Tutorial 7

Fluid Dynamics

1. Oil with sp gr 0.75 is flowing through a 15cm diameter pipe under a pressure of 105KN/m?. If the total
energy relative to a datum plane 2.5m below the center of the pipe is 18m, determine the flow rate of
oil.

Solution:

Pressure (P) = 105 Kpa

Diameter of pipe (d) = 15cm = 0.15m

C/S Area of pipe (A) = %xO.lS2 =0.01767 m?
Datum head (Z) = 2.5m

Total energy (E) = 18m

Flow rate (Q) =?

According to Bernoulli’s equation,

2
E:£+V_+Z
Yy 29

105000 v?
18 =rsme T 29 +2.5
V=4.91m/s

Q=AV=0.01767x4.91 = 0.0867 m®/s

2. A fluid is flowing in a 20cm diameter pipe at a pressure of 28 KN/m? with a velocity of 2.4m/s. The
elevation of center of pipe above a given datum is 4m. Find the total energy head above the given
datum if the fluid is (a) water, (b) oil of sp gr 0.82, and (c) gas with a specific weight of 6.4 N/m?>.

Solution:

Pressure (P) = 28 Kpa
Velocity (V) = 2.4m/s
Datum head (Z) = 4m
Energy head (E) =?

a) For water, y = 9810 N/m?

P V? 28000 | 2.42
E _;+Z+Z —m‘i‘z‘l“l- =7.15m
b) For oil, ¥ = 0.82x9810 =8044.2N/m?

P V? 28000 = 2.42
E _;+Z+Z = 8044-2+E+4 =7.77m

b) For gas, ¥ = 6.4N/m>



2 2
Tz =204 2% 1 4 -4379.3m
29 6.4 29

E=24
Y

3. A pipe, through which water is flowing is having diameters 40cm and 20cm at sections 1 and 2
respectively. The velocity of water at section 1 is 5m/s. Find the velocity head at sections 1 and 2 and
also compute discharge.

Solution:

Diameter of pipe at sectionl (d;) = 40cm = 0.4m

C/S Area of pipe at sectionl (A;) = %360.42 =0.1256 m’
Velocity of pipe at sectionl (V;) =5m/s

Diameter of pipe at section2 (d,) = 20cm =0.2m

C/S Area of pipe at section2 (A,) = %xO.Z2 =0.0314 m?

Velocity heads = ?

Discharge (Q) =?

Q=A;V; =0.1256x5 = 0.628 m’/s
Q=AV:=AV,

V, = Q/A, =0.628/0.0314 = 20m/s

2 2
Velocity head at section 1 = W5, 1.274m
2g 29
. . vZ 202
Velocity head at section 2 = =% = —=20.38m
2g 29

4. The water is flowing through a taper pipe of length 50m having diameters 40cm at the upper end and
20cm at the lower end, at the rate of 60 Ips. The pipe has a slope of 1 in 40. Find the pressure at the
lower end if the pressure at the higher level is 24.525 N/cm? (a) assuming no loss of energy (b) a loss of
0.2m.

Solution:
Diameter of pipe at sectionl (d;) = 20cm = 0.2m
C/S Area of pipe at sectionl (A,) = %xO.Z2 =0.0314 m?



Diameter of pipe at section2 (d,) = 40cm = 0.4m

C/S Area of pipe at section2 (A,) = %360.42 =0.1256 m?
Discharge (Q) = 60lps = 60x10° m>/s =0.06 m>/s

Velocity at section 1 (V;) = Q/A; =0.06/0.0314 = 1.91m/s
Velocity at section 2 (V,) = Q/A; =0.06/0.1256 = 0.47m/s
Pressure at section 2 (P,) = 24.525 N/cm? =24.525x10* N/m?
Pressure at section 1 (P,) =?

Slope =tanB = 1/40

0=1.43°

Taking datum head at section 1 (Z;) =0

Z, =50Sin1.43 =1.25m

a. Applying Bernoulli’s equation at section 1 and 2 (considering no loss)
P Vi P,  V#
A4 L4z =24247
y 29 17Ty T2g " 72
Py 1.91% 24.525x10% = 0.472

9810+ 29 +0= 9810 + 29 +1.25

P, = 255799 N/m’
b. Applying Bernoulli’s equation at section 1 and 2

Loss of head (h)) =0.1m

P, Vi P,
_1+_1+le_2
Y 29 14

2 4 2
Pi 197 _ 24525x10 0472 oo o4
9810 = 2g

9810 29
P, = 256780 N/m’

+2 47, 4n
29 2 L

5. A pipe line carrying oil of sp.gr. 0.8, changes in diameter from 300mm at a position A to 500mm at
position B which is 5m at a higher level. If the pressures at A and B are 19.62 N/cm” and 14.91 N/cm?
respectively, and the discharge is 150 Ips, determine the loss of head and the direction of flow.

