L[ BOOK NUMERICALS:

Numerical 1.
Two spherical raindrops of equal size are falling through air at a velocity of 0.08 m/s. If the
drops join together forming a large spherical drop, what will be the new terminal velocity?

Data.

ve=008mis PROF:IMRAN HASHMI

vr=7?

Solution.

We know that

_ 2r’pg
Also
o 2R’pg
By dividing
vT_RZ
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2
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When two similar spheres combine together to form a single large sphere, then.

V1+V2=V
4 4 4
§nr3+§nr3= §1tR3
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Now equation (1).

vr_ (R

V¢ - r

vr 1]2

=1(2)3
0.08 [( )

2
vy = 0.08 (2)3
vy = 0.08 (1.587)

vy =0.126 =0.13 m/s

Numerical 2.
Calculate the viscous drag on a drop of oil of 0.1 mm radius falling through air at this terminal
velocity. (Viscosity of air = 1.8x10 Pa. s; density of oil = 850 kg/m3)

Data.

r=0.1mm=0.1x103m
n=1.8x10°Pa.s

p =850 kg / m?

Fqg=7

Vt:?

Solution.

For “vt’.
We know that

2r’pg
M

Ve =

2(0.1x1073)%(850)(9.8)
9(1.8 x 1075)

vt=



2(1x1078)(850)(9.8)
1.62 x 104

‘Dt=

1.66x107*
1.62x10*

vt=

v, = 1.024m/s

For “F4”.
By Stoke's law
Fs=6mTnrv,

F;=6(3.142)(1.8 x 107°)(0.1 x 1073)(1.024)
F;=3.48x10"8N

Numerical 3.
What area must a heating duct have if air moving 3.0 m/s along it can replenish the air
every 15 minutes in a room of volume 300 m3. Assume air density remains constant.

Data.

A=7?

v=3.0m/sec

t = 15 minutes = 15 x 60 = 900 sec
V =300 m?

SOLUTION.
By the rate of volume of fluid.



Numerical 4.

Water circulates throughout a house in a hot-water heating system. If the water is pumped
at a speed of 0.50 m/s through a 4.0 cm diameter pipe in the basement under a pressure of
3.0 atm, what will be the flow speed and pressure in a 2.6 cm diameter pipe on the second
floor 5.0 m above? Assume the pipes do not divide into branches.

Data.

vi=0.50 m/s

di=4.0cm =0.04 m
ri=di1/2=0.04/2=0.02m

P; =3.0 atm = 3.0 (1.01 x 10°) = 3.03 x 10° Pa
Vo =7

d2=2.6cm =0.026 m
ro=d2/2=0.026/2=0.013m

h=50m

Solution.

For “v2”.
By the equation of continuity.

Avy = Ayv,

_ (0.02)%(0.5)
V2= 70.013)2

_ (4x107%)(0.5)
V2= 71 69x10-*

. 2x 1074
" 1.69x 1074

L]

m
v,=1.18=1.2 —
S



For “P,”.
By the Bernoulli's equation.
1
2

1
(Py —P))=5pv; —5pvi+tpgha—pgh

P, —P, =~ vz—1 vi+pgh
1 2 ZPz 2P1 Pg

P, —P,= L ‘+gh
1 z—P(sz 2”1 g h)

1 1
3.03x10°> — P, = 1000 [E (0.12)% — E(O' 5)2 + 9.8(5)]

1 1
3.03 x 105 — P, = 1000 [E (0.0144) — - (0.25) + 49]

3.03x10° — P, =1000[7.2x1073 - 0.125 + 49]
3.03x10° — P, = 1000 (48.9)
3.03x10°> — P, = 4.89 x 10*

P, =3.03 x10° — 4.89 x 10*

P, = 2.541 x 10° Pa

In atm.
_ 2.541x 10°

P, =
27 1.01x105

P, =2.51 atm

PROF:IMRAN HASHMI




Numerical 5.
What is the volume rate of flow of water from a 1.85 cm diameter faucet if the
pressure head is 12 m?

o PROF:IMRAN HASHMI

Vit=? !
d=1.85cm =0.0185m
r=d/2=0.0185/2=9.25x103m
h=12m

SOLUTION.
By the volume rate of flow of fluid.

