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THESIS



Intreduotion,

This thesis eonsists of the study and calidration of three
Venturi water meters, to determine their coefficients. These
meters were designed by J. A. Polson, Ass't Prof. Meoh, Eng,
and made to determine the boiler feed water at M. A. §. The
general plan followed and the apparatus used will be doserived
under separate heads. o

Tests were made with a steady pressure ndurling a very
constant flow. Readings ware taken under ditforca& pressures,
beginning with 10 1lbs, pressure per square iuoh and running up
to 80 by intervals of § and then by intervals ot 85 up to 100
1bs. per square inch. Several rates of tlov‘nndqr each pres-
sure head were taken.

Much information eoneerning the above oxborin.nt was Ob-
tained from the different enginearing magasines and also from
the "ITransactions of the Amerisan Society of ctlﬂl and Mechani-
oal Engineers® e. g.

Trans. A. 8, C. B, June 1891, "Diseussion on Water
Meters® by J. Thompson.

Trans. A. 8. C. B. Deo. 21, 1887, "Papers Pertaining
to Tests on Venturi Meters® dy Clemens Hersehel.

Trans. A. 8. C. B, Vol, 31, 1909, ®Tests on Venturi
Meter® by Pref., C. M. Allen,

Engineering News, Feb. 28, 1901, "Gauges to be Used with
Venturi Meter® by C. P. Spalding.

Ve are also indedbted to Prof., Polson of the Engineering
Laboratory for information and help in performing the tests, al-
so te My, Crairord for the setting up of the apparatus.
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Description ef Apparatus.

The apparatus used in performing the tests is shown in
the picture attached horotai The meters were connested up in
series to the pressure tank. The first of the testa . §.

10 & 20 1bs. were run by means of this tank enly, this giving
a steady head. This consists of a large tank on the fourth
noor’or Engineering Hall, water being forced up by means of
the pump. Bya series of valves on the oyundfioa tank in
Hydraulic Laberatory shown in the pieture siad the water is
allowed to flew down thru this tank by gravity and thru the
meters. The water is allowed to flow ia the h.nkv en fourth
floor during the entire tests, thus keeping the desired head.

- Msnometer tubes were made and placed as indieated by the
pieture. = By means of these the Venturi head and frietion
losses were determined, the first manometer denoting the Ven-
turi head, the secondthe loss in frietion inm the partioular
tube to which it is attached.

At the end of the series of meters was connected a stand-
ard meter iuung the discharge direct. At the intrmo of
- the first moter was placed a fressure gauge, to determins ihe
presswre at entrance, 2lso one was placed at the snd to de-
'gu'xf-h. the pressure at the discharge end. These gauges are
indicated as No, 1 and No, 8 on the picture.

A valve was inserted in the pipe which connscts the meter
with the pressure tank, which by means of throttling the desired
ircuurp head was obtainable. A sseond valve (valve No. 2)
wvas inserted at the pipe leading to the weighing tank.

To sach pipe ileading to the manometer tubes was placed a






valve. In each of these manometer tubes was plased from
eightesn to twenty inches of meroury.

The weighing tank shown in the picture was placed upon
the scales and had a eapacity of some fifty ocubie feet.
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Method of Operation
The first twe pressures were edtained by means of pumping
water to the tank on the fourth floor of Bngineering Hall,
then throttling the valve to obtain the desired head. The
remainder of the tests were run by using the Duples pump ia

the Steam Laderatory, pumping the water from the Ceddr river
direct to the meters, regulating the pressure by means of valve

Xo. 1.
The maxizum flow was first obtained by checking the water

flowing thru the meter by means of valve No. 2. This valve
being placed here in oarder to regulate the flow, thus keeping
the mercury eolumn on the scale, making them readable and also
kesping the meters under the desired pressure.

Afder the maximum flow was obtained the valves leading
%o manometer tubes were opened, water bdeing allowed to run

thru the meters uantil the merouwry eolumns beeams steady. The w
water was now directed to the weighing tank. BSeveral rates
of flow were made upon each head by checking valve Ko, R.

While the water was being discharged into the tank five

readings were taken on each of the different flows, thus obtain-
ing & fair average of the readings of the mereury solumns.
The time in esach case varied with the gquantity of discharge
which depended upon the rate of flow,
- The fluetuations eof the meroury in the manometer tubes
due te unsteadiness of the Duplex pump wers overgozs by partly
£illing the pressure qhgmber in the laboratory with air, the
air acting ws a cushion, alse by means of throttiins nivu
- leming to the pressure ehanber . .
All thermemeters, acales and pressure gauges wers cali-:
brated. '
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The scales were found to be eorrect within a very large
range, The thermomster was ealibrated by eomparing with
the standard thermometer No. 28 which itself was correot wp

to 77° veing within limits of temperatures thqinod in the testy
Pressure gauges were calibrated dy means of the “Crosdy

Gauge Testor®,

Gauge N¥o. 1 indicating the gauge at entrance and No. 2
the one at the discharge end.

Curves pertaining to calibrations are shown ia the
append ix.
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Yormulae and Calculations

To reduce inches of merocury to feet of water taking
the unbalanced column of water inte aceount !

h.nmm_n%zm&.t_s.

- H(13,58 =1)
h= 13 - 1,05 B
he 14.56 X 1.05 = 15,28 £t. of water

where H= inches of meroury as read,

h= feet of water

./
wX4%
908
T 3X 60X 63.4
where ¢= actual quantity delivered(ou. ft. seoc.)

