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TOPICS

|. Hydrostatic forces on surfaces

Il. Fluid dynamics problems

I1l. Continuity equation problems



True or false?

1. When a surface is submerged in a fluid, forces develop on the
surface due to the fluid (T)

The force must be perpendicular to the surface (T)
Fluid is compressible (F)

The hydrostatic pressure is constant at the bottom of the tank

A

The hydrostatic force refers to the amount of force that is exerted
by a fluid (T)

6. F=p/A (F)



Equal volume of two liquids of densities p1 and p2 are poured into two
identical cuboidal beakers. The hydrostatic forces on the respective
vertical face of the beakers are F1 and F2 respectively. If p1 > p2, which
one will be the correct relation between F1 and F2?

a) F1>F2
b) F1 > F2
c) F1<F2
d) F1<F2



True or false?

* For a horizontal surface, such as the bottom of a liquid-filled tank, the
magnitude of the resultant force is simply F; = pxA where p is the
uniform pressure on the bottom and A is the area of the bottom






True or false?

The thrust force acting on a surface submerged in a liquid can be calculated
as

F=p,xA =pxgxh, xA
pa = average pressure on the surface (Pa)
A = area of submerged surface (m2)

h, = average depth (m)






* How much is the hydrostatic pressure exerted by water at the
bottom of a beaker? Take the depth of water as 45 cm. (density of
water 103kgm™3).

A) 2450 Pa
B) 3780 Pa
C) 4410 Pa
D) 5580 Pa



Height=45cm=0.45m
gravity=9.8ms
Density=1000kgm™3
Pressure=hg

* =0.45x9.8x1000Pa=4410Pa.



* Answer: A

* Hydrostatic force per unit width on a vertical side of a beaker=1/2 *
pgh?, where p = density of the liquid and h= height of liquid column.
Thus if p1 >p2, F1 >F2 and F1 # F2, when the h is constant



Which of the following is the correct relation between centroid (G) and
the centre of pressure (P) of a plane submerged in a liquid?

a) G is always below P
b) P is always below G
c) G is either at P or below it.
d) P is either at G or below it.



e Answer: d



A cubic tank is completely filled with water. What will be the ratio of
the hydrostatic force exerted on the base and on any one of the vertical
sides?

a) 1:1
b) 2:1
c) 1:2
d) 3:2



e Answer: b

* Hydrostatic force per unit width on a vertical side of a
beaker F.=1/,*pgh’

Hydrostatic force per unit width on the base of the beaker

F, = pgh * h = pgh?

Thus, Fb:Fv=2:1



Consider the three differently shaped containers, as shown. Each container is filled with water to a depth of 10
m.

In which container is the pressure the greatest at the bottom?

A B C

A) Container C
B) Container A

C) It cannot be determined without knowing the volume
of water in each container.

D) Each container has the same pressure at the bottom

E) Container B



D) Each container has the same pressure at the bottom

* In this question, we're told that three containers of different shapes are
filled with water. We're also told that each container has the same depth of
water.

* To find the pressure at the bottom of any of the containers, we'll need to
remember the equation for pressure.

* Also, since each container is filled with water, the density of the fluid in
each container is identical. Moreover, the depth we are considering for
each container is also the same. Therefore, the pressure at the bottom of
each container is exactly the same.



A ball with radius r=0.22m is submerged in syrup at a depth of 4m.
What is the total force from pressure acting on the ball?

A) 32 kN
B) 66 kN
C) 78 kN
D) 46 kN

3
Ps= 1370 kg/m

Patm =100 kPa



C)

The total pressure on the ball includes both hydrostatic and
atmospheric pressure: P,=P_  + P,

P.=p,Xxgxh

determine the force on the ball, we need it's surface area. For a sphere: A=4r’Tt

F= p X A



A U-shaped tube is filled with water, however the openings on either
ends have different cross-sectional areas of 5m? and 10m?Z. If a force of

100N is applied to the opening that is 5m? in area, how much force will
be exerted on the other end of the tube?

The following formula on pressure and area is used:

F1xAl=F2xA2

We substitute our known values and solve for
F2 to obtain the output force:

Therefore the correct answer is 50N of force.



True or false?

* This diagram shows the pressure intensity on a vertical surface that is

immersed in a static liquid and which has the same height, h, as the
depth of water.

Surface

lv Atmospheric

17 “~Z— pressure = 0

Gauge pressure

'

[}
L~

'}
L~

P = pgh



Answer: True



* If we want to obtain the absolute pressure measured relative to an
absolute vacuum, that is the total pressure exerted by both the water
and the atmosphere, we have to add atmospheric pressure, P,,, to
the gauge pressure. Thus the absolute pressure, P,g., is:



.*PJ’I.ES = pgh + Py Hf{mz



Oil with a weight density, wo, of 7850 N/m” is contained in a vertically sided, rectangular tank
which is 2.0m long and 1.0m wide. The depth of oil in the tank is 0.6 m.

