pipeS6 
This was to be ‘accomplished by measuring the pressure differ
ence of the water between the inside and outside curves of the 

bend as shown in Figure I0 ,

Validation of the problem. When water is flowing in a 

closed pipe system* operating under a small pressure head, it 
is often necessary to measure the quantity of water flowing. 

This necessitates a £low: meter that will add a negligible 

pressure drop to the existing system. It is a characteristic 

of a flow meter constructed from an existing pipe bend that 

there is no additional resistance to flow.

The relative simplicity and the small original cost are 

also desirable qualities of a flow meter 'constructed from a 

pipe bend.

Organization of the thesis. The material presented in 

this study includes (I) 'the results of tests made on commer

cial cast bronze 90 degree elbows of sizes between 3/8 inch 

and I inch; (2) the results of tests made on pipe bends of 

constant radius and diameter but of varying amount of bend;
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FIGURE I
CROSS SECTION OF PIPE BEND SHOWING METHOD OF 

MEASURING PRESSURE DIFFERENCE
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ajad (3} an effort to predict the results "by mathematical analy

sis.*.

Review of the literature* There has not been a great
. •'

deal of«'literature published -on the subj eot of using-a pipe.
■ V-1

bend as,a flow meter* The subj ect, however9 is not a n'eW one*
In 1914 Levin^ described in an article a flow meter that. had 

the general shape of a pipe elbow# but with a square cross 

section. Test data gathered from experiments on steam as a 

flowing; fluid was presented* ;
In an article published in Power2 a flow meter of a 

rectangular hyperbolic section was shown* The meter was pre
ceded by straightening vanes and had-a rather complicated, • 

recording apparatus*
■ Yarnell and Nagler5 in a study of. the characteristics 

of flow of water around large plastic pipe bends# mention that 

a pipe bend could be used to meter the flow* However5 their 

main study was confined to the flow lines through,the.bend and 

the drop in static pressure due, to the behcU In their discus- 
,sion of static pressures they bring out the idea of the pipe

bend being used as a flow meter*

* I a * M* Ievin5 "A Plow Metering. Apparatuss51 Trans- 
actions A4B4KiE*., 36:239-54, September 1914*

■ '' «The Hyperbo Electric Flow Meter9" Power, 57*1024-25,
June 26# 1923* -

3 David L* Yarnell and Floyd A* Naglers “Flow of Water 
Around Bends in Pipes#!• Transactions A*SoC.E., 100:1018.^32# 193c
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aXreaX A. Winter' did experimental work on the .measuring 

of. .flow in hydraulic turbines. This was done by tapping the

scroll case on the inside and outside bend surfaces and me&s**
■ ■ ; * ■ ■ - 

uring the pressure difference* Fairly'good results were ob
tained by this method although it was concluded that the-scroll
' 1 V -  ' y " » . I - . »'

case should be calibrated against a known flow when converted

to a 'flow meter, • '

W» M e.Lansford has- done considerable work on 90 degree

elbows used-as flow meters* He tested threaded elbows between

one inch and four"inches in siseg and flanged elbows ranging
in sise from four inches to twenty-rfour inches# Both the.

threaded and the flanged type elbows Were .'found ■ satisfactory

for use as a flow meter#
' ■Thus while the idea of a pipe bend used as a flow meter

. . . .

is not new the investigations previously undertaken were 

largely limited to large sise. elbows 3 90 degree elbows9 or 

specially made elbows of odd shapes#'

' ”d" Xreal Ab Winter.9 “Improved Type of Flow Meter for
Hydraulic Turbines9” Transactions AaS0C0B *& 99s847-66  ̂ 1934

5 V/. M 0 Lansford5, "The Use of-an Elbow in a Pipe Line 
'For' Beterming the Rate of Flow in the Pipe," university of 
Illinois Engineering Experiment station Bulletin Mo* 289, 
December 22, .1936, 36 pp#



CHAPTER II

THE METHOD OP PROCEDURE ,
•

In thd donstructidn of the flow meters from pipe Tj^hdss 

and in the experimental data collecting, all materials and 
tools used, were of the common type found in any machine Shop0 ■ 
Ho Special apparatus was used or constructed so that dupli

cation of the. results of this investigation could "be possible*

I0 CONSTRUCTION CE TBE PIPE BESDS

.-Cast .' elbows* Sine OO degree cast bronze Solder-joint 
type elbows were converted to flow meters*. The different 

sizes and construction details- are shown' in Figure %  In the 

construction process tube adapters were silver soldered on the 

inside and outside bends of the elbow» Holes were then drill* 

ed through the surface of the elbow with the tube adapters 

serving as guides* Care was taken to remove all bufrs formed 

in the drilling operation^ All of the east•elbows had a very 
rough, unm&ehihed■surface on the inside and no effort was 

made to improve this situation*

Long-radius pipe bends. ' Eleven ■ long-radius pipe bends 

were made from 5/8 inch outside diameter' copper tubing. These 

bends had a. constant radius of bend of 15/16 of an inch but 

varied in amount of bend from 7 1/2 degrees to 180 degrees.
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CONSTRUCTION DETAILS
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Seven pipe bends of different amounts of bend were constructed; 

7|-» IS9 22^, 45, 90, 135, and 180 degrees* Typical construct 

tion detail is shown on two of the bends.in. Figure 3. As- these 
pipe bends were- not- intended for permanent construetion, adapt

ers for- copper pipe were not silver- Soldered on as in the case 
of- the Cast .elbows* ■ Instead, rubber* • tubing adapters, in, the . 
form of. one quarter inch copper - tubing, were soldered on the 
inside and outside, of the bend* Holes were drilled through ; 

the surfaces of the pipe using.the adapters as guides* :Very 
prominent burrs were formed on the inside of the pipe result= 

ing from the drilling .operation. These burrs were not removed . 

until after the first 'series of tests, were run in ah effort to 

find the effect of the burrs on the performance of the pipe■ 

bend as a flow meter*

II. MBASTJRim D WlOBS USED

' Manometers.* Straight U= tube manometers were found very- 

satisfactory for measuring the pressure differential across 

the pipe bends and elbows* Mereury9 water, and Gage Bluid Ho*

3 of the. Meriam Instrument, company of Cleveland, Ohio were all ■ 

used in the manometers* The gage fluid had a specific gravity

of 2*95« Water was used in the manometers when the pressure
-

differential was very Iow9 while the-gage fluid and mercury 

were used for pressure differences of higher values*
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A metric recording meter*' A recording pressure differ

ential- meter was obtained from the American Meter Gompahy of 
Phiiiadelphia and Was used to record some of the readings oh • 
the cast elbows*" The meter had a float resting in mercury

■ - • . - : • /,

which' was acted on by the differential pressure below and;
' ' " , _ .'"Ji ■ :

above the float*■ The float in turn actuated a marking point 

Which recorded the reading oh a rStating, ■ chart» The meter; 

recorded a maximum pressure differential;;:;of either two and one 
half -Or 'ten inches of water9,,depending upon the size of float 
used* The pressure differential was measured according ...to,'the 

mathematical equation '■

• M 2.5
for the :”2|- inch11 float # and

(I)

■ M  * 10 (8)
for the, "10 inch" float

where M;®' recording meter ,reading
. - h * pressure differential., in inches of water 