—=Av———--—-()

For “A”.
A=mr?
A=3.142 (9.25 x 1073)2

A=2.69x10"*m?
For “v”.
By the energy transformation.

K.E=P.E
1

v =,/2(9.8) (12)

m
v=15.33 —
S
Now equation (1).

4
—=(2.69x107*)(15.33)

174 m3
—=4.13x103—
t S



Numerical 6.

The stream of water emerges from a faucet 'neck down' as it falls. The cross-sectional area
is 1.2 cm2 and 0.35 cm?. The two levels are separated by a vertical distance of 45 mm as
shown in the figure. At what rate does water flow from the tap?

Data.

A1=1.2cm?
A2=0.35cm?
h=45mm =4.5cm
Vit=?

Solution.

By the volume rate of flow of fluid.

V
—=Av
t
vV
=M v————(1)
t
For “v”.
By using the formula.
_ |[2ghA;
Al - A3

2 (980) (4.5) (0.35)2
(1.2)2 — (0.35)2

_ [2(980) (4.5) (0.1225)
V= T (1.44) — (0.1225)

v =+v820.07

cm
v =128.63 —
s



Now equation (1).

v A
—_ = v
t 2

4
- = (1.2)(28.63)

Numerical 7.

Water leaves the jet of a horizontal hose at 10 m/s. If the velocity of water within the hose is
0.40 m/s, calculate the pressure within the hose. The density of water is 1000 kg/m2 and the
atmospheric pressure is 100000 Pa.

Data.

vi=10m/s
v2=040m/s
Po="7

p =1000 kg / m3
P. = 100000 Pa

Solution.

By the Bernoulli’s equation.

i ., 1 ,
(P —P2)=Epv2 - EP”1+P.ghz— pghy
Also
1 1
(Py —P3) —EPV§ EP”%

1
(P, —Py) =3P (w3 — v)

(100000 — P,) = %1000 [(0.4)% - (10)?]

(100000 — P,) = 500 [0.16 - 100]



(100000 — P,) = 500 [-99.84]

(100000 — P,) = —49920

P, =100000 + 49920

P, =1.49x10° Pa=1.5x10° Pa

Numerical 8.

What is the maximum weight of an aircraft with a wing area of 50 m2 flying horizontally, is
the velocity of the air over the upper surface of the wing is 150 m/s and that the lower
surface 140 m/s? The density of air is 1.29 kg/m3

Data.
W=7
A =50 m2
vi=150m/s
v2=140m/s
p=1.29kg/m?
Solution.
By the Bernoulli’s equation.
1 2 1 2
Py =Py =5pv; - EP”1__——(1)

We know that.

p— F

A

F=PA

or
W= AP A

W=(P,—P)A

From equation (1)

1 ., 1 5
WZ(EPVZ - EP”1)A

1
w=> (1.29) (150% —1402%) 50



1
W =2 (1.29) (22500 — 19600) 50

1
W = - (1.29) (2900) 50

1
W = > (187050)

W =93525N = 9.35x10* N

Numerical 9.-
A liquid flows through a pipe with a diameter of 0.50 m at a speed of 4.20 m/s. What is the
rate of flow in L/min?

DATA.

d=050m
r=d/2=050/2=0.25m
v=420m/s
V/it=?

SOLUTION.

By the rate of volume of fluid.

~ | <

= Av

=Tr

Where A = 11 r?

~ | <

1%
- = (3.142)(0.25)? (4.20)

|74

— = (3.142)(0.0625)(4.20)
4 m?
t S



But 1m?3 = 1000 litre
And 1s = 1/60 minutes

V
ri 0.8247 x 1000 x 60

litre

|4
— =49486.5 = 49500 ——
t minute

Numerical 10.
Calculate the average speed of blood flow in the major arteries of the body, which have a
total cross-sectional area of about 2.1 cm?. Use the data of an example.

Data.
Aareries = A2 = 2.1cm2

raorta = rl = 12 cm

Vaorta =V1=40cm/s PROF:IMRAN HASHMI

Varteries = V2 = 7?

