Sheet (1)

1- Calculate the specific weight, density and specific gravity of one litre of a liquid which weighs 7N.

Given :
WVolume = | litre = ﬁmE' (or J1 litre = 1000 cm?
Weight=7THN
Solution:
. . B _ weight _ TN _
(i)Specific weight (w) = votume | L3 = 7000 N/m3. Ans.
(ii) Density (p) = f = % kg/m® = 713.5 kg/m3. Ans.
. . . — density of ligquid — 7000 . — 3
(in) Specific gravity density of water 000 ( Density of water = 1000 kg/m?)
=0.7135 Ans.

2- Calculate the density, specific weight and weight of one litre of petrol of specific gravity = 0.7
m® = 0.001 m3

WVolume = litre = x 1000 cm?= mc:lu
10
Sp.gravity 5,=07
(i) Density (p) =S x 1000 kg/m® = 0.7 x 1000
= 700 kg/m3
(i) Specific weight {w)
w=pxg=T700x981Nm?

— 6867 N/m?. Ans.
(iii) Weight (W)
We know that fic weight = “2Mt W eae7
e KMNow . SFPEBL':l |CWE|Q volume _D.ﬂﬂl ar

W =6867 X 0.001 = 6.867 N. Ans.

3- A plate 0.025 mm distant from a fixed plate, moves at 60 cm/s and requires a force of 2 N per unit
areai.e., 2 N/m?to maintain this speed. Determine the fluid viscosity between the plates.

.

FIXED PLATE



Distance between plates, dy =.025 mm i

'
' -
S oy=_@Smm === -u=60cmis
Velocity of upper plate, u=60cm/s=06m/s $ " /; Jgs
Force on upper plate, F=20Nm? FIXED PLATE

This is the value of shear stress ie, t

Solution:
Let the fluid viscosity between the plates is y,

we knowthat, tT=u 5

where, du = change of velocity
dy = change of distance = 0.025 x 10° m

= force per unit area = 2.0 N/m?

0.60

20=p—-——
0.025+ 10—3

2.0x 0.025 x 1072

p= = 8.33 x 10° Ns/m?
0.60

=8.33x 10° x 10 poise
p=8.33 x 10*poise

4- Calculate the dynamic viscosity of an oil, which is used for lubrication between a square plate of
size 0.8 m x 0.8 m and an inclined plane with angle of inclination 30° as shown in Fig. The weight
of the square plate is 300 N and it slides down the inclined plane with a uniform velocity of 0.3
m/s. The thickness of oil film is 1.5 mm.




Given:

Area of plate, A=08x08=0.64m 4«5“@ o™
Angle of plane, 8 =30°
Weight of plate, W=300M
Welocity of plate, u=03m's
Thickness of oil film, ¢=dy=1.5mm /
=15x103m
Solution:

Let the viscosity of fluid between plate and inclined plans is p.
Component of weight W, along the plane = Wcos 60° = 300 cos 60° = 150 N
Thus the shear force, F, on the bottom surface of the plate = 150 N

shear stress, = Fo2 _ 450/ 0.64 N/m2
Area

Now using equation, we have
T=u (du/dy)
where du = change of velocity =u-0=u =03 m/s
dy=t=15x10"m
150/0 64 = p(D3/1565x10%)
H=(150x1.5x103) /064 x 0.3
H=17T Ns/m?=1.17 x 10

p =117 poise Ans

5- Find the viscosity of oil in poise and pa.s. if the plate (0.6mx0.6m) as shown in figure slides down
the plane with a velocity of 5 cm/sec. find the kinematic viscosity in Stokes and m?sec. If the
specific gravity is 0.8.

Oil film{0.2mm)
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197 0.23 STokes.

6- A thin flat plate (40cmx40cm) is pulled horizontally at 3m/sec between two parallel plates, one
stationary and the other moving at a velocity of 0.5m/sec. Determine the force and the power
required to maintain the plate in motion. Sketch the velocity profile (uoil=2.7 poise).