The circular recording chart had a linear scale, from one to 

ten starting from the inside and running- radially to the out-, 

side* The metric recording meier proved to be a sensitive 

instrument for recording small pressure differentials#
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FOr all tests on the cast elbows the equipment was set 

up a s .shown in Figure 4«. City water was run into a pressure 

tank to smooth out variations in flow and to subject the water 

to a definite static pressure* The water was throttled by the 

discharge valve and the valve, on the entrance to the pressure 
tank*, The total amount of flow for each reading of the’flow 

meter: was weighed in a weigh tank against time taken with a 

stop watch* With the use of the pressure tank very little 

pulsation took place in the manometer*; For tests using the 

recording meter the manometer was replaced with the metric 

recording meter and the rest of the equipment set up was, the 

same* ' ■'

For the tests on the long-radius pipe bends the equip

ment, was set up ,as shown in Figure 5*.. Ah 1 the ,pressure .differ

ential in these tests was relatively small p. water was used in 

the manometer* To control the amount of air in. the pressure 

lines leading to the manometer a water reservoir was placed 

in each pressure, line,* The water flowing through the pipe • 

bend was' weighed against time to determine the rate of flow* 

The manometer readings were quite steady^ especially for the 

very low rates of flow*



—IS—

ELBOW

FIGURE 4

APPARATUS ARRANGEMENT FOR TESTS ON THE CAST ELBOWS
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WElGH
TANK

FIGURE 5
APPARATUS ARRANGEMENT FOR TESTS ON THE LONG RADIUS PIPE BENDS
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GHAPISB III

EBSDiTS OQ THE OAgT SSbOWS

The results of the investigation on coverting commer

cial type 90 degree solder-joint east "bronze, elbowe of less 

than I inch in size into flow'meters are reported in this 
Chapter6 The relation "between pressure differential across 

'the elbow to the quantity of flow and to the Square of the 
velocity of flow will be discussed* Also9 a comparison of the 

results of six elbows of the same size will be shown*

I6 THE BELATIOH BSTtSM PEESSTJBE DIEPEEBHCB AHD PLOW

Using manometers* In Eigure 6 is shown the relation 

between the pressure difference' across the inside and outside' 

curves of.a I inch 90 degree solder-jOint Cast bronze elbow/ 
and the quantity of flow in gallons per minute* This curve 

'includes three different teats, . In the first test the manom- " 

eter was filled with. Meriam gage fluid Ho* 3 and the pressure 

in the pressure tank {Figure 4 9 page. 18) was allowed to vary 

from 4*4 psig to 16*0 psig* In the. second test the-same ma

nometer was used but an effort was made to hold the pressure 

in the pressure tank constant at. 12* 2 psig.* In the third test 

mercury was. used in the manometer and the pressure in. the 

pressure tank was varried in three steps; at 4*0 psig* 6*5 

psig9 and 10*0 psig*
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Flow, Q, in gallons ppr minute
5 6 7

FIG. 6 RELATION BETWEEN PRESSURE DIFFERENCE AND FLOW FOR
A I INCH CAST ELBOW
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As noted in Figure 6 the relation between pressure dif

ference and flow is a straight line when plotted on logarith

mic graph paper. The'mathematical equation for this straight 

line may be written.

where h s pressure difference between the inside and outside 

curves of the elbow in inches of water 

Q1 z. quantity of flow in gallons per minute 
' n s slope, o f ■the Curve9 a constant 

The solution of this equation is

where Z s. a eons tan t of integration and depends on the elbow. 

The value of n was found to be 1,96 for the I inch and ^ inch 

elbows9 and 1*91 for the 3/4 inch elbow. These values compare

tion of larger iron pipe*
In Figure 7 is shown the relation between the ’pressure 

difference across the inside and outside curves of a 3/4 inch 

90 degree solder-joint cast bronze elbow9 and the quantity of

Laneford9 "The Use of an llbow in a Pipe line 
For Determining the. Rate of Flow in the Pipe9" University of 
Illinois Engineering Experiment Station Bulletin B"o, 2899 
December SS9 1936-9 p 18« ' ■

(3)

In h e n In ^ f In Z

h s ZQ* (4)
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Flow, Q , in gallons per minute
% r  6 7 B 910

FIG. 7 RELATION BET7»EEN PRESSURE DIFFERENCE AND FLOW FOR
A 3/4 INCH CAST ELBOW



flow in gallons pen minute„ In this test the manometer was 

filled with Mevism gage fluid Ho*. '3 and the pressure in. the 
pressure tank was allowed to vary* • . . . ,

In Figure 8 is shown the results on a 1/2 inch 90 de
gree solder-joint cast "bronze elbow. The. test conditions were 

the same as with the 5/4 inch elbow*

Using g metric recording meter* In Figures 9> 10» 11» 
.and 12 are shown the relation between the pressure difference 
across .the inside and outside curves of 90 degree .solder-joint 

east bronze elbows- as. recorded on a metric recording meter# 

.and the quantity of flow in gallons per minute*
The siss curves shown in Figure 12 are for six 3/8 inch 

90 degree cast elbows that were constructed as similar to each 

other as possible* ■ The results indicate that in the ease of 

the elbows tested the curve qf one,elbow may be applied to 

another elbow of the same size#,if extreme accuracy is not 

required* -, .

As shown in Figures 9#.IO9 lIls and 12 the slope of the 

curve plotted from the meter reading and flow is a constant* 
Thus an equation may be set up expressing the relation between 

the two variables*
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10 a

Flow, Q, In gallons per minute

FIG. 8 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 I 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



— 28™

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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Flow, Q , in gallons per minute

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

v
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dQ r 0 / dE
/o X)

q - OE (5)
where q a quantity of flow in gallons per minute 

M  z meter reading

0 't a constantj depending upon the elbow 

The Oonstants Gs may be calibrated for each individual elbow 
in the laboratory* Then the flow at any time will be the 

constant; ■ times the meter reading*

The constant in equation (5) along with recommended flow 

ranges for each size elbow tested when using the metric 

recording meter are shown in table I 6

I H 6 THE HEMTIOh BETWEEh PRESSURE BIEhEHEhGE AND 

TEE aqUARB OE VEhOOlTy

■ The relation between the pressure difference across the 

inside and outside bends of the 90 degree solder*j oint Caet 

bronze elbows testeds and the square of the mean velocity of

flow in the pipe is shown in Figure 13* The slope of the ■
' ,x . .1 ' ' ' '

curve for each elbow is approximately a constant# ^hus a

linear equation expressing the relationship of pressure differ

ence .and velocity squared may be shown*

. dh , — jK
'Uv2/
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RECORDING METER CONSTANT AND RECOMMENDED 
.BLOW RANGES

- 31-

BXTaow Sise Bloat
Installed

Meter
Oonstant

Recommended 
Max0' Blow '

Inches Inches . G*P.M, per .
,, Chart. div„

Gallons ,
per minute '

I Si ‘ O6 605, 6.0
3/4 2i p6&14 3,0 .
1/2O ■ Si 0.143 .1,4
3/8 si 0.098 1.0
I 10 1.21 12,0

3/4 10 0.688 6.0
1/2 10 0.286 2.8
3/8 '

i
10 0^196 2.9
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I BOW

Velocity squared, V , in ft /sec
30 35

FIG. 13 THE RELATION BETWEEN PRESSURE DIFFERENCE AND THE
SQUARE OF VELOCITY FOR CAST ELBOWS



wjiere Ii ~ pressure difference "between the inside and outsid©

. cur ire s of the elbow iii inches'of water'
V s. the mean velocity of flow in the pipe in feet per 

second .
K  s a,dimensional constant, depending upon the elbow 

If the constant, &*>, depends' upon .the physical dimensions of 
the elbow, and if. the 6cmst$mt could be calculated, accurately , 
then the flow through a pipe could be calculated by knowing 

■ the pressure differential across an elbow0. Thus a pipe bend 

could be., conirerted into a flow meter without first calibrating 

the elbow Ih the laboratory* A further imrestig&tioB of the 

constant, '%*,'vill be made in chapter V.