Solution:
Diameter of pipe at section A (d;) =300mm =0.3m



C/S Area of pipe at section A (A;) = %xO.B2 =0.0707 m?

Diameter of pipe at section B (d,) = 500mm = 0.5m

C/S Area of pipe at section B (A,) = %xO.S2 =0.1963 m?
Discharge (Q) = 150lps = 150x10> m*/s =0.15 m*/s
Velocity at section A (V,) = Q/A; =0.15/0.0707 = 2.12m/s
Velocity at section B (V,) = Q/A, =0.15/0.1963 = 0.764m/s
Datum at section A (Z;) =0

Datum at section B (Z;) =5m

Pressure at section A (P;) = 19.62 N/cm? = 19.62x10™ N/m?
Pressure at section B (P,) = 14.91 N/cm? = 14.91x10™* N/m?
Loss of head (h,) =7

Direction of flow =?

196200 . 2.122
ooxost0 T 29 T 0=25.229m

149100 0.7642

o8x9810 T 29

2
Energy head at A (E,) = % + ‘2’_1g v 7, =

+5=24.028

2
Energy head at B (Eg) =2 + -2 + 7, =
Y 29
h, = Ex-E5 = 25.229-24.028 = 1.201m

As E, is greater than Eg, the flow takes from A to B.
6. A 100mm diameter suction pipe leading to a pump carries a discharge of 0.03 m?®/s of oil (sp gr =

0.85). If the pressure at point A in the suction pipe is a vacuum of 180mmHg, find the total energy head
at point A w.r.t a datum at the pump.

ol

Suction pipe Discharge pipe

=

1.2m
_v

Datum

Pump

Solution:
Diameter of pipe at section A (d) = 100mm = 0.1m

C/S Area of pipe at section A (A) = %xO.l2 =0.00785 m*
Discharge (Q) = 0.03 m?®/s



Velocity at point A (V) =Q/A = 0.03/0.00785 = 3.82m/s
Pressure head at A (h) =-180mm Hg =-0.18 m of Hg
Pressure at A (P) = )/th = 13.6x9810x(-0.18) = -24015 Pa
Datum head (Z) =-1.2

Total energy head at A (E) =?

According to Bernoulli’s equation,

p V2 —24015 3.82%

7. Qil (sp gr = 0.84) is flowing in a pipe under the conditions shown in the fig. If the total head loss from
point 1 to point 2 is 0.9m, find the pressure at point 2.

D, = 15cm ,P; =455 KN/m?

Q=006m)s—» & -1
D, =25cm,P, =?
ZY .2 — ;
35m Q=0.06 m"/s
1.2m
Datum l

Solution:
Diameter of pipe at section 1 (d;) = 15cm =0.15m
C/S Area of pipe at section 1 (A;) = %xO.lS2 =0.0176 m’

Diameter of pipe at section 2 (d,) = 25cm = 0.25m

_m

C/S Area of pipe at section 2 (A,) = " x0.25% = 0.049 m?
Discharge (Q) = 0.06 m>/s

Velocity at point 1 (V;) =Q/A; = 0.06/0.0176 = 3.4m/s
Velocity at point 2 (V,) =Q/A, = 0.06/0.049 = 1.22m/s
Datum head at 1 (Z;) =3.5m

Datum head at 2 (Z,) =1.2m

Head loss (h,) = 0.9m

Pressure at 1 (P;) = 455 Kpa = 455000 Pa



Pressure at 2 (P,) =?

Applying Bernoulli’s equation at 1 and 2

Py Vi _P v
St L =2ttt Lty

2
— P2 122 12409
0.84x9810 29

455000

3.42
——— 4+ —+435 =
0.84x9810 = 2g

P, =470767 Pa=470.76 KPa
8. A 20cm diameter horizontal pipe is attached to a reservoir as shown in fig. If the total head loss

between the water surface in the reservoir and the water jet at the end of the pipe is 1.8m, what are the
velocity and flow rate of water being discharged from the pipe?

