Fluid Properties
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Eqn (6.5) gives the discharge under ideal conditions and 1s called theorefical discharge. Actual
discharger (@, ) which is less than the theoretical discharge (0 ) 1s given by:

Q,, = Cyx—2h _« frch _(66)
A -4
where, C; = Co-gfficient of venturimeter (or co-efficient of discharge) and its value is less than
unity (varies between 0.96 and 0.98)

o Duie to variation of C, venturimeters are not suitable for very low velocities.
Value of */* by differential U-tube manometer:
Case. L. Differential manometer containing a liguid heavier than the liquid flowig through the
pipe.
Let, Sy = 5p. gravity of heavier lignid,
3, = 5p. gravity of liquid flowing through pipe. and
¥ = Difference of the heavier liquid colummn 10 L-tube.

Case. Il. Differential manometer containing a liquid lighter than the liquid flowing through the pipe.
Let, Sl = Sp. gravity of lighter liquid,

Sp = Sp. gravity of liquid flowing through pipe, and

y = Difference of lighter liquid column in U-tube.

S

i

Then, h=y[l—i}
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Fluid Properties

A horizontal venturimeter with inlet diameter 200 mm and throat diameter 100 mm is used to measure the flow of water. The
pressure at inlet is 0.18 N/mm2 and the vacuum pressure at the throat is 280 mm of mercury. Find the rate of flow. The value of
Cd may be taken as 0.98.
Solution. Inlet diameter of venturimeter, ) =200 mm=0.2m
Area of inlet, 4, = %x 0.2% =0.0314 m*
Throat diameter, 22, = 100 mm=0.1m
Area of throat, 4, %x 0.1 =0.00785 m’

0.18 N'mm” = 180 kIN/m”

Pressure at mlet, p,

Ao_ 180

w - o§] om
Vacumm pressure at the throat,

£2 _ 280 mm of mercury

W
= — (.28 m of mercury =—0.28 % 13.6 =— 3 8§ m of water
Co-efficient of discharge, C; = 0.98
Differential head. h = % —%= 183 (~38)=221m
Rate of flow, Q:

Using the relation,
Q= Cdx—Aj!é:—x 2ok, we have:
J4-4£
_ (.08 x__0:0314x0.00785 _ s JTx08Tx321
4/ (0.0314)% — (0.00785)"
0.000241
= Ze T 00,82
00304
or © = 0.165 m*s (Ans.)
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Fluid Properties

A venturimeter (throat diameter = 10.5 cm) is fitted to a water pipeline (internal diameter = 21.0 cm) in order to monitor flow rate. To
improve accuracy of measurement, pressure difference across the venturimeter is measured with the help of an inclined tube manometer,
the angle of inclination being 30° (Fig. 6.30). For a manometer reading of 9.5 cm of mercury, find the flow rate. Discharge co-efficient of

venturimeter is 0.984. (GATE

From
. Solution ; Internal dia., D1 =21.0cm =0.21 m; Ve r'l.'['l.lt'i. ¢
Area of inlet, 4, = %Df=%x{{}.21}1 = 0.0346 o1’ " 9.
- i ~ Water
Throat dia, D, — 10.5 cm = 0.105 m *I fifﬂ\*,
_R®_ 2 T 70 2 . _
Area at throat, 4, = 3 x* D3 3 » {0,105y = 000366 m 3[:1”* “‘-—m He
Discharge co-efficient of venturimeter, Cﬂ =0034 -
O
Pressure head_ h = y|:—H§ _ ] — (9.5 5in30°) [E _ 1}
I 1
= 50 85cm=035985m
Dizcharge () through a venturimeter 15 given by:
AA
0= Cyj—/—=2_x.f27h
— 0.984x 20310000880, 558750 5085
J(0.0346) — (0.00866)
= 0.984 x 0.008945 %.3:427/=.0.0302.:m’5 (Ans.) 207




Fluid Properties

Vertical and inclined venturimeters

Vertical or inclined venturimeters are employed for measuring discharge on pipelines which arenot horizontal. The same formula for
discharge as used for horizontal venturimeter holds good in these cases as well

Herte, h= [% —lj (27 —22)

[In horizontal venturimeters z, —z, =0 as z, = z,]

- ' -

A 200 mm x 100 mm venturimeter is provided in a vertical pipe carrying water, flowing in the upward direction. A differential mercury
manometer connected to the inlet and throat gives a reading of 220 mm. Find the rate of flow. Assume Cd = 0.98.