CHAPTER IV

RESULTS OE T M  LOtfG-BADIUS PIPE HEEDS : ' r

In the use of ‘small size copper tubing* bends are often 
made in the- tubing itself rather than inserting a cast.elbow0 
Thus it may be of interest to realize the possibility of .using 

. the ■ bend as a 'flow meter by taping the inside and -outside 
oxirves and measuring the pressure: difference, apros-s the bendo 

The results reported here are of tests made on bends of vary* 
ing degrees of bend in 3/8 inch outside -diameter copper' tubing. 

All bends were made with a standard pipe bender,, Whichligave a 

radius of bend of 15/16 of an inch.

The relation between'pressure difference and flow, in 

Figure 14 is" shown the relation between the pressure differ* 

ence across the inside and outside pip© bend curves, and the 
quantity of flow for eleven long-radius pipe bends with bends 

ranging from 7-̂  degrees to 180 degrees. During these tests 

water was used in the manometer to measure pressure difference 

in inches of water, while the flow was measured in gallons per 

minute by means of a weigh tank and a stop watch.

Equation (4), h = Zqn ? derived on page 22 in chapter 

III may be applied to each of the bends whose curve is shown 

'In Figure 14. 1 The value of A in equation (4) for each of the 
long^radius bends tested is given in table II,
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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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TAELS Il

VALUES OS n FOR 'LOEG-EADIUS RIPE EBEDS

*»36̂

Siise of 
Bend

■ ti

Degrees

_ • ,2,»03

15 S6OB

82& 2,02

45 So6, I / 2t02

45;SO* S I6 95

45 Ho, 3 ■ 1.99

90 Eo*, I • ' 1.96

90 Eo6 - 2 Io 91

90 Eo6 3 ’ 1.93

136 1»96

180 2.09



It m&y fee. noted from. Figure 1,4 that. the three 45. degree 

pipe headsr the 1,55 degree, fedndg. and two .of the 90 degree 
beads gave, almost identical results and produced the highest 

pressure difference for any given flow, ,This would indicate 

that for a given flow,, through a pipe ,the maximum pressure dif
ference across a head will fee produced in a feend of at least 

45 degrees* , Hbwefer even the ?i- degree feend shows a high ; 

sensitivity of pressure difference, to 'a given flow9 and the 

flow has deviated only approximately 3 3/4 degrees from its 

path through the-pipe before it comes to the pressure taps*
Three pipe "bends of each of the 46 and 90. degree bends 

were constructed and, tested to make certain that the curves 

Could fee duplicated*

The relation between -pressure difference and the square 

of velocity* In Figure 15 is shown the relation "between the 

pressure difference across the inside and outside elbow curves 

and the square of the" mean velocity .of flow in the pipe for 

the eleven long-radius pipe bends tested* The- approximate 

straight line, for each bend shown in Figure 15 may fee.repre

sented fey equation .(6) g' h s KVi"1/ derived on page 33 in chapter 

IIIe It may"fee noted from Figure 15 that there is a large 

variation in the slope of the seven different kinds of pipe, 

"bends* This ,shows the difference of pressure differential 

across pipe bends of the same sise and radius of feend* "but of
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Velocity squared, V , in ft /sec

FIG. 15 THE RELATION BETWEEN PRESSURE DIFFERENCE AND THE
SQUARE OF VELOCITY FOR THE LONG-RADIUS PIPE BENDS



different degrees of bend

effect of imperfectly built pipe bends* When the 
long-radius bends were constructed it.was noticed that the 

drilling of the pressure taps produced prominent burrs on the 

inside of the very ductile pipe bends* An effort was made to 
see what effect these burrs had on the use of a pipe bend as 

a flow meter# Before the burrs were removed tests were run 

on the elbows§ measuring pressure difference against flow* - 

The comparison of the results of tests run on the pipe bends 
before the burrs were removed to the results of tests run 

after the burrs were .removed are shown in Figures XSj 17» IS9. 

199 and SO*

It may be noted from the Figures that the burrs pro

duced a higher pressure difference across the pipe bend for 

a given flow in all cases except for the 90 degree bend* Thus 

burrs9 or imperfectly built pipe bends9 certainly changed the 

flow characteristics of the bends* But the change was not pre

dictable as to how much the pressure difference would be
’effected# or even whether the pressure difference would be 

larger or smaller for a given flow* The- amount of effect of 

.burrs in some cases was quite large* For a flow of one gallon 

per minute through the degree pipe bend the pressure dif

ference created across the inside and outside curves is over 

S"!1 times as great for the bend with burrs as the 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—  /
i * . ' + /

-without burrs

6 <u

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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with burrs

without burrs

Flow, Q , In gallons per minute

FIG. 18 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



OD
O 
O

-Iflf

without iuirrs

Flow, Q , in gallons per minute

FIG. 20 COMPARISON CF RESULTS BEFORE AND AFTER BURRS WERE
REMOVED FROM A 90 DEGREE PIPE BEND
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without burrs* Thus it is recommended that each individual 
elbow be calibrated in the laboratory before being put into 

actual use as a- flow meter6l ■

It may also be .noted from' Figures 16^ 17«, ISjl IQ9 and 
20 that although the. elbows, had- definite-, imperfections, in the 

form of burrs near the pressure tap holes the relation between ■ 
pressure difference and flow for each elbow is still definite 
and .a Straight line when plotted on. logarithmic graph paper 

So although .a pipe bend is imperfectly[built it will still 

produce satisfactory.results if calibrated before being, used 

in actual installation*
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OEAPIER T' ■■

AB ANALYSIS OF THE EMLAlIOE BETKEEE PRESSURE 
DIPPEEEBOE ASD THE SQUARE OF THE VELOCITY

'■■■.. C ■ "■ -
In chapters III mad. IV w&en the #2688%#̂  Aif̂ ereace

DeWeen the inside and outside curves of the. pipe Dend and. 
the - square, of the mean velocity of flow were plotted against 

each others ■ th©’resulting relation'was a straight lime», This 

relation was represented. Dy equation (.6)> h  s; KV  ̂ oh page 33 

in chapter IIX*,: If the constant  ̂K» could be calculated from

the physical-, dimensions of the .pipe-bend then the- pipe'.hend 
would not need to be calibrated in,the laboratory before being 

used as a flow metere
in this chapter an effort will be made to express the. 

value K in the equation h s Kir in terms of the physical di

mensions of the pipe Dend0. ' -
. . • ■ ■

Derivation of the relation. Applying Eewtone © second 

law of motion to a "weight traveling about a fixed point with' 

a radius, Rj the following expression is obtained.

F.«

where W ± weight of the 6bj ect in pounds

. v * velocity of the object in feet per second 

R  » radius of the object about a fixed point in feet '



-47-
g = gravitational constant in feet per second squared
Let this equation be applied to a s m d l  column of water moving

through a pipe bend as shown in Figure 21.

D ---

FIGUIiS 21. CROSS SECTION OF a  PIPS BSND

If 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
g R (V)

where A = the cross section area of the column in square feet
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■ D S 16Bgth of the OOlumn9 or. dimeter of the pipe hends 

in feet ; .

w  - "Spedific weight of the water column in pounds per 
' oubic foot

Writing equation (7) in terms of head of fluid flowing.results 
in ■

i .