Water

Solution:

Diameter of pipe at section 2 (d;) =20cm =0.2m
C/S Area of pipe at section 2 (A;) = %xO.Z2 =0.0314 m?
Velocity at point 1 (V;) =0 m/s

Datum head at 1 (Z;) =4.5m

Datum head at 2 (Z,) =0

Head loss (h,) = 1.8m

Pressure at 1 (P;) = 0 (atmospheric)

Pressure at 2 (P,) = 0 (atmospheric)

Velocity at point 2 (V,) =?

Discharge from point 1 (Q,) =?

Applying Bernoulli’s equation at 1 and 2

2 2
B iz =217, 4,
Y 29 29
2
0+0+45=0+%+0+18

V,=7.28m/s
Q,=A,V,=7.28x0.0314 = 0.228 m*/s



9. QOil flows from a tank through 140m of 15cm diameter pipe and then discharge into air as shown in
the fig. If the head loss from point 1 to point 2 is 0.55m of oil, determine the pressure needed at point 1
to cause 0.02 m>/s of oil to flow.

‘ Elv. 30m
S o o
Air
Elv. 25m 1
il
Spgr=0.8

Solution:

Diameter of pipe at section 2 (d,) = 15cm = 0.15m

C/S Area of pipe at section 2 (A;) = %360.152 =0.0176 m?
Velocity at point 1 (V1) =0 m/s

Datum head at 1 (Z;) =25m

Datum head at 2 (Z,) =30m

Head loss (h;) = 0.55m

Pressure at 2 (P,) = 0 (atmospheric)

Discharge (Q) = 0.02 m?/s

Velocity at point 2 (V,) = Q/A, = 0.02/0.0176 = 1.14m/s
Pressure at1 (P,) =7

Applying Bernoulli’s equation at 1 and 2
2 2
By iz =217, 4,
Yy 29 Yy 29
Py _ 1.142
seroso T 0+25=0+ EYE + 30 + 0.55
P, =43037 Pa =43.037 Kpa




10. In the fig., one end of a U-tube is oriented directly into the flow so that the velocity of the stream is
zero at this point (stagnation point). Neglecting friction, determine the flow of water in the pipe.

20cm dia. pipe

]
I

7cm Hg

|

Solution:

Diameter of pipe (d) =20cm =0.2m

C/S Area of pipe (A) = %xO.ZZ =0.0314 m?
Velocity at point 1 (V1) =0 m/s

Taking center of pipe as datum
Datum head at 1 (Z,) =0
Datum head at 2 (Z,) =0
Pressure at 1=P;
Pressureat2="P,

Velocity at point2 =V,

Flow rate (Q) =?

Applying Bernoulli’s equation at 1 and 2
PV P, |V}

- +=+Z==+=2+7Z

y Tagtaa=ytgg T2

2
Bro+0=24%40
Y Y 29

,2
V, = 7g(P1—P2)

Writing manometric equation
Pl + ywater(y + 007) = PZ + Ywatery + yng0.07

P; +9810x0.07 = P, + 13.6x9810x0.07
Pl'Pz =8652.4 Pa

= |29p, —p)= |2L -
V, = V(Pl Py) J9810x8652.4 4.15m/s

Q=AV,=0.0314x4.15=0.13 m*/s



11. Find the manometer reading (h) in the lossless system of the fig.

25mm dia—p, 2

2m
V;=0.6m/s
75@ dia
—» Water 1
3 tm
h
e v
7 v

Solution:

Diameter of pipe at section 1 (d;) = 75mm = 0.075m

C/S Area of pipe at section 1 (A,) = %Jc0.0752 =0.00442 m’
Diameter of pipe at section 2 (d,) = 25mm = 0.025m

C/S Area of pipe at section 2 (A;) = %XO.OZSZ =0.00049 m?
Velocity at point 1 (V;) =0.6 m/s

Discharge (Q) = A; V; = 0.00442x0.6 = 0.00265 m>/s
Velocity at point 2 (V,) =Q/A, = 0.00265/0.00049 = 5.4 m/s
Pressure at 2 (P,) = 0 (atmospheric)

Pressure at 1=P,

Taking datum through point 1

Datum head at 1 (Z,) =0

Datum head at 2 (Z,) =2m

h="?

Applying Bernoulli’s equation at 1 and 2
PV P, | V}

- +=+Z==+=2+7Z

y Tagtaa=y g2

sei0 T 29 +0=0+ 20 +2

P, =34020 Pa

Writing manometric equation

P; + Ywaterx1 =0 + VHth
34020 + 9810x1 = 13.6x9810xh
h=0.328m



12. In the fig., the fluid is water and the pressure at point 1 is 180Kpa gage. If the mass flux is 15kg/s,
what is the head loss between 1 and 2? (flux = flow rate)

5cm dia jet
A >

8cm dia pipe / 12m

— 1 J—

Solution:
Diameter of pipe at section 1 (d;) =8cm = 0.08m
C/S Area of pipe at section 1 (A;) = %360.082 =0.00503 m?