Solution. Diameter at the inlet, D1 =200 mm =0.2 m

Area ofinlet, 4; = % %022 =00314m’ Rate of flow, Q:
Diameter at the throat, D, = 100 mm=0.1m Differential head,
Area at the throat, 4, = L % 0.12=0.00785 m’ h = [ﬂ + 3,) (i + 2) —y|2m 1
4 W W 5;
Sp. gravity of heavy liquid (in the manometer), Shl=13.6 _ 0 22(13 i 1 l]) _277m
Sp. gravity of liquid flowing through pipe, Sp = 1.0 1.0 ) )
Co-efficient of discharge, Cd = 0.98 Using the relation_ o=c, A, 22k . we have
Reading of the differential manometer, y =220 mm =0.22 m - 1||441 A-ﬁ

0= 0082031 x00078 o oRT=a77

4/0.0314% —0.00785

_ 0.000241
0.0304

x 7.34 = 0.0584 m*/s (Ans.)
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Fluid Properties

. A 300 mm x 150 mm venturimeter is provided in a vertical pipeline carryingoil of specific gravity 0.9, flow being upward. The difference in
elevation of the throat section and entrance section of the venturimeter is 300 mm. The differential U-tube mercury manometer shows
gauge deflection of 250 mm. Calculate: (i) The discharge of oil, and (ii) The pressure difference between the entrance section and the
throat section. Take the co-efficient of meter as 0.98 and specific gravity of mercury as 13.6 :

. Solution. Diameter at inlet, D1 =300 mm =0.3 m

Area ofinlet, 4, = %xﬂ.iz = 0.07m?

Diameter at throat, I}, = 150mm=0.15m

Area at throat, 4, = %xﬂ.lﬁz = 0.01767 m?

Thvoa
1

J00mm

. Specific gravity of heavy liquid (mercury)
. in U-tube manometer, Shl =13.6 Specific gravity of liquid (oil) flowing ‘
. through pipe, Sp = 0.9 Reading of differential manometer,

. y =250 mm = 0.25 m The differential ‘h’ is given by: T

0.07=0.01767 =
Ly -[136 0= 0098x % 4f2x9.81x353
= }'[E‘“—l }ﬂm} [ 0.9 _1] 0.072 —0.01767°

£
~3.53 m of oil = D202 %832 = 0.1489 ms. (Ans)
(7} Discharge of oil, Q: - {77} Pressure difference between entrance and throat sections, p; — p;:
Using the relation, We know that, h= (% + z,j - [% +zg) ~3.53

(i) Discharge of oil, Q: Using the relation,
or, (% - %) +(zy—z9) =353

0= {,;x —‘{% x4/ 2gh . we have: But, 7,—z, =300 mmor 0.3 m
A7 —4;

- [ﬂ_&)_g_g —353 o 17 P2 _3g3
wow W
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by —py = (9.81 X 0.9) x 3.83 = 33.8 KN/’ (Ans.)



Fluid Properties

The following data relate to an inclined venturimeter: Diameter of the pipeline = 400 mm Inclination of the pipeline with the horizontal =
30° Throat diameter = 200 mm The distance between the mouth and throat of the meter = 600 mm Sp. gravity of oil flowing through the
pipeline = 0.7 Sp. gravity of heavy liquid (U-tube) = 13.6 Reading of the differential manometer = 50 mm The co-efficient of the meter =
0.98 Determine the rate of flow in the pipeline.

Solution. Diameter at inlet, D1 =400 mm = 0.4 m
- Areaofinlet, 4,= % x 042 =0.1257 m’
Throat diameter, D, =200mm=02m
- Area at throat, A4, =% x0.027=0.0314 m’

Reading of the differential manometer (U-tube),
¥y=50mm=005m

Difference of pressure head /& is given by

Ry
h=y i—l:|
E

|| | I
. . /f(/,r 30 mim
where, 5, = Sp. gravity of heavy liquid (ie, //1‘ 1

mercury) in U-tube = 13.6, and It may be noted that differential gauge
S, = Sp. gravity of liquid (. e, oil) flowing through reading will include in itself the Ol Mercury
the pipe =0.7 difference of pressure (sp. gr. =0.7) (sp. gr.= 13.6)
_ '13.6 _ . head and the difference of datum head.
h=0.05 0.7 1| =092 mofoil Thus, eqn. (i) reduces to:
Now, applying Bernoulli’s equation at sections “1” and *2°_ we get: h +E B I"f _
E!- + 7 F E!i = El 7 -_EE:J_ Eg 2
ST s . . : : . i
W g W 28 Applying continuity equation at sections “1" and “2" we get:
2 '] . .
of, [ﬂ+31]—[‘p—2+32]+i—ﬂ =10 "1'.'T’1 _"‘[!E']
W w2 2% A @Hx02?
Fl Pj or, I:]. = ‘.:[ = ; 3 i 1 = T
But, a5 )= 1 (m/4) =04

j [ﬂ _&) +{zl_z = . . .
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