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Revised Syllabus of ESE : Fluid Mechanics, Open Channel Flow, Pipe Flow: Fluid properties; Dimensional

Analysis and Modeling; Fluid dynamics including flow kinematics and measurements; Flow net; Viscosity,
Boundary layer and control, Drag, Lift, Principles in open channel flow, Flow controls. Hydraulic jump; Surges;

Pipe networks.
Hydraulic Machines and Hydro power: Various pumps, Air vessels, Hydraulic turbines – types, classifications &

performance parameters; Power house – classification and layout, storage, pondage, control of supply.

1 Fluid Mechanics including
Hydraulic Machines & OCF

1. Fluid Properties

1.1 A plate with surface area of 0.4 mA plate with surface area of 0.4 mA plate with surface area of 0.4 mA plate with surface area of 0.4 mA plate with surface area of 0.4 m22222 and weight of 500 N slides down on an inclined plane at 30° to and weight of 500 N slides down on an inclined plane at 30° to and weight of 500 N slides down on an inclined plane at 30° to and weight of 500 N slides down on an inclined plane at 30° to and weight of 500 N slides down on an inclined plane at 30° to
the horizontal at a constant speed of 4 m/s. If the inclined plane is lubricated with an oil of dynamicthe horizontal at a constant speed of 4 m/s. If the inclined plane is lubricated with an oil of dynamicthe horizontal at a constant speed of 4 m/s. If the inclined plane is lubricated with an oil of dynamicthe horizontal at a constant speed of 4 m/s. If the inclined plane is lubricated with an oil of dynamicthe horizontal at a constant speed of 4 m/s. If the inclined plane is lubricated with an oil of dynamic
viscosity  2 poise, find the thickness of lubricant film.viscosity  2 poise, find the thickness of lubricant film.viscosity  2 poise, find the thickness of lubricant film.viscosity  2 poise, find the thickness of lubricant film.viscosity  2 poise, find the thickness of lubricant film.

 [10 marks : 2006] [10 marks : 2006] [10 marks : 2006] [10 marks : 2006] [10 marks : 2006]
Solution:

Assuming linear relationship between shear stress developed in
the lubricant and velocity gradient.

Let the thickness of the lubricating film be y

W W cos30°W sin30°

y

30°

30°

Surface Area of plate, A = 0.4 m2

Weight of plate, W = 500 N

Speed of sliding of plate, V = 4 m/s

Dynamic viscosity, μ = 2 poise = 0.2 kg/m-s

The shear stress will be developed in the lubricant due to the component of the weight of the plate in the
direction of motion. Let the component of weight in the direction of motion be F.

∴ F = Wsin30° = 500 sin 30° = 250 N

AccorAccorAccorAccorAccording to Newton’ding to Newton’ding to Newton’ding to Newton’ding to Newton’s law of viscositys law of viscositys law of viscositys law of viscositys law of viscosity,,,,,

F =
AV
y

μ du
F A

dy
;

⎡ ⎤
= τ τ = μ⎢ ⎥

⎣ ⎦
∵

⇒ 250 =
y

0.2 0.4 4× ×

⇒ y = 1.28 × 10–3 m

= 1.28 mm
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1.2 A rotating viscometer has two cylinders. The radius of inner fixed cylinder is A rotating viscometer has two cylinders. The radius of inner fixed cylinder is A rotating viscometer has two cylinders. The radius of inner fixed cylinder is A rotating viscometer has two cylinders. The radius of inner fixed cylinder is A rotating viscometer has two cylinders. The radius of inner fixed cylinder is RRRRR11111 and the radius of and the radius of and the radius of and the radius of and the radius of
the outer rthe outer rthe outer rthe outer rthe outer rotating cylinder is otating cylinder is otating cylinder is otating cylinder is otating cylinder is RRRRR22222. This viscometer is used for the measur. This viscometer is used for the measur. This viscometer is used for the measur. This viscometer is used for the measur. This viscometer is used for the measurement of viscosityement of viscosityement of viscosityement of viscosityement of viscosity. Derive. Derive. Derive. Derive. Derive
an expression for the viscosity in terms of the torque acting on the inner cylinder of height an expression for the viscosity in terms of the torque acting on the inner cylinder of height an expression for the viscosity in terms of the torque acting on the inner cylinder of height an expression for the viscosity in terms of the torque acting on the inner cylinder of height an expression for the viscosity in terms of the torque acting on the inner cylinder of height LLLLL, gap, gap, gap, gap, gap
between the bottoms of the two cylinders between the bottoms of the two cylinders between the bottoms of the two cylinders between the bottoms of the two cylinders between the bottoms of the two cylinders bbbbb, and the angular speed , and the angular speed , and the angular speed , and the angular speed , and the angular speed ωωωωω (omega). (omega). (omega). (omega). (omega).