'I •

h» Aw AwgR

s d y 
R 2g (8)

where h'% S head in feet of fluid flowing
Xt is realised that equation (8 ) is an approximatIon9 

based on the assumption that the velocity- distribution of the 

water flowing through the pipe bend is directly proportional 

to the distance from the point of rotation* HoweVer9 equation 

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

pipe bends with fair results^’ ■ .

' 3- A* M* Levin9' mA Flow Metering Apparatus 9 H Trans
actions AoSaM-oS. b 56s247 9 September 1914*

8 David L» Yafnell and Floyd A*. Eagler9 "Flow of Water 
Around Bends in Pipes9" Transactions A*S*C*Ba <, IOOsIBSO9 1935

® W* M* Lansford9"The Use of an Elbow in a Pipe Line 
For Determining the Rate of Flow in the Pipe9" University of 
Illinois Engineering Experiment Station Bulletin Ho* 2899 
December 229 19369 p» 23»
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■ Oofeparison of oaloulat.ed results with test results* 
Before a eomgarfeon. oan, "be made between equation (B) j, h ’ s

S L I  and equation (6) g h s KVr29 from page '33 chapter III9 it H Sg ?
is nedessary to express, the two equations in the same dimen- 
Sions9 The pressure difference, K 9 in equation (6} is ex

pressed in inches of water while h« in equation (8 ) is ex- 

. pressed in feet of Waterd

h ‘ = tm s i f =  o f 8

and

K  — (G)

The comparison of test values of K  taken from the curves of 

pressure difference plotted against velocity squared,;, to, th© 

computed values .of 3^^. is shown in table 111, ,The. values 

of diameter and radius of curvature were taken from, the man
ufacture5 s blueprints for the cast elbows and were measured

for the long-radius pipe bends.
It be hoted from table III that there'is consider-

able deviation of the test constant from the computed constant. 

Thus it may be assumed that the actual flow is different from 
that assumed in the derivation of equation. (8 )»

It ie recommended that a flow meter .constructed from a
small copper pipe bend be calibrated in the laboratory before
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. TAELS III

GOMPARI80S QF COMPUTED ELBOW COESpM T S  
AED TEST COESTAETS

Type of Elbow O OBiputed 
Coristant

Test
Constant

1S 1 K ,

I inoh east 0*53 / O6 42

3/4 Ineh east 0,64 0.51
1/2 Ineh east 0*61 0.62

degree .0.18 0.033 .
15 degree ■ ,O612 0.06 ,

22-§- degree ,0 + 12 0,069 ,

45 degree Bo*: I .0.18 0.105

45 degree Bo, 8 0*12 0.098 .
45 degree Bd6 3 O612 0.104 ■
90 degree Bo*, I 0.12 , 0.087
90 degree Bo6 2 0,12 0.115'

90 degree Bo6 3 0.18 Oo !LSI

135 degree 0.12 ' 0.112
ISO degree' 0,12 0.065 ■

. :
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tieing used in an actual installation* The actual flow through 

the ,pipe is .difficult to predict because of .the- large, variation 

in pressure difference due ,to imperfectly, built pipe bendSs, 

and the inability to calculate an accurate flow constant*
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CHAPTER VI

SUMMARY ABD GOEGLUSIOIIS

Smrmaryc- The purpose of this study was to investigate 

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 between the inside and 

outside curves of the pipe bend.
Advantages of a pipe bend used as a flow meter include 

no additional resistance to flow and small original dost,'

Conclusions,■ It was found that commercial SO degree 

cast bronze solder~j oint elbows may be used as flow meters- 

in small copper pipes with good results* Also pipe bends - 

between 7-§- degrees and 180. degrees, made with a standard tube

bender, will give satisfactory results when used as flow meters
'

in small copper pipes.
The pressure difference, h, in inches of water and: the

flow* in gallons per minute are related:by the equation

h = ZQ,*1, where n takes the value of approximately S 9 and Z is

a constant depending upon the elbow.
The pressure difference, h, in inches of water and the

2
square of the mean velocity of flow*- V $ in feet per second* 

squared,-may be related by the equation h & KVw9 where K Is 

a constant depending upon the pipe bend. The value of K  found
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fpdm the tests- varies considerably from a calculated value 

when using, a derived relation, E a?
Rg .

When large "burrs' were left on the Inside of the long- 

radius pipe bends,- the effect on the' pipe bend as a 'flow meter 

was to increase or decrease the pressure difference" for a ' 
given flow but the relation between pressure- difference and ■ 
flow still remained a straight line when plotted on logarith

mic' graph, paper*
It was found that a small oast elbow may be used- very 

satisfactory as a flow meter when using a metric recording 

meter to measure the pressure.differential*
When Using a pipe bend as a flow meter in small copper 

pipes, the bend should be calibrated in the laboratory before 

being put into actual use*

© J
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TEST OF A I IECH 90 DEGREE SOIDER-JOIET

OAST BROEZE ELBOW

Manometer fluid sp,, gr, 2.95___________ Water temp, 40 F
Statiq
Press,

Water
Weight

Time Flow Manometer Press*
Biff*' VS'

Reynold*s 
Humber

Psig» lb. Min, G.P.M, Inched
Fluid'

Inches
Water

ft2 -
■ sec2

I 4*6 ■200 6,0 4,0 ' 0.70 1*36 2,44 7,700
2 9*7 200 3.913 6,15 " i . i 2,14 5.76 11,850 '
5 14*9 200 3.14 7.33 1,83' 3*57 ' . 8.12 14j000

4 19*6 200 2,735 8.4 2,5 4.88 ' 10.7 16*100
S 5*0 200 1 3*35 ■ 6.87 1,5 ' 1 2*92 7*19: 13,200
6 4*9 200 2,0 12,0 4,8 9.36 21.8 ', 23,000
7 4,9 200 1,493 16.7 8.2 16.0 42.3 32,000
8 4,4 200 , 1.166 .20,6 14,4 '' 28.1 64*11 „ ; 39,600
9 4*45 200 1.067 22.5 16.2 '. 31,6 ( 76.6 44,000

10 7,15 200 0.85 28*3 26.& 51*1.. 121.0 ' ' i
. 54,500

11 10.65 200 0̂ 983.24,4 20.5
A

40.0 . 47,000
12 9.75 200 1,33 18.05 10.55 20.6 .49,5 34,700
13 10 * 35. 200 2,30 10,42 3*2 ' 6.25 16,5 D̂,000
14 15.0 2.00 2.92 7,89 2,4. &,7 .9*43 16,150
15 15.1 200 1.87 12,87 .5*4 ■ 10.5 25,0 24,700
16 15*25 200 _ 1,27 18,85. , 11*2 21.8 . .54,0

4 > * , V
. 36,800

17 16.0 200 1,12 21,6 . 14,8 26.̂ 70*0 : 41,500 '
18 15.2 200 0.93 25,7 21,0 41.0 100.0 49,500

19 14*65 200 0,83 , 88*8 27,1 53,0 125.0 55,300
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TEST OF A I IEOH 90 DEGREE SOIDER-JOIET 
OAST mOHZE. ELBOW

Manometer fluid sp» gr0 S0 95______________  Water temp* 40 F
StaticPreBB. Waterweight Time. Flow Manometer Press*Diff. Vs .Reynold * s 

Eumher

Psigo IiD0 Min. G.P.M. Inches 
Fluid..

