Numericals

. A pipeline (Fig. 6.5) is 15 cm in diameter and it is at an elevation of 100 m at section A. At section B it is at an elevation of 107 m and has
diameter of 30 cm. When a discharge of 50 litre/sec of water is passed through this pipeline, pressure at A is 35 kPa. The energy loss in pipe
is 2m of water. Calculate pressure at B if flow is from A to B. B

. Solution

. DA=15cm=0.15m; DB=30cm =0.3 m; *i-'—'-'-'—'-—"“ 30 cm dia.
. pA =35 kPa; Q = 50 litre/sec = 0.05 m3/s; i
|
. hf = 2 m of water; Direction of flow: from A to B |
Pressure at B, pp: T Pipeline
_ () 005 _ ! /
Va= T 2 T a SeSLE L A 15 cm dia i
XDy Fx0I5 !
S, "N, - |
v,= —2 -_%9 _o707ms
TwDi Zx(03)?
4 4

Applying Bemoulli’s equation between sections A and B, we get:;
P Vi, _ B Vs,

W-[—gg+d_,, w+Zg czg+hy

2 2

W w +[ 2 J+(‘-4_‘3]_ﬁf

Vi -Va
or, p3=p.¢+1+'[[—‘lgg B]+(EJ_EEJ_‘E?I:|

_ .o (1000x0.81 | [ 2.820° —0.707°
= 3+ 500 Txo81 ) TH00-100)-2
35+981(0.3824-7-2) = —49.54kPa.

ie pp=—49.54 kPa. This shows that the given pressure at A, 35 kPa is gauge pressure and
hence there 1s vacuum aif poimt B. (Ans.)
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Fluid Properties

. Water flows in a circular pipe. At one section the diameter is 0.3 m, the static pressure is 260 kPa gauge, the velocity is 3 m/s and the
elevation is 10 m above ground level. The elevation at a section downstream is 0 m, and the pipe diameter is 0.15 m. Find out the gauge
pressure at the downstream section. Frictional effects may be neglected. Assume density of water to be 999 kg/m3.

) = >
. Solution. Refer to Fig. 6.7.D1=0.3m; D2=0.15m; z1 =0; z2=10 m; p1 = 260 kPa, V1 = Py = 260 kPa

o . (gauge)
. 3 m/s; p =999 kg/m3. From continuity equation, A1 V1 = A2V2,
__n:_i e
Dy
1
T -2
==
A e
I-"z — EQ]-—)(PE: T 2 le 10 m
7
DY 03\ l
- | M2 1 i
[DJ N (0.15) *I TS

Weight density of water, w = pg =999 x 9.81 = 9800.19 N/m?
From Bernoulli's equation between sections 1 and 2 (neglecting friction effects as given), we

have:
n W, . _pn VL
w o 2g 1 w o 2g  ?

2601000 . (®°
.[_
0800.19 ~2x9.81

+10

_ _p az’
0200.10  2x 081

p? +
9300.19 734

200566 N/m® = 290.56 kPa (Ans.)

2655 +0459+10

£y
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Fluid Properties

A pipe 200 m long slopes down at 1 in 100 and tapers from 600 mm diameter at the higher end to 300 mm diameter at the lower end, and
carries 100 litres/sec of oil (sp. Gravity 0.8). If the pressure gauge at the higher end reads 60 kN/m2, determine: (i) Velocities at the two

1
ends; (ii) Pressure at the lower end. Neglect all losses. ,ﬁ..:\gp;n
Solution. Length of the pipe, | = 200 m; diameter of the pipe at the higher end, D1 = 600 mm F';:: 6
=0.641a, A, = % x 0.6°=0283 m’ @ —

"

Diameter of the pipe at the lower end,
D, =300mm=03m

. Area, 4, _E x 0.3° = 0.0707 m°

Height of the higher end. above datum, . }ﬂnﬂs‘i‘“ﬁ Datum line
1
I =——x200=2
17 100 .

Height of the lower end, above datum z,=0
Rate of oil flow, Q = 100 litres/sec = 0.1 m3/s Pressure at the higher end, p1 = 60 kN/m2 (i) Velocities, V1, V2: Now, Q = A1 V1 =A2 V2

where, V1 and V2 are the velocities at the higher and lower ends respectively.

_0_ 01 _gassm
¥ 4 0283 0.353 m's (Ans.) " 2
_p'l I:}::-I_ _ P'& F -
=£_L= 41 ! 4+ =4I = —-—+.-'_
148 4, " 00707 1.414 m/s {Ans.) w o 2g g
) 60 0.353° R 1.414°
(ii) Pressure at the lower end p2: 08x08L T 3x08l " 2 = 808l T %081 +0

Using Bernoulli’s equation for both ends of pipe, we have:

- 5 = _F'E_
764+000635+2 = 220102
ik —0s
08x08] _ -tm

Py = = 74.8 kKN/m*® {Ans.)
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Fluid Properties

. Gasoline (sp. gr. 0.8) is flowing upwards a vertical pipeline which tapers from 300 mm to 150 mm diameter. A gasoline mercury differential
manometer is connected between 300 mm and 150 mm pipe section to measure the rate of flow. The distance between the manometer
tappings is 1 metre and gauge reading is 500 mm of mercury. Find: (i) Differential gauge reading in terms of gasoline head; (ii) Rate of flow.
Neglect friction and other losses between tappings.