[9 marks : 2007][9 marks : 2007][9 marks : 2007][9 marks : 2007][9 marks : 2007]
Solution:

It consists of two co-axial cylinders, having radius R1 and R2 as shown in the figure. The very small space
(R2 – R1) is left in between the two. The space between them is filled with the liquid whose viscosity is to
be determined.

The inner cylinder is suspended by a torsion wire on
spring and it is held stationary. The outer cylinder is then
rotated at a constant angular velocity. When the outer
cylidner rotates, the torque generated by such rotation
is transmitted by the thin liquid film to the inner stationary
cylinder, which causes rotation of torsion wire. The
rotation of wire can be measured by means of a circular
dial attached to the wire and a fixed pointer.

Circular dial gauge

Pointer

Torsional spring

R1

R2 L

b

ω

Inner cylinder
(stationary)

Outer
cylinder

From the previously obtained calibration curve between
the torque and the rotation of torsion wire, the torque
exerted on wire and hence on the inner cylinder,
corresponding to the measured rotation of wire can be
known.

Total torque, T = T1 + T2 ...(i)

T1 = Torque due to side
T2 = Torque due to bottom

Case-1:Case-1:Case-1:Case-1:Case-1:
Torque contributed from the sides, T1

Circumferential velocity of the outer cylinder
V =  ωR2

Clearance between the cylinders, h = R2 – R1

Assuming linear variation of velocity across the gap,

Velocity gradient  
du
dr

=
V
r

 = 
R

R R
2

2 1–
ω

Shear stress, τ = μ
du
dr

 = 
R

R R
2

2 1–
μω

Shear forceShear forceShear forceShear forceShear force, Fs = τ × 2π R1 × L

∴ T1 = Fs × R1
⇒ T1 = τ × 2πR1 × L × R1

⇒ T1 = ( )
R

R R
2

2 1–
μω

  × 2πR2
1 L

=
R R L

R R

2
1 2

2 1

2πμω
−

...(ii)
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Case-2:Case-2:Case-2:Case-2:Case-2:

Torque contributed from the bottom (T2)

Consider an element of inner cylinder of width ‘dr’ at a radial distance r.

R1

r
dr

b

ω
Velocity at this radius, v = rω
Assuming linear variation of velocity with depth in the gap ‘b’

Shear stress,  τ =
v

b
μ

 = 
r
b

μ ω

Torque of the element, dT2 =
r
b

μ ω
(2πr dr)r = 

b
μω

2πr3dr

Total torque on the cylinder, T2 =
R

b
1

0

μω
∫ 2πr3dr

⇒ T2 =
b

μω
2π

R
r 14

0
4

⎡ ⎤
⎢ ⎥
⎣ ⎦

 = 
b

μω R4
12

4
π      = 

R
b

4
1

2
πμω

... (iii)

TTTTTotal torotal torotal torotal torotal torquequequequeque, T = T1 + T2

T =
R R L R

R R b

2 4
1 2 1

2 1

2
– 2

πμω πμω
+

T =====
2 4
1 2 1

2 1

2 .
2

R R L R
R R b

⎛ ⎞π π
+ ωμ⎜ ⎟−⎝ ⎠

μ ===== 2 4
1 2 1

2 1

2
2

T

R R L R
R R b

⎛ ⎞π π
ω +⎜ ⎟−⎝ ⎠

1.3 ThrThrThrThrThrough a verough a verough a verough a verough a very nary nary nary nary narrrrrrow gap of height ‘ow gap of height ‘ow gap of height ‘ow gap of height ‘ow gap of height ‘hhhhh’ a thin plate of lar’ a thin plate of lar’ a thin plate of lar’ a thin plate of lar’ a thin plate of large extent is pulled at a velocity ge extent is pulled at a velocity ge extent is pulled at a velocity ge extent is pulled at a velocity ge extent is pulled at a velocity VVVVV. On one. On one. On one. On one. On one
side of the plate oil of viscosity side of the plate oil of viscosity side of the plate oil of viscosity side of the plate oil of viscosity side of the plate oil of viscosity μμμμμ11111 and on other side oil of viscosity  and on other side oil of viscosity  and on other side oil of viscosity  and on other side oil of viscosity  and on other side oil of viscosity μμμμμ22222. Calculate the position of. Calculate the position of. Calculate the position of. Calculate the position of. Calculate the position of
plate so that:plate so that:plate so that:plate so that:plate so that:
(i)(i)(i)(i)(i) The shear force on two sides of plate is equalThe shear force on two sides of plate is equalThe shear force on two sides of plate is equalThe shear force on two sides of plate is equalThe shear force on two sides of plate is equal
(ii)(ii)(ii)(ii)(ii) The pull required to drag the plate is minimumThe pull required to drag the plate is minimumThe pull required to drag the plate is minimumThe pull required to drag the plate is minimumThe pull required to drag the plate is minimum