Inches
Water - 4sec ■ -

I 12.0 200 5.79 4.15 0.65 1*27 2.6 7,960
' 2 12.4 200 5.02 4.69 0.80 1.56 3.3 9,000
, 3 12.4 200 3.13 7*68 1.95 . ' 5.8 6̂ 75 12,800
4 12.4 200 2. 69 8,93 2.60 -'. 6,25; 12.08 17,100
5 12.4 200 Z0 42 9.94 . 3.20 • 6*25 14*9 19,000
6 12*1 200 2.25 10 * 68 3*60 •7*03 17.2 20,500

7 12.0 200 2*04 11.81 4*45 8.68 28.2 22*700
8 12.0 200 1.71 15,05 6.40 12.5 30*0. 27,000
9 12.2 200 1,62 14*8 7.0 13*65 33.2 28,500

10 12.1 200 1*41 17.2 9.1 17.7 45*0 33,000
11 12.1 200 1.30 18,48 . 11*0 21*4 51.6 35,500
12 12.2 200 1.21 19.85 12*8 25.0 59.6 38,200
13 12,6 , 200 . 1.05 22.85 1764 33.9 79.3 ' 44*000
14 12.6 200 0.97 24*70 20.4 39.8 92.4 47,600
15 12.0 200 1*13 21.20 14*6 28,4 68.0 40,700

J *•

--------- —
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TEST- OF A I  IltfCH-90 BEGKEiE SOBDER-JOIET

OAST EROBZB ELBOW

Maaoiaeter fluid .Sm6 gr- 16» 6________________ Water temp 40 F
Static
Press,,

Water
weight

Time Flow Mahometer Press*
Diffi U2

Reynold1s 
Humber

Psig lb. - Mia. G;P,M. Inches
Fluid

Inches
Water

.ft2
sec3

*

I So 5 200 1.65 14,75 1+10 13,9 33;1 28,400
2 6*5 200 2*36 10+2 0,5 6.3 15*75 19,600
3 6*8 200 3*92 6+3 0,20 2,52 6+0 12,000
4 6,5 200 I,. 44 16,7 . 1,3 16.4 42,3 32,000

5 G»3 200 1*21 19.85 2+0 25,2 59*6 38,200
6 6,5 200 0,913 26,3 3,4 48+8 104,0 50*500
7 6,3 200 1.34 17,9 1.6 20,2 48+6 35,500
8 6*8 200 1*?4 13,65 0,9 11.3 28,2 26,300
9 10.0 200 1.46 16,4 1.3 16.4 40*8 : 31,500

10 10.0 200 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
12 10.0 200:0*p4 25*4 ' '3.25 41,0 97.5 ' 49,000
15 4.2 200 2,91 8,25 ■ 0*35 4* 4 10,24 16,800
14 4: ̂ X 200 1*83 13,1 0,86 IOo 7 26.0 25,200
15 4,0 200 1.27 18,85 1,6 21.4: 54.0 36,200
16 4,0 200 0,92 26.0 3,2 40.3 102*0 50,000

4
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' TEST OF A 3/4 IHCH 90 DEGREE SOIDm-JOIHT OAST EROHEE SDBOW

Manometer fluid Sg* gr* 2»96___________ Water temp. 4,0 F
Static
Frees,

Water
Weight

Time ■Flow ,;Manometer Press,.Biff* V8 Reynold1s 
Humber .

.Peig* it. Min0 G.P*M, Inches
Fluid

Inches' 
. Water

f#
sec^ -

I ' 7.0 800 1*87 12*9 18 »5 36.1 78*6 / 32,300
3 5.5 800 8*46 9*81 10*9 21*2 42*0 24̂ 500
3 4.0 100 1*65 7.29 6»i 11*9 83*2 18,300
4 5*0 '385 4.40 8*86 9*0 17,55 34,2 22,800
5 6,85 800 8*43 9+90 11*0' 81.4 42*7 24,800
6 5.5 200 2*02 11.9 ' 16*0 31.2 61.6 29,900
7 6*0 200 2*10 11*5 14*9 29.06 57.9 28»900
8 ' 5*5 200 2.38 10*05 11*4 88,2 44*1 25,200
9 5*- . ' 100 I* 42 . 8.45 8.3 16,2 31*2 21*200
LO S0O " 100 1.57 7.67 6*85 13*35 25*6 19,200
LI 7*85 100 I0 77 6*80 0*4 10*5 80,2 17,100
L3 6,0 ' 100 2*02 5*96 4* 2 8*2 18V5 15,000 .

13 6.5 75 I0 74 5.16 3*2 6.25 11*6 i3*ooo :
L4 5*0 75 1,95 4.62 2*8 5*46 ,9.3 11,600
15 4.75 75 2,07 4.36 2.25 4.4 ■ ' 8 * .8 4 1; 10,900
L6 4*0 .50 1.7 3.52 ; 1*50 ' 2*98 5*43 " 8,850 :!
L7 3*75 60 2.01 2.98 1*0 1,96 3*88 7,500
L8 3*5 30 1.7 2.12 0.60 1.17 1+96 5,330
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TEST OF A 1/8 IKOH 90 HEGiiEE SOLDER-JOIHl

OASl HROKSE ELBOW

manometer fluid Spi,, gr6, 2ej95_____________ Water temp. 40 F
Static
Press,

Water
"Weight

lime Flow Manometer Press,,,
Dim. ■ V

Reynoldf s 
Kumber

Bsig6 16» Min, G 6PftM6 Inches 
• Fluid

Inches 
Water ,

£ta

sec2
■ -

I 9,8 100 2.03 5+91 20*8 40,6 66.1 21,400
2 10.1 100 2,43 4.94 14.2 29*7 46.3 17,900
3 7*4 100 3*00 4.0 9,5 18*5 30.3 14*500
4 6*2 100 2.58 5*05 15.0 29*8 48*8 18*250
§: IOftS 160 3 „30 3.64 7*8 15.2 26*0 13*150
6 7,5 75 3.09 2.91 5.1 9.95 16.0 10,500
7 9*7 50 2,29 2.62 4.1 8*0 12*96 .9 9 500
8 8+5 ■ 60 2*8 2.14 2*76 6*36 .8*66 7*730
S 6.0 80 3*51 1*71 1,80 3,51 ■ .6*0 6,450
10 6.0 50 5*85 1.56 1*50 2,92 4,62 5*650
1:1



61-'
TEST GE A I IHGH 90 DEGREE SOLDER-JO1ST CAST■BROHZE ELBOWUSIBG A METRIC RECORDIBG METER

>■ ' ■

Water tempt. 58 Fo
Hfater ■ SrSigLt Time ■ Elow MeterReading Press*Dif f* V Reynold̂Bumher
It* Min* G.P.M* -Inches Water ■ ft2 'see ̂

I 200 9,87 ‘2,43 ' 4*1 0*42 0,895 6,250
2 200 7*86 .3*06 5.15 0.664 1,42 9*860
.3 200 6.21 '3.86 6*3 . 0*993 2.8b 9,900
4 200 5.63 '4,27 7,1 1*26 2,7& Ii9OOO
5 200 4.92 '4*88 8,1 1,64 ‘ 3,61 12,500
6 300 4* 16 ‘ 5.77 9.5 2.26 s.ob 14,800

7 200 4.56 5.26 8,9 1,98 4*1' 13,500
8 200 4.0 '6.0 9,85 2.42 5.47 15,500

9 200 ,12.19 1,97 3,65 0*335 0,589 5,050

LO 200 .16*42 '1.46 ' 2*8 0,196 0*383 3,750

LI 500 14, 09 4.26 7.1 1.26 2,76 11,000

12 500 10*56 6*68 9.33 2,17.5 4.89 . 14,600

13 300 16*98 2*12 3,76 0.362 0,68' 6,450
14 275 20.8 1.68 2.75 0.189 0*381 4,100

LE 800 11.36 2.11 3*6 0.324
1 ■.