(a) What is the gauge pressure on the bottom of the tank in N/m??
(b) What is the weight of the oil in the tank?



What is the average pressure intensity on the

dam?
OO0 « -
A\ . _

Figure 1.11 Pressure intensity on a
dam. G is the centroid of the wetted
area, P is the centre of pressure where
the resultant force acts

Consider the dam in Fig. 1.11. In this
case the pressure intensity diagram is
triangular, since the gauge pressure varies
from zero (atmospheric pressure) at the
surface to pgh at the bottom. The average
pressure intensity on the dam is theretore
(0 + pgh)/2 or pgh/2. This pressure occurs
at G, half way between the water surface
and the bottom of the dam.



A rectangular gate is 2m wide and 3 m high. It hangs vertically with its top edge 1 m below the
water surface. (a) Calculate the pressure at the bottom of the gate. (b) Calculate the

resultant hydrostatic force on the gate. (c) Determine the depth at which the resultant force

acts. (a) From equation (1.8), P = pgh

‘Therefore P = 1000 x 9.81 x (3+7)
=39.24x10°N/m?

g Water surface (b) From equation (1.11), F = pghcA

| SR A A
Tm | e Now hg = 1+(3/2)=2.50m
'I' - he | he A=2x3=6m’
Thus F=1000x9.81x2.50 x 6
=147.15x10°N
AV |
3m oo d___Y. (c) From equation (1.12)
i  he=(Is/Ahg)+he
-t > ~ where I; = LD*/12=2x3%/12=4.50m"*
: 2m ' A and hc are as above

so hp =(4.50/6 x 2.50)+ 2.50
=2.80m



True or false?

The hydrostatic pressure on the inclined surface is still caused only by the weight of
water above it, so P = pgh.






True or false?

Basically, the hvdrostatic equation states that the change in pressure intensity
between two levels of a homogeneous (uniform) liquid is proportional to the vertical
distance between them.

/ Atmospheric pressure(=0)
N

D o = — - = = -_—— -

Gauge pressure Datum level

Figure 1.34 Pressure intensity at two
points



Pressure at point 1, P, = pghy = pg(d — z)
Pressure at point 2, P» = pgh: = pg(d - z2)
The ditference in pressure between the two
points is (P; — P,) where:
(P—P)=pg(d—z,)— pg(d—z))
=pgld—z;—d+z,)
=pg(—z2+ )
(P, —P)=—-pg(z; — 7y)

Consider points 1 and 2 at some dis-
tance below the surface as in Fig. 1.34. This
time let us measure the depth of the points
trom the bottom (not from the surface) and
let these distances be denoted by z, and z..

Atmospheric pressure(=0)

pa
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Gauge pressure Datum level

Figure 1.34 Pressure intensity at two
points



A tank with vertical sides contains both oil and water. The oil has a depth of 1.5m and a rela-
tive density of 0.8. It floats on top of the water, with which it does not mix. The water has a
depth of 2.0m and a relative density of 1.0. The tank is 3.0m by 1.8 m in plan and open to the
atmosphere. Calculate (a) the total weight of the contents of the tank; (b) the pressure on the
base of the tank; (c) the variation of pressure intensity with depth; (d) the force on the side of

the tank.

(@) Wr=(pigh, + pgh;)A
Plan area A=3.0x 1.8 =54m’

Wr= (0.8 x 1000 x 9.81 x 1.5+ 1.0 x 1000 x 9.81 x 2.0)5.4
=(11772 + 19620)5.4=169517N

(b) Total pressure at base of tank = W;/A=169517/5.4 = 31392N/m’
(c) Pressure at the surface = atmospheric = 0

Pressure at the bottom of the oil = pjyghy = 11772 N/m?

Total pressure at the bottom of the tank = 31392N/m?



The pressure intensity diagram
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(a) (b)

(a) Tank containing a stratified liquid, and (b) the corre sponding pressure intensity diagram

= i Rt

(d) The side of the tank is 3.0m long. The force on the side of the tank can be obtained from
equation (1.2) by multiplying the area of the tank in contact with each of the liquids by the
average pressure intensity of the particular liquid.



Average pressure of the oil = (0 + 11772)/2 = 5886 N/m?*

Force due to the oil = 3.0 x 1.5 x 5886 = 26487 N

Average pressure of the water = (11772 + 31392)/2 = 21582N/m*
Force due to the water = 3.0 x 2.0 x 21582 = 129492N

Total force on the side = 26487 + 129492 = 155979N



PLANE VERTICAL SURFACE EXTENDING
TO WATER SURFACE

'.:::;;;E;;:-'-:;:-:;;::-:;:;:-:; I

I I

F= peh- A

hc = depth to centroid of vertical surface
A = area of vertical surface

Depth to centre of pressure, hp = (2/3)d




True or false?