Diameter of pipe at section 2 (d,) = 5cm = 0.05m
C/S Area of pipe at section 2 (A,) = %xO.OS2 =0.00196 m?
Mass flux (M) = 15kg/s
Velocity at point 1 (V;) = = — 1>
elocity at pot Y= pa; ~ 1000x0.00503
M 15

VelOCIty at point 2 (VZ) = E = m

Pressure at 1 (P,) = 180 Kpa
Pressure at 2 (P,) = 0 (atmospheric)

=2.98m/s

=7.65m/s

Taking datum through point 1
Datum head at 1 (Z,) =0
Datum head at 2 (Z,) = 12m
Head loss (h) =?

Applying Bernoulli’s equation at 1 and 2

2 2
By iz =217, 4,
Y 29 Y 29

2 2
180000 , 2.98 10=04 7.65 +12 4Ry
9810 29 2g

h|_ =3.82m




13. A pipeline connected to a reservoir discharges water to the atmosphere. The loss of head is 1 times
velocity head from A to B, 1.5 times velocity head from B to C and 0.5 times velocity head from C to D. If
the pipe is 150mm in diameter, calculate the pressure heads at B and C. Also compute discharge.

Reservoir 20m

Datum

Solution:

Diameter of pipe (d) = 15cm =0.15m

C/S Area of pipe at section (A) = %xO.lS2 =0.0176 m*
Velocity at A (V) =0

V = Velocity of water through pipe = Vg =V =V,
hLsp = g yhlge = %;/2' hLcp = %gvz

3v2
Total head loss (hL) = 2

Datum head at A (Z,) =20m

Datum head at B (Zz) =0

Datum head at C (Z¢) = 15m

Datum head at D (Zp) =5m
Pressure at A (P,) = 0 (atmospheric)
Pressure at D (Pp) = 0 (atmospheric)
Pressure head at B (Pg/y) =?
Pressure head at C (P;/y) =?
Discharge (Q) =7

Applying Bernoulli’s equation at Aand D

Py, Vi Pp , V§

PayVaiy gz, =024y 7 4 0L

At A4z, =24 Dzt h
2 2

0+04+20=0+—+5+—
2g 2g

V=8.57m/s

VB:VC:VD:8.57 m/S



Applying Bernoulli’s equation at A and B

Py, Vi Pg | VB
2L+ L4+ 7, ==+=+4+Zz+hL
Y T 2g A Y T 2g B AB

2 2
0+0420=FE4" 104"
Y 29 2g

P 8.572 = 8.572
20=-2+

14 2g 2g
P
£ =125m
14

Applying Bernoulli’s equation at Band C

Pg | V§ Pc V¢
=+ 24+ Zg=—+-"-+4+Z,+hlL
y 29 B y 2g c BC

2 2 2
125+ +0=2¢4 2 4454 227
2g 14 2g 29
+8 572
25— E+ 1.5%8.57
Y 2g
Pe— _g11m
Y

Q=AV =0.0176x8.57 = 0.1508 m?/s

14. A 15cm diameter pipe is expanded to 25cm diameter suddenly at a section. The head loss at a
sudden expansion from section 1 to 2 is given by h, = (V1-V,)*/2g. For a discharge of 45 Ips, calculate the
manometer reading h.

<

50cm

Water

ercury

Solution:
Diameter of pipe at section 1 (d;) = 15cm =0.15m
C/S Area of pipe at section 1 (A;) = %950.152 =0.0176 m?



Diameter of pipe at section 2 (d,) = 25cm = 0.25m

Area of pipe at section 2 (A;) = %950.252 =0.049 m*
Discharge (Q) = 45 Ips = 0.045 m>/s

Velocity at point 1 (V;) =Q/A; = 0.045/0.0176 = 2.55 m/s
Velocity at point 2 (V,) =Q/A, = 0.045/0.049 = 0.92 m/s
Pressure at 1=P;

Pressureat2="P,

Taking datum through point 2

Datum head at1(Z;) =0.5m

Datum head at 2 (Z,) =0

— 2 _ 2

Head loss (h,) = (i-V2)? _ (2.55-0.92)
2g 29

h=7?