Fixed wall
- ]
h1=,1:nm v=3 m/s
——— F
h2=1.5Smm jl
vw=0.‘5 m/s

Moving wall
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7- Two large plane surfaces are 2.4 cm apart. The space between the surfaces is filled with glycerin.

What force is required to drag a very thin plate of surface area 0.5 square meter between the two
large plane surfaces at a speed of 0.6 m/s, if:

(i) The thin plate is in the middle of the two plane surfaces, and

(if) The thin plate is at a distance of 0.8 cm from one of the plane surfaces? Take the dynamic
viscosity of glycerin =8.10 x 101 N s/m?2.

I I 'y A
1.2cm
4 1.6 cm
2.4 cm 'Y - F 2.4 cm
v
1.2 cm = e o
+ ) . 0.8'cm

Case | Case Il



Distance between two large surfaces = 2.4 cm
Area of thin plate,A = 0.5 m?

Velocity of thin plate, u= 0.6 m/s

Viscosity of glycerine, p=8.10 X 107" N s/m?

Solution:
Case I: When the thin plate is in the middle of the two plane surfaces [Refer to Fig ]

Let  Fy=Shear force on the upper side of the thin plate Fig. 1.7 (a)
Fz = Shear force on the lower side of the thin plate

F = Total force required to drag the plate

Then, F=F1+F:
i i
1.2 ¢m
T
1.2 ¢cm
L Y

The shear stress (t.) on the upper side of the thin plate is given by equation.
T=p [3—: h
where, du= Relative velocity between thin plate and upper large plane surface
= 0.6 m/sec
dy = Distance between thin plate and upper large plane surface
= 1.2 cm = 0.012 m (plate is a thin one and hence thickness of plate is neglected)

0012

w=8.10x 10-1 x ( ) = 40.5 Nim?

Mow , shearforce, Fi= shear stress x Area
=ux A =405x05= 2025N
Fi=20.25N
Similarly shear stress (1) on the lower side of the thin plate is given by

du
T=pu [5}2



©=810x 10-1 x(%)=40.5 N/m?

Now , shear force, F2= shear stress (x2) x Area
=x A =405x05= 2025N
F,=20.25N
Then , Total force F=Fi+F.=2025+2025
F=405N
Case II. When the thin plate is at a distance of 0.8 cm from one of the plane surfaces [Refer to Fig]

Let the thin plate is at a distance 0.8 cm from the lower plane surface.

A A
1.6cm
24cm
:— - F
0.8 cm
¥

Then distance of the plate from the upper plane surface,
24cm-08 =16cm =.016m
(Neglecting thickness of the plate)
The shear force on the upper side of the thin plate,
F1 = Shear stress (1) x Area = T1 x A

0.6
0.016

=u(:—:)1xA = 810x 107 x(—=)x05

Fi=15.18 N
The shear force on the lower side of the thin plate,
F2 = Shear stress (tz) x Area = 2 x A

0.6
0.8/100

:#(:—:)2XA 8.10x 10" x ( )x0.5

F2=30.36 N

Total force required, F=Fi+F2=15.18+30.36 F=4554N



8- A plate 0.5mm thick is moving vertically downward under its own weight between two parallel
plates filled with oil in between. The plate area is 1m2. The oil has viscosity of 0.15kg/m.sec. The
plates moves with uniform velocity of 0.4 m/sec. at equal distances from each of the fixed plates.
The fixed plates are 2.5mm apart. Evaluate the weight of the plate.
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9- The dynamic viscosity of an oil, used for lubrication between a shaft and sleeve is 6 poise. The
shaft is of diameter 0.4 m and rotates at 190 r.p.m. Calculate the power lost in the Bearing for a
sleeve length of 90 mm. The thickness of the oil film is 1.5 mm.