0*675 6,400

16 500 14*58 4*12 6.76 " 1*14 2*56 . 10,800
17 500 10.39 5.78 9,55 2.28 5.07 15,000



TEST OF A 3/4 IHCH 90 DEGREE SOEDER-JOIHT OAST EROHZE ELBOW
DSIHG A METRIC RECORDIHG METER

Water tern#* 58 F ■
Water
Weight

Time ■ ' Flow Meter 
Reading ,

Press,
Diff,

VV C &  V C J .  W X S i J

Vs
v v  M '

Reynold’s, 
' Humher .1

Ih9 Min0 G,F,M* Inches
Water

ft2
sec®

I 275 18,53 I4 78 S.7 0,813 1.39 5*940
2 105 15» SB 1 0,81 2»5 0,156 . 0,286 2*700
3 500 19 o 58 3,06 ■ 9»6 2*3 .4,04 10*200

4' 300 14.35 ; 2* 51 8»0 1,6 2.76 8*400

5 320 17 »18 2. 24 7.126 1,28 2,19 7*500

\

- -
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TEST OE A 1/2 IHOH 90 DEGBEE SOLDER-JOIHT Ca ST HROHZE ELBOW

XJSZHG- A METRIC RECORDIHG METER

Water temp̂ SS E
WaterWeight Time Elow Meter ReadrIBg'' Press*■ Diff. Y

ReynoldtSHumber
. . IK Min6 GVP+M* - ■ Inches' Water , f

sed2
, X 105 9*63 1.31 9+15 8*08 3.24 6*310 '
2 92 10+04 1*10 7,7 I* 48 8*28 /.5*300
3 74 12*87 0.69 4*9 Oo 6 Co 903 3,330
4 57 14*03 0*49 3*5 0*31 Oo 45 2*350
5 30 9*15 0*59 2+85 0*203 0*293 1*900
6 SI 10 + 08 0,25 1*8 0*061 0,118 1,200
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TEST OF SIX 3/8 ISfCH 90 DEGREE SOLDER-JOM T  CAST BRONZE

ELBOWS USING A METRIC RECORDING METER

Water temp, 58 F
Water
Weight

Time Flow Meter
Reading

Press* 
Biff* •

Reynold1s 
Sfmnher

ib* Min* G,P.M, o* -Inches
Water 'see ■ •

74 11*81 0*751 7.73 1,49 2*76 4,9 600
I 54 11*83 0,548 5,71 0.815 1*46 3*360

100 12*44 0*963 9*81 2*4 4*5 5*860.

66 9*77 0 = 81 8*15 1*66 3*17 4,920
2 56 14*42 0.465 5*0 0*625 1.04 2,820

85 10,78 0*947 ■ 9 * 4 2,21 ■ 4*37 5,780

75 10*18 0,885 9*08 8*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 9,99 1,033 9.9 2*.45 6.2 6*300
4 59 9*57 0*74 6.85 1,17 2.66 4*500

28 9,57 0*351 3, 4 0*289 0,59 2,120

102 18*62 0.98 9,7 2.35 4,66 6,000
5 55 9*72 0»68 6*97 1,215 2*25 .■ 4,150

55 14*52 0,455 4,95 0,613 1*0 2,670

85 10.98 0,93 9*05 2,04 ■ . 4*1 ' 5,670 '
6 64 11*36 0,676 6,72 1*13 2*22 4,120

33 11*29 0,35 3.8 0,36 0,594 2*120
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TEST OF A  7 l/S DEGREE 3/8 IEOH O0D c

COPPER PIPE EQEHD

Water filled manometer___________________ Water tempo - 40 F 0

Freea» 
Diffe

Water
Weight

Time FlOW r
Y2

1 Reynold4 s 
Dumber

Inches 
Water ..

lb* Min* G.P.M. ft3 ■ 
sec3

I 0,315. 'i • t ■I,Q 1.712 0.701 9.85]. 5,760
2 0.67 10 1*2 1*0 : 20 o 2 , 8*200
3 1.26 i ip 0,868 1.3& 39.0 ! 11,400
4 8.16 20 I*,34 1.79 64.6 , 14,?00
5 8.56 ! 2p . 1*232 1*0,46 76.4 ] 16*000

6 3,11 , 2p 1 I*.117 : 3*16 - 93,1 . 17,650
7 3*78 ! 20 1*005 3.39 114*7! . 19*600
8 5.0 80 0.833 - 2*88 166,5 .

Li

23,000
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TEST OF. A JL5 DEGREE 3/8 IRGK O.D.

GOFFER PIPE EEED -

Water filled manometer_________________ Water temp* "4Q F*

Press,
Diff4

. Water 
Weight

Time Flow
' Y2

Reynold1 s 
Eumher

■ Inoh.es ;
■ Water :

lh. Min, 0*P,M, —Seotil .
I O4 434 10 . 2,007 ,0.598 7.18 4,900

. 2 O»749 ’ . 10 1,475 0,814 13,3 6,700
3 1*18 ; 10 1,216 , 0.988 19*6 .8*106
4 1,73 10 ; 1,008 . 1.19 28*5 ,9*800

5«, ? 2.32 20 1,726 ,1.39 39,0 10,400
6 2,80 SO 1.577 1.52 46,5, 12,500 .
7 3,70 SG , 1,374 ,1.75 61*9 14*400

' 8 4.69 20 1*21 1.98 79.0 16,300
9 5.48 20 1,133 2*12 90.6 ' 19»400

10 6*54 20 1,035 8,32 108,0 19 $,000

11 6,54 20 • - 1,027 2.34 110,0 19*200
12 9.45 20 0,867 2.75 151,0 22,500



67-
TBST OB A 22% DEGREE. 3/8 IIOH -O9D c

OOPPBR PIPE BSJZD

Water filled manometer ' Water 'temp* 40 E 9
Press,. 
Diff o,

Water
Weight

Time. Blow V8 Reynold*s 
Iumher

Inches
Water

' Ih9 . Min9 G.P.K' ft2
Beô -

I 0,434 10 3*133 0*563 6.35 4 p 610
2 0.67 10 1.66 0.722 ! 10,5 5,940

5 I9IS 10 1*278 0.94 : 17*7 7,700
4 I., 66 ' 10 1*087 1.103 24*5 9,060

5 2*16 10 0.95 1,26 32*0 10,300

6- 8*80 30 1.695 1,417 40.4 , 11,600

7 3.74 20 1.46 1.64 54,0 13*450
3 4.49 20 1.352 1,80 65* 4 . 14,800

9 5*4 80 1,217 lv975 78̂ 6 . 15*800
10 6,19 20 1*135 2.12 90*5 17,400

11 7.65 20 1.027 2« 34 110,0 19,200

13 10.3 20 0,892 2*89 146.4 22,200



«• SSw

ELBOW

TEST OF A 45 DEGREE 3/8 IHGH 0,D.
GOFFER PIPE BEHD ■

Water filled manometer_______ •__________ ■ Water temp', 40 F

Fress0
Diff0

Water
Weight

Time Flow
V a

. Reynold1 s 
Hutiber

Inches
Water

lb. Min, G oF oM 0 ft2
“2sec

. -

X O6 394 10 - 2.704 0.444 3.92 3*630
2 0,67 10 2,125 Oj 565 6.2. 4,560
3 1.14 10 1,647 0,73 ■ 10,7 6,000

4 1.535 10 1.417 0.848 14,4 6*970 .
5 2.24 10 1.19 , 1.01 20.5 8,300
6: 2,98 10 1.037 1,16 27,0 . 9*520
7 3,62 20 1.87 1.28 35.1 10*500
8 4*45 20 1.68 1.43 ] 41.1 11,750

9 5.28 20 1.527 1,57 49,8 12*900
LO 4,96 20 1.58 1.52 46.5 12,500
11 4.53 20 ■ 1,65 1,45 42.3 ' 11,900
12 7,36 20 1.284 1,87 70.-5 15,400
13 9,38 20 1.138 8*11 89,5 17,300



. . ELBOW &

*̂ 69*»"
TEST OF A 45 DEGREE, 3/8 IHGH 0*B.'