=0.14m

Applying Bernoulli’s equation at 1 and 2
Py, VE P, |V}

2+ i+ Z=2+2+Z,+h

y 29 1Ty T2 727 7L

Py 2.552 _ P 0.922
5810 +—2g +0.5 = 5810 + TS +0+0.14

P, —P,=-6359.6 Pa

Writing manometric equation

Py + Vwaterxy + Vngh = P+ YwaterXxh
-6359.6+9810(0.5-h)+13.6x9810h =0
h=0.0117m

15. Water is pumped from a reservoir through 150mm diameter pipe and is delivered at a height of 15m
from the centerline of pump through a 100mm nozzle connected to 150mm discharge line as shown in
the figure. If the pressure at the pump inlet is 210 KN/m? absolute, inlet velocity of 5m/s and the jet is
discharged into atmosphere, determine the energy supplied by the pump. Take atmospheric pressure =
101.3 KN/m? and assume no friction.

2 100mm dia

150mm dia

5m/s oo

Pump

Solution:
Diameter of pipe at section 1 (d;) = 150mm = 0.15m



C/S Area of pipe at section 1 (A;) = %9«40.152 =0.01767m?

Diameter of pipe at section 2 (d,) = 100mm = 0.1m

C/S Area of pipe at section 2 (A;) = ng.lz = 0.007854 m*
Velocity at point 1 (V;) =5 m/s

Discharge (Q) = A; V, =0.01767x5 = 0.08835 m?/s

Velocity at point 2 (V,) =Q/A, = 0.08835/0.007854 = 11.25 m/s
Pressure at 1 (P;) = 210 KN/m?

Pressure at 2 (P,) = 101.3 KN/m? (atmospheric)

Taking datum through centerline of pump
Datum head at1(Z;) =0

Datum head at 2 (Z,) = 15m

Energy supplied by pump =?

h, = Head supplied by the pump

Applying Bernoulli’s equation at 1 and 2

Py, VE P, |V}
B Az +h, =24 27
y 2g TLTTP Ty Tag 72

210000 , 52 101300 . 11.252
5810 +£+O+hp— 9810 + 29 + 15
h, =9.09m

Energy supplied by the pump = yQh,, = 9810x0.08835x9.09 = 7878W

16. For a turbine shown in the figure, P; = 200 Kpa, P,= -35Kpa, Q = 0.3m>/s. Determine the energy
output of the machine if its efficiency is 80%.

400mm dia

Turbine

800mm dia

Solution:
Diameter of pipe at section 1 (d;) = 400mm = 0.4m
C/S Area of pipe at section 1 (A,) = %xO.A}2 =0.1256m’



Diameter of pipe at section 2 (d,) = 800mm = 0.8m
C/S Area of pipe at section 2 (A;) = 5950.82 =0.5026 m*
Discharge (Q) = 0.3 m*/s

Velocity at point 1 (V4) = Q/A, =0.3/0.1256 = 2.38 m/s
Velocity at point 2 (V,) =Q/A, = 0.3/0.5026 = 0.6 m/s
Pressure at 1 (P;) = 200 Kpa

Pressure at 2 (P,) = -35Kpa

Taking datum at 2,

Datum head at1(Z,) =0

Datum head at 2 (Z;) = 1.5m

Efficiency () =0.8

Energy output of machine = ?

h; = Head extracted by turbine

Applying Bernoulli’s equation at 1 and 2

oy Vi, oy P VE
St —he =242 47,

200000 , 2.382 —35000 = 0.62
o810 + TS +15—h, = 9810 +E +0
h;=25.72m

Energy output =n(yQh;) = 0.8x(9810x0.3x25.72) = 60555W
17. A jet of water issues vertically upwards from 0.2m high nozzle whose inlet and outlet diameters are

100mm and 40mm respectively. If the pressure at the inlet is 20 Kpa above the atmospheric pressure,
determine the discharge and the height to which the jet will rise. Assume no friction

100mm dia

Solution:
Inlet diameter (d;) = 100mm = 0.1m

C/S Area at inlet (A;) = %xO.l2 =0.007854 m’
Outlet diameter (d,) = 40mm = 0.04m



C/S Area at outlet (A;) = %x0.042 =0.001257m?
Pressure at 1 (P;) = 20 KN/m?

Pressure at 2 and 3 (P,, P3) =0

Discharge (Q) =?

Height to which jet will rise (h) =?