Viscosity it = 6 poise
S Ns oo Ns
10 m? m’
Dia. of shaft, D=04m
Speed of shaft, N=19rp.m
Sleeve length, L=9mm=90x10"m
Thickness of oil film, t=1S5mm=15%10"m

Tangential velocity of shaft, u = n(l:)N W ERUA I 3.98 m/s
- : du
Using the relation T=l —
dy

where  du = Change of velocity = u = 0 = u = 3.98 m/s
dy = Change of distance == 1.5x 10 m
t= 10X —oo = 1592 Nim®
15x10

This is shear stress on shaft
Shear force on the shaft, F = Shear stress X Area

=152 XRDXxL=1592Xxxx.4x9

0

-
-

Torque on the shaft, T = Force x ? = 180.05 x

2 ZxNT_ 2x x 190 x 36.01
60 60

*Power lost

1.5mm

i
04m

S Nl e
EVE

SLE

10" = 180.05 N

A =36.01 Nm

= 71648 W



10- What is the torque and the power required for the shaft shown in figure to rotate at a speed of 500
rpm (oil grade, kinematic viscosity = 3.2St. and p=760 kg/m?®)
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11- The viscosity of a fluid is to be measured by an viscometer constructed of two 75-cm-long
concentric cylinders. The outer diameter of the inner cylinder is 15 cm, and the gap between the
two cylinders is 1 mm. The inner cylinder is rotated at 300 rpm, and the torque is measured to be
0.8 N-m. Determine the viscosity of the fluid.

Stationary
cylinder

Fluid

Given

Length of the concentric cylinders, L=75 cm
Gap between two concentric cylinders =1 mm
The frequency of inner cylinder = 300 rpm
Torque acting = = 0.8 N.m

Outer diameter of the inner cylinder=15 cm

The Area is given by

A = wdL
=2 Q.15 > 0.75
= 0.35 m?

The velocity of the layer is layer is given by
wdN

60
ow x 0.15 x 300
o 60
= 2.356 m/s

Force acting by one layer of the fluid to other is given by F

.

0.353 x 2.356
10.T = p 0.001

po=10.013 kg/m.s

Hence the viscosity of the fluid is ## = 0.013 kg/m.s



12- If the velocity distribution in a circular pipe of radius Ris given by u= Umax (1-1r2 /R2) where
r is the radial distance from center and Umax is the maximum flow velocity at the center,
find the drag force on a section of pipe 15m long , 0.16m diameter. Use Unax=3m/s and p=

7 — E
max _ﬁz

0.001kg/m. s.. Sketch the velocity distribution.

Solution

a)
The shear stress at the surface of the pipe (at r = R) is given by:

u
T= = (Negative sign is because u decresed with r increased)

T

d o _
T=—uX e Wipang by d— Rz (But, u,ax is constant) —
_ d S U 2% ' _
T = —Pllgpas X e 1i— rRZ)= — W05 X (0 = F) (because R is constant)
2T . 2 W

> T= % (at the surface of the pipe > r=R) »> Tt = %

Note: Always we calculate the shear stress at the fixed surface (like pipe
surface in the above problem) because it gives maximum shear stress.
The drag force that causes shear stress on the pipe surface is:

ZF=O.O—>FD=TXA

21U .
(A = side area of tube = 2nRL) — Fp = % X 2mRL

— Fp = 4mLpuax v
b)
Fp = 4mLpu,,.x = Fp = 4m X 15 X 0.001 X 3 = 0.565 NV'.



13- A sliding fit cylindrical body of 1 kg mass drops vertically down at a constant velocity 5 cm/sec.
Estimate the viscosity of the oil.

e =

«14.9 cm-

g ; . : ! 15 Cms
Bl B
|8 L »} = | % g, Y
G = 7)2!,__93//\/
— 2R i 54
> — = Sxi16%
A = 5r D/
’q L =T g ."o.,/(‘/oli(o-x’o}
_— O SLEg! )7/'2
.t ,(., it > _d:{._/_ 3 ~
o’u 47 - ’,Z?A

P = _(9-81)( 5xs07%)

("-oaég.;) 7 ':.2.0_96 POS

) — 20.496 Foise

14- A layer of water flows down an inclined fixed surface with the velocity profile given in figure.
Determine the magnitude and the direction of the shear stress that water exerts on the fixed

surface for U=2m/s, h=0.1m,y=1.12%x10"% m?/s.