The relationship between the area inside the pipe (the pipe's internal
diameter) and the velocity of the fluid is expressed in the equation of
continuity, written as v, X A; = v, X A,



If a liquid enters a pipe of diameter d with a velocity v, what
will it’s velocity at the exit if the diameter reduces to 0.5d7

a)v

b) 0.5v
c) 2v
d) 4v



Answer: d



The continuity equation is based on the principle of
a) conservation of mass

b) conservation of momentum

c) conservation of energy

d) conservation of force



Answer: 3



Two pipes, each of diameter d, converge to form a pipe of diameter D.
What should be the relation between d and D such that the flow

velocity in the third pipe becomes double of that in each of the two
pipes?

a)D=d
b) D =2d
c) D =3d

d) D=4d



Answer: 3

Av,+Av, = Av
d?v + d?v = D%v
D =d.



Two pipes, each of diameter d, converge to form a pipe of diameter D.
What should be the relation between d and D such that the ow velocity
in the third pipe becomes half of that in each of the two pipes?

a) D=d/2
b) D=d/3
c)D=d/4
d)D=d/5



* In a water supply system, water flows in from pipes 1 and 2 and goes
out from pipes 3 and 4 as shown. If all the pipes have the same
diameter, which of the following must be correct?

a) the sum of the flow velocities in 1 and 2 is equal to thatin 3 and 4
b) the sum of the flow velocities in 1 and 3 is equal to that in 2 and 4
c) the sum of the flow velocities in 1 and 4 is equal to thatin 2 and 3
d) the flow velocities in 1 and 2 is equal to that in 3 and 4



The continuity equation is only applicable to incompressible fluid.
a) True
b) False



The continuity equation is only applicable to incompressible as well as
compressible fluid.



Answer: 3

. A.lv1 +A,v, = Ajvs + Ay,
Sinced,; =d,=d;=d,, v; +v,=v;+Vv,.



For an incompressible flow, the mass continuity equation changes to

a) energy equation
b) momentum equation
c) volume continuity equation

d) remains same



Answer: C



Continuity equation is related to
a) Mass conservation

b) Energy conservation

c) Momentum conservation

d) Velocity change




Answer: 3



* A liquid flows through a pipe with a diameter of 10cm at a velocity of
9cm/s. If the diameter of the pipe then decreases to 6cm, what is the
new velocity of the liquid?

A) 21cm/s
B) 25cm/s
C) 50 cm/s

D) 15cm/s



Rate of flow, A * v, must remain constant. Use the continuity equation, A,v,=A,v,.

Solving the initial cross-sectional area yields: A;=rtr2=25mncm2. The initial radius is 5cm.

Then find the final area of the pipe: A,=rtr>=9mtcm?. The final radius is 3cm.
Using these values in the continuity equation allows us to solve the final velocity.
(251tecm?)(9cm/s)=(9mcm?)v,

v,=25cm/s



Which will produce the greatest increase in
flow velocity through a tube?

* Halving the tube radius

* Doubling the viscosity of the liquid
* Doubling the tube area

* Dividing the tube area by three

* Doubling the tube radius



Correct answer:

Halving the tube radius



* |f a pipe with flowing water has a cross-sectional area nine times greater at
point 2 than at point 1, what would be the relation of flow speed at the
two points?

* The flow speed relation will depend on the viscosity of the water

* The flow speed at point 1 is three times that at point 2

* The flow speed at point 1 is nine times that at point 2

* The flow speed at point 2 is nine times that at point 1

* The flow speed at point 2 is three times that at point 1



Correct answer:
The flow speed at point 1 is nine times that at point 2



Using the continuity equation we know that A,V;=A,V,.

The question tells us that the cross-sectional area
at point 2 is nine times greater that at point 1 (9A;=A,).

Using the continuity equation we can make A;= 1 and A, = 9.
1V,=9V,
V,/V,=9/1

Flow speed at point 1 is nine times that at point 2.



d,=130 mm v,=1.2 m/s

=
) d,= 190 mm v,=?Q, =?
d,= 160 mm v,=0.9 m/s ) =%
\ =
. — — °




Problem 6.4 The water is flowing through a pipe B;ss

having diameters 20 cm ana 10 cm at sections | and
2 respectively. The rate of flow through pipe is
35 litres/s. The section 1 is 6 m above datum and
section 2 is 4 m above datum. If the pressure at sec-
tion 1 is 39.24 Nfcm’, find the intensity of pressure

al section 2.
Solution. Given :

At section 1,

At section 2,

D;=20cm=02m
A, =-} (.2)* = .0314 m?

p; = 39.24 N/cm?
=39.24 x 10* N/m?

~| 60 m

D,=0.10m

= -} (0.1)? = 00785 m?