Applying Bernoulli’s equation at 1 and 2 (Taking datum at 1)
By Vg =Yg
Y 29 Y 29

20000
9810

V2 -V} =-36.076 (a)
From continuity

2 2
+A40=0+2Z 402
2g 29

A1V1 = A2V2
0.007854V; = 0.001257V,
v, = 0.16V, (b)

Fromaandb

(0.16V,)%? — V2 = —36.076

V, =6.08m/s

V;=0.97m/s

Q = A,V; =0.007854x0.97 = 0.007618 m?/s

Applying Bernoulli’s equation at 2 and 3 (Taking datum at 2)

Py,  V? Py | VZ
24247, =24+24 17
Y 29 Y 29

2
0+ L 0=0+0+h
2g
h = 1.88m

18. A jet of water coming out from 50mm diameter rounded nozzle attached to 100mm diameter pipe is
directed vertically downwards. If the pressure in the 100mm diameter pipe 0.2m above the nozzle is 200
Kpa gauge, determine the diameter of jet 5m below the nozzle level.

0.2m

5m

3____L_J_o___




Solution:

Diameter of pipe at section 1 (d;) = 100mm =0.1m

C/S Area of pipe at section 1 (A;) = ng.lz = 0.007854 m*
Diameter of pipe at section 2 (d,) = 50mm = 0.05m

C/S Area of pipe at section 2 (A;) = %xO.OS2 =0.001963m?

Pressure at 1 (P;) = 200 Kpa
Pressure at 2 and 3 (P,, P;) =0

Applying Bernoulli’s equation at 1 and 2 (Taking datum at 2)

P V¢ P, | V¥
L I
y 29 YTy T2 2

20000
9810

VZ—-VZ=-404 (a)

From continuity

AV = A5,

0.007854V; = 0.001963V,

Vi = 0.25V, (b)

Fromaandb

(0.25V,)%2 — V72 = —404

V, =20.75m/s

V,=5.18m/s

Q = A,V; = 0.007854x5.18 = 0.0407 m*/s
Applying Bernoulli’s equation at 2 and 3 (Taking datum at 3)

2 2
+4402=0+2+0
29 2g

PV _Pk
” +2g+z2 = +2g+z3
20.752

29

V5;=23m/s

As = Q/V; =0.0407/23 = 0.00177 m?
Vs

A3 = stz’

0.00177 = 7.d3

d; =0.047m =47mm

0+

VZ
+5=0+-%-+0
29



19. The pipe flow in the figure is driven by the pump. What gauge pressure is needed to be supplied by
the pump to provide water flow rate of Q = 60m>/h? Neglect head loss from A to B. Head loss from C to

2 2
D=30 I;C—;; Head loss from D to E = 20 ‘;C—;; das (diameter of pipe AB) = dcp = 5¢m; dpe = 2cm. where Vp =

velocity in pipe CD and V¢ = velocity in pipe DE.

b A E Q
1 80m
10m

Solution:

Discharge (Q) = 60m?/h = 60/3600 m*/s = 0.0167 m>/s

Diameter of pipe AB and CD = 5c¢cm = 0.05m

C/s Area of pipe AB and CD (Aas, Acp) = %xO.OSZ: 0.001963m?

Diameter of pipe DE =2cm = 0.02m

C/s Area of pipe DE (Apg) = %x0.022= 0.000314m?

Velocity of flow through AB and CD (Vag = Vp) =Q/Aas = 0.0167/0.001963 = 8.5m/s
Velocity of flow through DE (Vpe) = Q/Ape = 0.0167/0.000314 = 53.2m/s

Head loss between A and B (hLg) =0

2 2
Head loss from C to D (hLcp) = 3OI;C—L"]J = 30% =110.5m

2 2
Head loss from D to E (hLpg) = ZOI;C—; = 20% =73.65m

Total head loss (h,) = 0+110.5+73.65 = 184.15m

h, = Head supplied by the pump

At point 1,V, =0, P, =0 (atm)

At point E, P; = 0 (atm)

Applying Bernoulli’s equation between 1 and E (Taking datum through A)

P Vi _Pe  VE
St ot thy =4 iy



2
0+0+10+hy = 0+ +80 + 184.15

hm =398.4m

Applying Bernoulli’s equation between B and C

Pg | V§ Pc | V¢
=+ =24+Zg+h,=—+-"-+7
y ‘29 TBTTP Ty Tag 7€
Ve=Vc, Zg =17

P¢ — Pg = yh, =9810x398.4 = 3908304 Pa = 3908.304 Kpa
Gauge pressure to be supplied by the pump = 3908.304 Kpa

20. The head extracted by turbine CR in the fig. is 60m and the pressure at T is 505 KN/m®. For losses of
2V22/2g between W and R and 3V12/2g between C and T, determine (a) how much water is flowing and
(b) the pressure head at R. Draw the energy gradient line and hydraulic gradient line.