) 12
2 h h?

Solution
The shear stress at the fixed surface (at y = 0.0) is given by:

u
T =+ E — (Positive sign is because u incresed with y increased)

y y?

h h?

u ¥ ¥
6=ZE_F_)UZU 2 (But,U =2m/s and h = 0.1m) —



2

2y y .

du du
E = 40 — 400y (But, at the fixed surface y = 0.0) — d_y = 40

—

- T1=112X10"° X 40 = 44.8 X 107°N/m* /.

15- A Newtonian fluid (S.G. = 0.9) and (v = 4 Stokes) flows past a flat plate. Determine the magnitude
and direction of wall shear stress if U =1 m/s and & = 10 mm. What is the shear stress at y=50.

Y _cin (™Y
U—sm(“)

il

a

Yy

16- For the flow given, find the shear stress at the wall and centerline, when Unax= 4 m/s, R=10 cm and

u=15Pas | \; ’/
(A |
v

“I‘I’I dax

1%

up = U [l _{ﬁ: ::]



[6] u=u.(1-52) ~ o sens

Uy, = 4 mys K’:olm 7=

17-When a 2-mm-diameter tube is inserted into aliquid in an open tank, the liquid is observed to rise
10 mm above the free surface of the liquid. The contact angle between the liquid and the tube is
zero, and the specific weight of the liquid is 1.2x10* N/m3. Determine the value of the surface
tension for this liquid.
Start from the formula for the height of the liquid climb, caused by the
capillary action:

20‘ cosf
o AR

Where @ is the angle of contact between the tube, and the fluid. Next,
express ¢ from the previous formula:

_~vhR
2cosd
- 210~* m
_ (12:10455) (1010 m). (20m)
2 cos(0)
-0 =0.060 )
m

18-The pressure outside the droplet of water of diameter 0.04 mm is 10.32
N/cm? (atmospheric pressure). Calculate the pressure within the droplet if surface
tension is given as 0.0725 N/m of water.

Dia. of droplet, d=004dmm=04x10"m
Pressure outside the droplet = 10.32 N/em® = 10.32 x 10* N/m®
Surface tension, ¢ =0.0725 N/m
The pressure inside the droplet, in excess of outside pressure is given by equation
p=30 300722 _ 3550 Nim? = T20N. 0725 Niem?
d 04 x 10 10" em

*. Pressure inside the droplet = p + Pressure outside the droplet
=0.725 + 10.32 = 11.045 N/em®



19- Calculate the capillary rise in a glass tube of 2.5 mm diameter when immersed vertically
in (a) water and (b) mercury. Take surface tension is 0.0725 N/m for water and 0.52
N/m for mercury in contact with air. The specific gravity for mercury is given as 13.6 and

angle of contact is 130°.

Dia. of tube, d=25mm=25x10"m
Surface tenstion, o for water  ="0.0725 N/m
o for mercury =0.52 N/m
Sp. gr. of mercury =136
5 Density = 13.6 x 1000 kg/m’.
(@) Capillary rise for water (8 = 0)
Using equation e, 40072
pxXgxd 1000x981x25x107"

=.0118m=L18 em.

(b) For mercury
Angle of constant between mercury and glass tube, 8 = 130°

; > 40 cosB 4 x0.52 x cos 130°
Using equation h= = . 4
pxgxd 136x1000x981x25x10
=-0dm=~-04cm.

The negative sign indicates the capillary depression.

20- 13.Find out the minimum size of glass tube that can be used to measure water level if
the capillary rise in the tube is to be restricted to 2 mm. Consider surface tension of

water in contact with air as 0.073575 N/m.

Capillary rise, h=20mm=20x10"m
Surface tension, o =0.073575 N/m
Let dia. of tube =d
The angle 6 for water =0
The density for water, p = 1000 kg/m’
Using equation
he 39 r20x10" s _$X0073575
pxgxd 1000981 xd
4 x 0073575
d= =0.015m= LS cm.

1000 x981x2x10”?
Thus minimum diameter of the tube should be 1.5.cm.