COPPER PIPE BEHD

Water filled manometer_______________________ water, te&jp. 40 P

Press,, Water , • Time Flow
V2

Reynold*s
Diffa Weight .BumBer-

Inches 1T)» Min, G0lP 6M 0 ' ft2
Wats# sec2

I 0,512 . 10 2.481 • 0,484 4.7l 3,980
2 0,828 10 1,912 0*627 7*90 6,160
S 1.22 10 ;1,565  ̂0*767 11,8 6,300
4 1,575. 10 1,362 0*88 16.0 7,350

5 2.32 10 1,115 1,075 23,2 8,830
6 2,96 10 0,977 1,23 30*5 10,106

7 3,60 10 0.904 1,93 35*6 10,900
8 4,37 10 0,304 1,49 44,8 12,250

9 5.35 20 1,466 . 1*65 55,0 13,600

10 7,33 20 1,25 1*92 74,1 15,800

11 8,98 20 1*127
: ’

2.13 91,4 17,600



•^?0~

EDBOW 3̂.

TEST OF A  45 DEGREE 3/8 IlCH OfllD 0.'
■ COPPER PIPE HSiD

Water filled manometer_________  . Water temps 40,?..
■ Pre ass* D i f t s

Wafer
Weight

Time Flow
V 8

Reynold/ s 
Humber

Inches
Water

lb* . Hin0-. G 0P d H o ft®
see*

I 0* 394 10 2*945 0*408 &*56 3*350
8 Os 827 10 1*954 0*615 7*61 5̂ 060
3 .1.0 22 10. 1*575 0,762 J.1,70 6*860
4 ld.57 10 1,387 0,866 15*10 .7*120
5 1*97 10 1*247 0*965 18*75 7*930
6 2.56 10 1*082 1,11 24̂ 8 . 9*̂ 10.
7 3*35 80 1*913 1*25 31*5 10*300
8 4*14 20 1*70 I * 41 4Q, I 11*600
9 5*09 20 1,545 1.55 4Q.5 12|*750

3.0 6.15 20 1*404 1*71 59*0 IS6OOO

11 7.56 20 1*264 1*90 72,8 15*600
12 9.02 20 1*155 2.08 87*3 17*100



TSiST OS’ A. 90 DEGREE 3/8 IIGH O0D, 
COPPER PIPE EffiSD'
ELBOW #1

Water filled manometer___________________ Water .,temp*. -40 P
presie&d
Diffv

Water
Weight

Time Plow Reynold’s
Eiutther

Inohee
Water

I W Min* ft8
2 ' see •

I 0*78& 10. 1,85 0*65 - 8,^3. .5,350

3 1,45 20 2*68 0,895 16,1 ?*350

3 IiOB 10. 1*60 0*,75 11+3 6,150

4 1.89 10 1.163 1*03 21*4 8f460

5 3*95 10 0*925: 34+16 10,700

6 3.82 . • 30 2A43 1*48 .44 +•,I , 12*150

7 4.95 20 1+43 1*68 6 6 .9  . 13,800

a 6*92 10 0*607 1*98 79.0 ■16,250 ■ 
•;y  '

9 .7*98 20; 1.13 2,15 93*1 17,650

10 7*98 20. 1*028 2+33 109.5' 19*160

11 9*63 10. 1+037 1*16 27,2. . ,. 9,550

13 2&36 10 1*84 0+65 8*53 5,350 .

13 0*788 10 1.61 0+745 11*16 6,120

14" . 1.03 10 1*304 0*92 17*06 . 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 I* 21 29*6 . 9*950 •



TEST OF A- 9,0 DEGBEE 3/8 IEGH QiDv 

COPPER PIPE BgHD

ELBOW #2

Water filled, manometer____________ ________ ■■ water temp» 40 F

Press.*Biff,, WaterWeight Time Flow Reynoldf ©■ Humheri
InoHes'Water ■ I ib 6 Min*. G*P*M, ' ft8

see8
I ■ 0,612 10 8,78 0*432 3,77 3*560
2 0*906 10 . 2*003 0*899 7*18 4*,900
3 1,3& 10 1*587 0*757 11*6 6,830
4 B8Ol 10 1*514 0,913 •16* 8 7,500
5 2*64 10 1*13 1,06 22*8 8,710
6 3.19 10 1,032 ■lb 16 27* O 9*680
7 4,01 10 0*917 1,31 34*6 - 10,800
8 4,92 10 0*884 1.46 43.0 12*000
9 5,83 10 0,754 1*59 51.0 13,100
10 7*8 . 20 1*304 1,84 68*8 . 15,100
11 8*67 20 I0 24, ■ 1*94 76+0 16,000



*73^
EBST OF A 90 HEORlE 3/8 IHGH O&D,: 

. GOFFER PIPE EEHD
ELBOW :H

Water filled manometer_________•__________  . Water ■ temp.., 40 F

PreBS16 . 
DifPa

Water
Weight

Time . ; . Flow' y2 Reynold’., s • Hmiber
Laches
Water

lh* Mini,' G.e Pe'ffiii, " . ftf2sec

I 0.47& 10 2.937 0.41 . 3̂ 38 3,370
S 0+827 10 2*152 O 6-5 59 6..S5 4,580
3 1.2S 10 1*738 0*691 9,60 6p690
4 1*69 10 1,427 0*842 14*3 6 »920
6. 2.12 20 2*602 . 0*922 17*1».. ' 7*560
6 ' 2*52 10 1*185 IfOl 20*5 8*300
7 3*11 10 1*068 1,125' 25̂ 5 9,250
8 5*60 20 2*012 :' 1*19 28..6 9*770
9 '4*53 20 1.77 ; 1*36 37*2 11*;,200 .