SOLUTION.
By equation of continuity.
Ajvi =47,

Aq vy
Vy, =
A,
nriv,
’[) =
2 4,

(3.142)(1.2)? (40)
V2 = 2.1

(3.142)(1.44) (40)
V2 = 2.1




WORKED EXAMPLES

Worked example 7.1

Q) Calculate the terminal velocity of a raindrop of radius 0.2cm. (Density of water
1000kg/m?® and that of air 1kg/mq)

DATA:

r=0.2cm = 0.002m

Density of water = p = 1000kg/m?

Density of air = ¢ = 1kg/m?®

Coefficient of viscosity =n =103 Pa. s

Terminal velocity = vy =?

SOLUTION:

The terminal velocity of the raindrop is

2gr?(p — o)
= on
2x9.8x0.002% x (1000 — 1)

Ve 9 x 103

v =8.7m/s

Vi

Worked example 7.2

The volume rate of an air conditioning system to be 3.84 x 10~3m3 /s and sent through
an insulated, round conduit with a diameter of 18 cm. This calculation assumed laminar
flow. (a) Was this a good assumption? (b) At what velocity would the flow become
turbulent?

DATA:
Volume rate=Q = 3.84 x 103m3/s

Diameter = D = 18cm
r=D/2=9cm =0.09m
nofair=1.8x 107> Pa.s
Density of air = p = 1.23kg/m®
SOLUTION:

The volume rate is



Q=mnr?v
Q
Tt r?

3.84 x 1073
~3.14 x 0. 092

vV =

\% = 0.15m/s

Reynolds number is
_ 2pvr
© o
2x1.23x%x0.15x%x0.09
e 1.8 x 1075

Since the Reynolds number is 1835 < 2000 the flow is laminar and not turbulent. The
assumption that the flow was laminar is valid.

= 1845

To find the maximum speed of the air to keep the flow laminar, consider the Reynolds
number

R. <2000
2pvr
— <2000
n

2000 x 1.8 x 1073
v <
2x1.23 x0.09

= 0.16m/s

Significance:

When transferring a fluid from one point to another, it is desirable to limit turbulence.
Turbulence results in wasted energy, as some of the energy intended to move the fluid is
dissipated when eddies are formed. In this case, the air conditioning system will become
less efficient once the velocity exceeds 0.16m / s since this is the point at which turbulence
will begin to occur.

Worked example 7.3

The radius of the aorta is about 1.2 cm, and the blood passing through it has a speed of
about 40 cm/s. A typical capillary has a radius of about 4 x 10~*cm, and blood flows
through it at a speed of about 5 x 10~>m/s. Estimate the number of capillaries that
are in the body.

DATA:

The radius of the aorta = r; = 1.2cm = 0.012m

The velocity of the blood in the aorta = vi = 40cm/s = 0.4m/s
The radius of capillary=r.=4 x 10"*cm =4 x 10 ®m
The velocity of the blood in capillary =v> =5 x 10~*m/s
Number of capillaries = N =?

SOLUTION:

According to the equation of continuity



A1V1 = A2V2 (Al =Tt l‘lz,AZ =7nN I‘ZZ)
nri?2 vy = nNr2%v,
I‘12 Ve = N r22 Vo

l‘12 Vi

12,
N = 0.012%x 0.4
(4x107%)2x5x 104
Worked example 7.4

=7.2x10°

Water leaves the jet of a horizontal hose at 10m /s if the velocity of water within the
hose is 0.4 m/s, calculate the pressure P within the hose. (The density of water is
1000kg/m?® and atmospheric pressure is 100000 Pa).

Data:
vi=10m/s

v2=0.4m/s

P =100000 Pa
Py =?

P = 1000kg/m*
Solution:

According to Bernoulli’s equation

1 2 1 2
P1 +EPV1 = PZ +EpV2

1 1
100000 + > X 1000 x 102 = P, + 5 x 1000 X 0. 42

150000 = P, + 80
P, = 150000 — 80 = 1.49 x 10° Pa
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