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Tniroduction and Theory

‘Flow can be measured either as an instananeous velocity or a measured quantity over a
period of time.

s
) s quantity m
Volumetric flow rate = 401

dme s

- mass kg
time s

Mass flow rate

Therefore m=pl

\¢) Tnternal energy due to the temperature. i ¢ heat energyrif there is 2 Fictional
resistance to flow, other forms of energy will be converted into heat energy
and

(d) Flow work pv will be performed on and by the system.

The enerey balance of a moving fluid s the sum of these three types of energy and the
flow work Therefore for unit mass of fluid;

Py, +ECE g =+ p vy 3Ol g

I the temperature s unchanged, 1, = u , then

P +ECl 4 gz = oy 104 EE:




[image: image2.png]This equation is known as Bernoulli’s theorem and applies to ideal gases and liquids
For liquids, which may be regarded as incompressible, the specific volume v and
density p are unchanged
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[image: image3.png]In the diagram on the previous page the liquid in the gauge at station 1 will rse to a
height that balances the staic pressure p, . The column willise to a height

(P £18) +=, above the reference plane. Similarly a station 2, the column will be

(P2 p38) +2, above the reference plane, The differential head A, is the diffsrence in
level between the two gauge tubes, and is given by;

h=[(p 708 )+2]-[(p.o2)+2,]
substitting from Bermoull’s theore;

Gon
2% 2g

or  Ci-Cl=2gh [0}

The volume of fluid flowing in the channel is given by
V= 4,C, = 4,C, where A is the cross sectional area
Therefore,  C, =(4,C,)/ 4,
substituting into equation (1)
G -[(4.C.)/ 4, T -2gn
Si-(4, 14)]=2¢h

2gh

& [l~(Az/A‘)J]

The ratio A, / 4, isoften represented by the symbol k.
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The diferntial pressre & = gh,s0 1 = Ap/pg

i 24pp
R =

The actual flow rate will be different from the theoretical flow rate due to frictional
and turbulance effects. In order to take this into account the coefficient of discharge is
introduced into the equations. The coeficient of discharge Co is the ratio of the actual
‘mass flow rate 1o the theoretical mass flow rate.

= Cy M




[image: image5.png]OBJECT
To determine the theoretical and experimental pressures in a venturi tube.
To determine the coefficient of discharge for the venturi.

PROCEDURE

Close the valve on the outlet sde of the venturi, then switch the pump on,
making sure that the valve on the inlet side of the venturi is fully open. Slowly open
the outlt side valve uniilthe i is cleared from the conneciing pipes and tubes. then
reclose the outlet side valve.

As the pressure level observed from the manometer tubes can be seen t0 be
lower when the outlet valve is open, i.¢. water is flowing, thetwe have o0 adjust the
static pressure such that we can get maximum use of the manometer range.

With the oulet side valve closed, very carefully release air pressure from the
manometer system by means of pressing in the vaive located on the top RHS of the
arrangement. By means of this valve adjust the stati level in the manometer tubes
nil it s 90% of full sclae (reading about 21-22cm). Note the levels in the individual
tubes in the chart given with this insiruction sheet.

Now open the ouilet side valve and adjust he flow so that the lowest pressure
i the manometer tubes is as near zero as you can obiain (without going lower than
zero). Note all the manometer readings in the chart provided.

Now measure the aciual mass flow rate of water. Close the drain on the
weigiing iank undernieath the app:atus by turning the handle on the side. Water will
‘now start to il in the tank unti it causes the balance to tip, at this instant st timing
with the siop watch provided and place on the end of the balance arm a weight (or
weights) which will tip the balance back. As the tank flls up further the balance again
will i over, and at this instant stop the stop waich. The weighis provide for the
balance are calibrated in terms of the weight of water in the tank. Therefore the
actual mass flow rate is this weight value divided by the time recorded on the stop
watch. Record these values on the chart provided.

Repeat for 2 other lower mass flow s, one of which should be when the pressure
difference beween the inlet aid throat is approximately 2cm.

Calculate the theoretical mass flow rate for the three sets of measurements and.
determine the value of Cp.

DI TON & CON

Compare the results of ‘Cpy obiained with typical values given in BS 1042, For the
test results comment on the probable sources of any errors in your results.
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