::=4m
py="




35

= 35 lit/s = =.035 m’/s
Rate of flow, Q = 35 lit/s T

Q = A|V, = A2V2

.V,=—Q—= VIR 1iita e
A .0314

LG T e
A, 00785




2 2
Pic h A &+V—2+z2
pg 22 pg 28 |
4 2 ‘ 2
924x10° (L4 0 py . (4456
1000 x9.81 2x9.38l 1000 x9.81 2x98]

40 +0.063 +6.0= -2 +1.012+4.0
9810

461063 1= -2 = 4 5012
9810

P2 _46.063 = 5.012'=41.051
9810

py=41.051 x 9810 N/m’
_ 41.051 % 9810
10*

N/cm® = 40.27 N/cm?



Problem 6.5 Water is flowing through a pipe having diameter 300 mm and 200 mm at the bottom
and upper end respectively. The intensity of pressure at the bottom end is 24.525 N/cm® and the
pressure at the upper end is 9.81 N/em®. Determine the difference in datum head if the rate of flow

through pipe is 40 lit/s. -~
@
. D, =200 mm
9 & p, = 9.81 N/cm
d
22 @
D, =300 mm
"ZT Py =24.525 N/cm _
1
% Y 3

DATUM LINE



Section 1, D, =300mm=0.3m .
p, = 24.525 N/em” = 24.525 x 10* N/m’

Section 2, D, =200mm=0.2m
p, =9.81 Nem® = 9.81 x 10* N/m?
Rate of flow = 40 lit/s
or 0 = .ﬂ =0.04 m’/s
1000

Alvl =A2V2 = rate Of ﬂOW = 0.04
04 04 004

V, = = 0.5658 m/s
A (032
4 4
=~ 0.566 m/s
At il TTRG RN SRR

SRR S
Pl o (02)
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Problem 3.2 Determine the total pressure on a circular plate of diameter 1.5 m which is placed

vertically in water in such a way that the centre of the plate is 3 m below the free surface of water.
Find the position of centre of pressure also.

: g FREE SURFACE
Given : Dia. of plate,d= 1.5 m

A =1’5 (1.5)%=1.767 m?

—

30m
h=30m

Total pressure is given by equation F = pgAh m
; Ge :
F=pgAh \y ‘
= 1000 x 9.81 x 1.767 x 3.0 N

=52002.81 N Fig.34




Moment of inertia Moment of
Plane surface C.G. from the Area ~about an axis passing- | inertia about
base through C.G. and base (I,)
parallel to base (1)
3. Circle .
\ .
4 K \
g + d nd® o
X=— —_ —_— ~
2 4 64

o




/

h*= <L 4+
Ah
where 7. = 24 _ mx15’ = 0.2485 m*
G 64 - 64 :
: 5
h* = l;)634>§10 + 3.0=0.0468 + 3.0

= 3.0468 m.

Position of centre of pressure (h*) is given by equation (3.5)

FREE SURFACE

- e e e o o -

L——1.5m——‘

Fig. 3.4



Problem 3.4 A circular opening, 3 m diameter, in a vertical side of a tank is closed by a disc of
3 m diameter which can rotate about a horizontal diameter. Calculate :

the force on the disc,

Dia. of opening; rd=3m
Area, | A= -} x 3% = 7.0685 m®.
Depth of C.G., h=4m

(i) Force on the disc is given by equation (3.1) as
F =pgAh = 1000 x 9.81 x 7.0685 x 4.0

= 277368 N = 277.368 kN



Problem 3.6 Determine the total pressure and centre of pressure on an isosceles [riangular plare
of base 4 m and altitude 4 m when it is immersed vertically in an oil of sp. gr. 0.9. The base of the plate

coincides with the free surface of oil.

A T

Base of plate, b=4m B N == 3

Height of plate, h=4m o *S v
Area, A=b)<h=4x4=8.0m2 ;/ _L

2 2 . 3
Sp. er. of oil. 5:=0.9 Fig. 3.8
. Density of oil, p =900 kg/m’.

The distance of C.G. from free surface of oil.
el | |

h=—-xh=—x4=133m.
3 3

Total pressure (F) is given byF = pgAh
=000 x 9.81 x 8.0 x 1.33 N = 9597.6. N.



Centre of pressure (h*) from free surface of oil is given by

h* = l(f. +h
Ah
where /; = M.O.L of triangular section about its co

3. 4 3
X 4
LT =7.11 m*
36 36
7.11 ' - 1.99
B+ = +1.33=0.6667 + 1.33 =199 m
8.0 x133
| |
' ; Moment of inertia Moment of
: ! ! , about an axis passing | inertia about
Plane surface C.G. from the , Area 5 through C.G. and base (1,)
base | . parallel to base (1)
2. Triangle 2 '.\ ;
i ok we o
| 3 | 2 36 12
|
|