W= actual weight of 'lt0r|
we unit weight at temperature of water
t= time in secends

Q-#-a .08 n

00843 02
, - {.0084352)

- '.1698 su, £t. ses.

X 8,08 X 18,28« ,1758 ou., ft.

Suo.

where Q= theoretical quantity (ou. ft. see.
&= area of throat in square feet
a» area of inlet in lqﬁaro feot
h= vonturi head in feet of water
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where o= goefficient.






APPENDIX,



-8-

Outline of Thesis

Title: 8tudy and Calibration of Three Benturi Tubes

The object is to calidrate and study the three tubes, to Dde
used in measuring Bailer feed water, The tests to be made in

order to determinde the coofficient. Tests to bs made with
steady pressure, seouring a very oonstant flow,

Owing to the fact that heads greater than 50 1bs cannot
be obtained by means of the facilities offered in the Hydraulie
Laboratory, thnroforo the number of readings will be limited
to four e. g. 20, 30, 40, and 60 1lbs. heads. 7The rest of
the test to de run in the engine room or laberatory , obtaining
the desired heads by means of the pump, The heads here are
to be 120 1lbs, per sq. in. as the highest and then bask by
intervals of 25 . g. 125, 100, 75, 50, 35. The meters to be
teated weores made in the shops. They are te be comnected up
in series. A pipe is to be connected up with the meters and
the tank. In conneotion with this a standard tube, with man-
omster attached is to be plased so that a eomparison can be
made. This standard is to be shifted e. g. inserting it at
the ends and then to see the affect 1&jauy by changing to another
position. ' |

PieZometer tubes or meroury selumns whexX’rnecessary to be
inserted into the tubes to cbtain the Venturi head and the
head due to friction. A valve is to be inserted at the end.

Rates of tloi will be run under sach head by throttling he
valve. The teats are to be made by diverting the discharge
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into the weighing tank, ens tcnk being weighed while the other
is £111ing, the duration %o be noted as well as the Venturi
heads. Readings %o be taken svery five minutes.
Pormula to be used.

V= GO wact R gh

W= asctual weight of water from the tank

we weight of eubic foot at that temperasure

a= area Venturi throat

o= goeffiocient

t* time in minutes

h= Venturi head

x
" 60 wa t 2gn

References:

Irans. A. 8. C. E. June 1891, "Discussion on Vater Moters® by
d. Thomson.

Trans. A. 8. C. 1. Dees. ax.‘xsav, *Papers Pertaining to Tests

on Venturi Meters® by Clemens Herehel.

Trans. A. 8. M. B. Vol. 31, 1909, ®Tests on Venturi Meters"
by Prof. C. N. Allen.

Trans. A. 8. M, B, Dea, 1893, *Calihration of a Verthington
Vater Meter® by Johm A. laird.

Engineering YWews Fed. 28, 1901, “Gauges to be Uged With the
Venturi Meter® by Charles P. Spalding.

Bnginsering Fews Sept. 2, 1882, "Desoription of Gauges?
Catalogs and other literatures were read from Builders

tron Foundry Co. and S8implex Valve and Meter Co. Other small

articles were read in luinoirinc News,Engineering Record ,

and Engineering Journmal.
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Pinal Thesis Time Report.

Mareh 28 to April 7 was spent inreading in the liwrary on
the Venturi Meters, tests and general information,

Apr. 7 to APr, 12¥ixing pipe for ovortlow and adjusting Ventud
tubes.

Apr. 18, to Apr. 18 tesaning out run-off, calidbrating scales.

Apr. 19 Testing out Venturi tubes separately.

Apr. 19, to Apr. 27 Pixing and adjusting tubes %to pressure
tlhk. cleaning meroury.

May 3 Began on tests, funninc'on the average of two pressure
heads per day. | |

May 9 Ran 1001b. pressure head.

May 18 to May 20 Tried te run 1351b,

May 22 to May 31 Time was spent on data, writing up; plot-
ting ourves, ete.

Total time up to date = 388 hours.
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Conslusions.

Many difficulties were encountered in pcrtorqing this

thesis.
Consideradble time was spent in repairing the meters,
especially meter Fo. 1; Several sand holds were formed

whereupon water entering would leak thru. The meters were

finally set up and arranged as indicated in the pleture.
More troudble was eneccuntered with the manometer tubes,

meresury being foreed out thru the eonmections, this how-
=¥:r.={: nzt encountered until higher pressures w‘ro met with,

It was our intention first to shift the meters after the
first series of tests were run (plasing the meter im differ-
ent series) dbut owing to the length of time taken in perform-
ing the first tests this was impossidle,

In eomparing the results obtained under the con‘itioal
imposed upom us, it can be seen on eomsulting the data sheets
that meter No. 2 is lowest in frioction loss, No. 3 and No, ¢
following in order. In respect to the corfficients of tho'
three meters, the first meter no doudbt is the best, as the
coeffieients of each flow are all more uniform than in the
other two, also lying within limits of coefficients which
meR of authority have determined.

In meter ¥o, 8 tho'oootrioiontn all vary to a greater

extent, but averaging to a ressonable ceeffieient. In meter
No. 2 the coefficients all range above 1.00,

T
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The eceffisient of each meter compared with the constant
in the formula

an
“ T 14 as tor20m:
meter cons tant coefficient
No. 1 1.15 «965
Fo. 2 1.18 1,04
¥o. 3 1.16 «993

The diameters of each meter were not to dimensions:as
indicated on the data shests.

In ;qnoru. meter No.l would be the most desirable to
be used. '
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