. Solution. Sp. gravity of gasoline = 0.8
. At Inlet: Diameter, D1 =300 mm =0.3 m

1

Area 4 Now, using Bermnoulli’s equation for the inlet and outlet of the pipe, we get:
1

% x 0.3% = 0.0707 m*

At Outlet: ?1: 2g +Z; = w 3g Iq
Diameter, D, = 150 mm=0.15m

2 2
Area 4, = =+ x 0.15°=0.01767 m’® :ﬂ—ﬂ}+ L +(z5-z)= 0
-4 wWoW 2g 1g -
Length of the pipe = 1m 7 apy?
Let datum of the pipe at inlet, 7; = 0 8+ no_an)” = =11 =0
- Datum of the pipe at outlet. =, =0+1=1m g &
Gauge reading, £ = 500 mm of mercury = 0.5 m of mercury. g 15 ;!?'13 ! 0
{7} Differential zauge reading in terms of gasoline head: P ) g -
The gauge reading = 0.5 m of mercury 1577
_ 13.5—0.Sx05 £ easoline of. 1 ;1
- 0e -2 01 gaso 2}_.,"
= 8 m of gasoline (Ans.) _ _ T2 %081 1""3_3{.26 .f
(if) Rate of flow, Q: - 15 | T 15| TeoMehmE

(ii) Rate of flow, Q: . Rate of flow, Q =4, F;=0.0707 x 3.026 =10.2139 m®/s {Ans.)
Let, V1 = Velocity of gasoline at the inlet, and
V2 = Velocity of gasoline at the outlet.
We know that, as per equation of continuity:
AlV1=A2V2
p, = A _ 0001V, _
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BERNOULLI’S EQUATION FOR REAL FLUID

Bernoulli’s equation earlier derived was based on the assumption that fluid is non-viscous and therefore frictionless. Practically, all fluids
are real (and not ideal) and therefore are viscous as such there are always some losses in fluid flows. These losses have, therefore, to be
taken into consideration in the application of Bernoulli’s equation which gets modified (between sections 1 and 2) for real fluids as follows:

2 2 5
P L R £ Smaller end
w2g + 5, —+ 22 + 24+ 1y . {04) @

where, fi; = Loss of energy between - A
sections land 2.

“onical tube

It

Lad
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Fluid Properties

A drainage pump has tapered suction pipe. The pipe is running full of water. The pipe diameters at the inlet and at the upper end are 1 m
and 0.5 m respectively. The free water surface is 2 m above the centre of the inlet and centre of upper end is 3 m above the top of free
water surface. The pressure at the tip end of the pipe is 25 cm of mercury and it is known that loss of head by friction between top and the

bottom section is one-tenth of the velocity head at the top section. Compute the discharge in litre/sec. Neglect loss of head at the entrance
of the tapered pipe. (UPTU) _
Dl = " 2= 1.

Solution. Given: 1m; D 5m;
76 Y, =03m
m= ?ﬁunong=mx13.ﬁ=l{}_336 of water; | <
25 1V Sl ) & CEEESS SO bt
Py = 25emof Hg= 75 13.6= 3.4 m of water; = 75 52 E:‘:‘_____E_.I T
Discharge, Q: © ':-:Iuctmn === I m
Befer to Fig. 6.18. Applying confinuity equation for the flow through pipe, we get: pips :_::_—__;__::::—
A4, V) = 4,1, ":__:__:__—_::_T:__—T_—_If' l
T2 T2 P e p————————
-obvn==-% oI i
4 Dk 472 —— o
5 3 el Sl il Weplpnltetity |
or Dy, = D3, = - —an
or, *x 1y = (0571, Iy e —— I AW v
or, F, = 4F) Dy =1m
Now, applying Bemoulli’s equation at 1-1 and 2-2,
Tef-
o=t 2 2
i?+F—1:—21 = ﬂ:—F—1+31+1i51_r-
w2z w  2g
14 1677 1677
10336+ L 10 = 34+ o1 ;5. L 1%
4 2g 10 2g

161 | 16%° I

¢ 1z Iz
or, 166 7 = 2x0.81x 1936=37.08
: ¥, = 1513mis

= 10336-34-5=1936

Discharge Q =4,V = % 12 % 1.513 =1.188 m*/s = 1188 litres/sec. (Ans.)
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