7 _Elv.75m 30cm dia

Solution:

Diameter of pipe TC (d;) = 30cm = 0.3m

C/S Area of pipe TC (A;) = 2360.32 =0.0707 m*
Diameter of pipe RW (d,) = 60cm = 0.6m

C/S Area of pipe RW (A,) = %xO.62 =0.2827m’
Pressure at T (P;) = 505 KPa

Velocity at T (Vy) =V,

hLrc = 3Vi°/2g

hLrw = 2V22/2g

h;=60m

Datum head at T (Zy) = 75m

Datum head at R (Zz) = 30m

Datum head at W (Zy) = 45m

Pressure at W (Pyw) =0
Velocity at W (Vy) =0

Flow rate (Q) =?

Pressure head at R (PR /y) =?

a) Applying Bernoulli’s equation at T and W

W
V2

~

Iv.30m \
R 60cm dia

Elv.45m



Pr V¢ Pw Vi
—+—=+4+2Zy —hy =—+ "=+ Zy + Total head loss
Y 29 Y 29

505000 V¢ e 3vi | 2vF
9810 +2g+75 60—0+0+45+2g+2g

V2 +Vi= 2107 (a)

Continuity equation

A Vi=AV,

0.0707 V; = 0.2827 V,

Vi=4V, (b)

Fromaandb

V,=3.52m/s

V,;=14.08 m/s

Q=A,; V,=0.0707x14.08 = 0.995 m°/s

b) Applying Bernoulli’s equation at R and W

Pr , V& _Pw | Y
St R+ Zy ="+ 2+ Zy + hlgw

Pp

2 2
PRy 4 30=0+0+45+22
Y 2g

29

2 2
PR _154% — 15 41352 _1563m
14 29 2g

Finding the elevation of EGL and HGL

2 2
EGLatT=-L 4L 4 7, =325900 1498 | 75 136.6m
y 29 9810 29
2
EGLat C = EGL at T- hlrc = 136.6 — 22228 _ 106.3m

EGLat R=EGLat C- heg = 106.3-60 = 46.3m

2
EGL at W = EGL at R — hlay = 46.3 — 222" _ 45m
2 2
HGLatT=EGL at T — 2 = 136.6 — 222 = 126.5m
29 2g
2 2
HGL at C = EGL at C — Z—; =106.3 — 2% _96.2m
2 2
HGLatR=EGL at R — 2 = 46.3 — 2% - 45.6m
2g 29

2
HGLatW:EGLatW—Z—‘Z=45—O:45m



126.5m

Elv.75m

Elv.45m

21. The figure below shows a pump P pumping 90 Ips of water from a tank.

(a) What will be the pressure at points B and C when the pump delivers 14.5KW of power to the flow?
Assume the losses in the system to be negligible.

(b) What will be the pressure at C when the loss in the in the inlet to the pump is negligible and between
the pump and the point C, a loss equal to 2 times the velocity head at B takes place.

o(cC
1.4m
T l&— 10 cm dia.
3m Water 16 cm dia.

l Reservoir

Pump




Solution:

Discharge (Q) = 90 Ips = 0.09 m*/s

Diameter of large pipe (dg) = 16cm =0.16m
Diameter of smaller pipe (d¢) = 10cm = 0.1m

(a) Power (P) = 14.5 KW = 14500W
Pressure at point B (Pg) = ?
Pressure at point C (P¢) = ?
Head supplied by the pump = h,
P =vyQh,
14500 = 9810x0.09xh,,
h, = 16.42m

Vao=0, P,=0 (atm. pr.)

Using continuity equation at Band C

_Q _ 009 _

Vg = 25~ To1e? 4.47m/s
_Q _ 009 _

Ve = yyhe _,:—0.12 =11.46m/s

Applying Bernoulli’s equation between A and B (taking B as datum)
Pay VA, g P8 V5, g
y 29 ATy T29 7B

Pg 4.472

0+0+3==2+
9810 2x9.81

Pg = 19440 Pa
Applying Bernoulli’s equation between A and C (taking B as datum)

+0

2 2
Pay Ay 2yt hy, =21+ 4 7,
14 2g y 2g

2
0+0+3+1642 = & 4 220

+ 4.4
9810 = 2x9.81
Pc.=81680 Pa

b) Loss between Aand B=0

4.47%
2x9.81

=2.04m

2
Loss between B and C = 2 Z—’; =2

Total loss of head (h,) =2.04m
Pressure at point C (P¢) =?
Applying Bernoulli’s equation between A and C (taking B as datum)