10 6*03 . 20 1,525 1.575 .49.9 . 18*900
11 7*64 20 1*854 1*77 63*2 . 14*500



TEST OF A 135 BEGEEE 3/8 IECE O6B 0 
COPPER PIPE HiEB

-74-

Water filled manometer________________  Water, temp. 40 F
’ Press*
Biff*

Water
Weight

• Time Plow Reynold1s 
Humher

Inches
Water

lh„ ■ Hin0 G.P.M., . ft2
P■

I 0.612 10 2*76 0.435 3,80 . 3,570
2 0.865 10 2*013 0.597 7.18 4*910 ■
3 1.38 10 ■ 1.59 . 0.755 ; 11.5 6*210
4 1.97 10 1.327 0.905 16*6 7,450
5 2.76 10 1.102 1.09 24.0 8,970
6 3.46 10 0.98 1*22 30.0 '10,000

7 4.4 10 0.87 1.38 38*6 11,360

8 5.24 10 0.798 1.50 45.4 ■ 12,300
9' 6.00 10 0.749 1.60 51.6 13,100

' v:-
10 7.o 40 20 1.338 1.80 65.4 14,700

11 8*85 20 1.22 1.97 78.1 ■ 16,200



78
TEST OF A 180 DEGREE 5/8 IEGH. O6D 6 

GOFFER FIFE BEHD'

Water filled manometer___________ .______  Water temp* 40' F

Press,
Diff,

Water
Weight

Time. ' Flow Reynold’s 
. Humher

Inches 
. Water

Iho Min* G*F*M*.
sec

' I 0,315 10 Se. 26 2 0.53 5*66 4*360
2 Co 59 10 ' 1,71 0.702 9,92 , 5,770

■ 3 O * 906 10 1.392 0*̂ 62 16,0 7*100
4 1,3 10 1.214 0.989 19*7 8,130
5 I0 61 10 1.07 1.12 25,3 9,200
6 S0 20 10 01,914. /1,315 . 34*8 10*800
7 ; Se 84 20 1.625 1*48 44*1 12,150

8 5»46 20 1,47 1*63 ; 53.5 13*400 .
9 4.18 . 20 - 1.337 1.80 65*4 14*800

10 5 $ 04 20 1*222 ' 1,96 77.5 16,100
' 11 8.91 20 1,132 2.12 90.5 19,400
12 7,8 SO 0,983 2.40 ■ 116,8 19,800

IS 9*41 20 0.895 2*68 , 14410 22*000



-76-
TEST OF A 7 1 /S  DEGREE 5 /8  IHGH O6Dd COPPER PIPE

BEHD BEFORE BHRRS WERE 'REMOVED .

Water filled manometer________;______________ Water temp  ̂ , 40 F

Press', ■ 
Diffd

Water
Weight

. Time Flow Reynold’s
Humher

Inches
Water

lh,, Min,.4 G,oP*M. ft?
, sec • ■

I 0*316 Io 3*9,07 0,308 I'o .91 8,530
S : 0,571 * 10 2.754 0*437 3,84 3,590'
3 1,06 10 2*025 0,593 7,07 4,870..

4 1,68 ' 10 1*664 0*728 10*6 5,940 • '

5': 2.01 ' 10'. 1.50 0,80 12,9 V 6,580
6 ,‘ 2,20 10 Id 407 6*855 14*76 , 7 9 040

7 2,64 ' 10 1*894 0,928 19*3 7,620

8 3,07 10 1.188 1.01 20,6 8,300

9 3.88 20 2*14 1.12 26.3 9,200

10 4,89 ' 20 1,904 I* 26 32*1 10*400

11 ' 5,91 20 1*72 I,395 i 39*2 11,500 .

12 7,21 20 1*578 1.536 - 47,6 12*600

13 9.46 .20 1,377 1,745 61*5 14*350

14 IloO - 30 1,270 1,89 78,0 15,600



»77

TEST OF A 15. DEGREE 3 /8  IHGH O .D j COFFER FIFE
HElZD BEFORE BURRS WERE REMOVED

Water filled manometer_____  Water temp* 40 F

■ Press*
Diff0

Water • 
Weight

Time Flow V Reynold8s 
Humher

ltitihes
Water

lh* ■ Min*. O.P.M.' ft®

I 0.394 10 3.052 0.-394 :. 3.14 3,240
■ 2 0.591 id 2.432 0.494 4̂ 89 4̂ 070
3 0.985 10 1*854 0*648 . 8 .’40 : 5,310
4 . 1.-34' 10 1*614 0*745 11*15,, . 6,120
5 2.01 10 1*31 0*917 16,9 7,540
6 2.48 10 1.163 1*03 21*4 8,460

7 3*11 10 1.04 1.16 27,0 • 9*520
8 3*90 20 1.852 1̂ 295 !33.8 10,650
9 4.89 20 1.65 1*486 42.6 11,950

10 5.95 20 I* 492 I «’61 52*1 13,200

11 7.80 20 1.288 1*865 70*0 15,300

12. 9* 90 20 1*137 2*11 89/6 17,300



' ' -

TBST OF A 22 1 /2  DBGESB 3 /8  OTCH 0»D» COPPER PIPE
■ EEHD Esfore burrs m m  h w o v e d

Water filled manometer- Water temp, 40 F

Press, . 

■ Diffi,-
Water
Weight

Time Flow ReyacM 4B 
Humher

Inches Ihi Mlha G,P6'.E, f#
Water' Sde^

- I  ' 0,516 10 2,84 0,423 3*62 9j480 .

2 G0 59 10 2,095 0,573 4; 710
3 0.945 10 1,607 0,749 ■ 11.3 6*150

.4 1« 46 10 1,302 • 0,921 17&1 ■7*580

5 1,93 10 I,,13 6 1,06 82*7 8$'720

6 . . ' 2*24 10 1?068 1,125 '3^5' 9*250

7 .2,95 20 If. 870 1,28 33,1 10,500

8 3.74 20 1,65 1*45 42*5 11,900

9 4,4? 20 1,566 1,54 47,8' 12*650

10 5,48 20 1*358 1,77 63V2 14*550

11 7,17 20 1,219 1,97 78*4 . 18,200

12

i

8,75 2Q 1*09 2,18 96.0 , 17*950



' #

TEST OF' A 45 DEGBEE 3 /8  IEOH OoD= COPPER PIPE
BlHD BEFORE BURRS WERE REMOVED ■

ELBOW .#1

Water filled manometer_________________  Water temp, 40 F

Press, 
.Diff= ■

Water
Weight

Time Flow . V Reynold's 
Humber

Inches
Water

lb. Mih, , GePoM0 ft2
SeOy

I ■ 0,71 10 2*57 0,47 . 4*45 3,860
2 1,06 10 .2,157 0,5.6 6,30 4,600
3 1*61 10 1,748 0*69 9,60 5*680
4 2,16 io : .1,505 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 8*060
7 4,05 20 2,189 1,10 24*3 9 *010
8 5,0 20 1,97 I, 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 12*300
11 ' 8 <,38 20 1,527 .1,57 49*7 12,900 '

12 10,10 20 1*387 1,73 1 60*3 14,200



ELBOW fl

”80“
TEST OE A 90 DEGBEE 3/8 IHCH O6Di COPBER PIPE

BEHD BEFORE BORRS WERE REMOVED

Water fPlied, manometer______ Water temp, 40 F

Pres.siS.-Diffo- Water
Weight

Time .Flpw :' ' Reynpld5 s 
Humher

Inches ' 
' Water

■ Ih,.o Min* G,oB..M. ' 2 •-SL.
Secld ■■

I 0,354 10 1*762 ' 0*681 9,36 6*600
2 0.71 . 10 1*247 0*964 18,75 7,930
3 1.14 10 0*996 1.195 28*8 9*840
4 1*65 20 1*65 1*456 42,9 12.s 000

5 8*32 20 : i*46 I.- 644 64.8 13f650
6 2 o 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 11010 19*200
10 6*19 20 O'. 912 2* 64 140 «,0 21,700

11 . 7*25 20 0.85 2.82 160.0 23*200

-

yzV-Z/ ' ' 1 •

102334



*

MONTANA STATE UNIVERSITY LIBRARIES

762 1001 2828 7

_ _102994__

- - ... ___ ISSUED TO

—  8 '61L. raTKMJBRARYLOAN