Pa Vi _Pc V¢
At St Zythy = e Lo+ hy

Pc 11.462
+
9810 = 2x9.81

0+0+3+1642=
P.=61668 Pa

+ 4.4+ 2.04




22. The figure below shows a pipe connecting a reservoir to a turbine which discharges water to the
tailrace through another pipe. The head loss between the reservoir and the turbine is 8 times kinetic
head in the pipe and that from the turbine to tailrace is 0.4 times the kinetic head in the pipe. The rate
of flow is 1.36m>/s and the pipe diameter in both cases is 1m. Determine (a) the pressure at inlet and
exit of turbine, and (b) the power generated by the turbine.

1m dia
50m
Turbine
— 1m dia 5m
4 | v

Solution:
Diameter of pipe 1-2 and 3-4 (d) = 1m
Discharge (Q) = 1.36m>/s

As d is same, velocity (V) is also same for pipe 1-2 and 3-4.
1.36

_Q -
V= = §12 =1.73 m/s
. . v? 1.732
Head loss between reservoir and turbine (h,,)=8—=8 =1.22m
2g 2x9.81
. . v? 1.732
Head loss between turbine and tailrace (h,)= 0.4 — = 0.4 =0.06m
2g 2x9.81

Total loss of head (h,) =1.22+0.06 = 1.28m
P,=0,P,=0,V,=0,V,=0

(a) Pressureat2 (P,) =7

Pressure at 3 (P3) =?

Applying Bernoulli’s equation between 1 and 2 (taking datum through 2)

PV} P,  VF

-+ =+Z;=—=+=4+Z,+h
y T2g 1 29 2 La
P, 1.732

0+0+50= +——+0+ 122
9810 = 2x9.81

P, =477035 Pa

Applying Bernoulli’s equation between 3 and 4 (taking datum through 4)



Py V§ _ P VE
St Zy =k b 2+ hyy

2
P 173 50404 0+0.06
9810 2x9.81

P, = -49958 Pa

b) Power generated by the turbine (P) =?
Head extracted by turbine = h;
Applying Bernoulli’s equation between 2 and 3 (taking datum through 2)

P. Vi P V2

24+ 247, —hr==2+24+7;

Yy 2g Yy 29

477035 1.732 —49958 1.732
9810y = 2x9.81 9810 2x9.81
hT =53.7m

P = yQh, = 9810x1.36x53.7 = 711176W = 711.176KW

A 2.5m long pipeline tapers uniformly from 10cm diameter to 20cm diameter at its upper end. The pipe
centerline slopes upwards at an angle of 30° to the horizontal and the flow direction is from smaller to
bigger cross-section. If the pressure at lower and upper ends of the pipe are 2bar and 2.4bar
respectively, determine the flow rate and the pressure at the mid-length of the pipeline. Assume no
energy losses.

Solution:

Solution:
Diameter of pipe at sectionl (d;) = 10cm = 0.1m
s

C/S Area of pipe at sectionl (A) = " x0.1% = 0.00785 m?

Diameter of pipe at section2 (d,) = 20cm =0.2m

C/S Area of pipe at section2 (A,) = %XO.ZZ =0.0314 m?
Pressure at section 1 (P;) =2 bar = 2x10° N/m?
Pressure at section 2 (P,) = 2.4bar =2.4x10° N/m?
Discharge (Q) =7



Pressure at mid length (P3) =?

Taking datum head at section 1 (Z,) =0
Z,=2.55in30=1.25m
Z5=1.25Sin30=0.625m

a. From continuity equation
A Vi=AV,
%xoazm;:%xozzn
Vi=4V,

Applying Bernoulli’s equation at section 1 and 2

P, VE P,  V?
2 Ll4Z=24247
y 29 YTy T2g 72

2x10% | (4V;)?2 _ 24x10°  V§
9810 + 29 +0= 9810 t 29 +1.25
V, =2.64m/s

V, =4x2.64 =10.56m/s
Q=A,; V; =0.00785x10.56 = 0.083 m*/s

b. At mid length d; = 15cm = 0.15m
C/S Area of pipe at section3 (A;) = %xO.lS2 =0.01767 m?

V3 =Q/A;=0.083/0.01767 = 4.7m/s

Applying Bernoulli’s equation at section 1 and 2
DUz =B By g,
Yy 29 Yy 29

2x10° 10.562+0_ Py +4.72
9810 29 T 9810 ' 2g

P; = 238581N/m’ = 238.581 Kpa

+ 0.625