[10 marks: 2008][10 marks: 2008][10 marks: 2008][10 marks: 2008][10 marks: 2008]
Solution:

Let y be the distance of the thin plate from the top surface. Assuming linear
relationship between shear stress developed and the velocity gradient.

(i)(i)(i)(i)(i) Shear strShear strShear strShear strShear stress developed on the top poress developed on the top poress developed on the top poress developed on the top poress developed on the top portiontiontiontiontion is given by, h

y

V
μ2

μ1

τ1 =
du
dy1μ

⇒ τ1 =
V
y1μ ×

Shear stress developed on the bottom portion is given by

τ2 =
V

h y2μ ×
−

If A is the area of thin plate, then shear force on the top and bottom portion,
F1 = τ1 × A and F2 = τ2 × A
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But F1 = F2

⇒ τ1 × A = τ2 × A

⇒
V
y1μ × =

V
h y2μ ×

−

⇒ μ1(h – y) = μ2y

⇒ y (μ1 + μ2) = μ1h

⇒ y = 1

1 2

hμ
μ + μ

 (Ans.)(Ans.)(Ans.)(Ans.)(Ans.)

(ii)(ii)(ii)(ii)(ii) The pull rThe pull rThe pull rThe pull rThe pull requirequirequirequirequired to drag the plate = Ted to drag the plate = Ted to drag the plate = Ted to drag the plate = Ted to drag the plate = Total shear forotal shear forotal shear forotal shear forotal shear forcecececece

⇒ F = F1 + F2

⇒ F = τ1A + τ2A

⇒ F =
V VA A
y h y1 2μ × × + μ × ×

−  = VA
y h y

1 2μ μ⎡ ⎤+⎢ ⎥−⎣ ⎦

For F to be minimum, dF
dy

= 0

⇒
y h y

1 2
2 2( )

μ μ
− +

−
= 0

⇒ y
h y

2

2( )−
= 1

2

μ
μ

⇒
y

h y−
= 1

2

μ

μ

⇒ ( )y1 2μ + μ = h1μ

⇒ y =
h1

1 2

μ
μ + μ

 (Ans.)(Ans.)(Ans.)(Ans.)(Ans.)

1.4 The velocity distribution for flow over a plate is given byThe velocity distribution for flow over a plate is given byThe velocity distribution for flow over a plate is given byThe velocity distribution for flow over a plate is given byThe velocity distribution for flow over a plate is given by
uuuuu = 2 = 2 = 2 = 2 = 2yyyyy –  –  –  –  – yyyyy22222

in which in which in which in which in which uuuuu is the velocity in ms is the velocity in ms is the velocity in ms is the velocity in ms is the velocity in ms–1–1–1–1–1 at a distance  at a distance  at a distance  at a distance  at a distance yyyyy metres from the plate. Determine the shear stress metres from the plate. Determine the shear stress metres from the plate. Determine the shear stress metres from the plate. Determine the shear stress metres from the plate. Determine the shear stress
in Nmin Nmin Nmin Nmin Nm–2–2–2–2–2 at the boundary and at 0.2 m from it. Dynamic viscosity of fluid is 0.9 Ns/m at the boundary and at 0.2 m from it. Dynamic viscosity of fluid is 0.9 Ns/m at the boundary and at 0.2 m from it. Dynamic viscosity of fluid is 0.9 Ns/m at the boundary and at 0.2 m from it. Dynamic viscosity of fluid is 0.9 Ns/m at the boundary and at 0.2 m from it. Dynamic viscosity of fluid is 0.9 Ns/m22222.....

[4 marks : 2013][4 marks : 2013][4 marks : 2013][4 marks : 2013][4 marks : 2013]
Solution:

GivenGivenGivenGivenGiven u = 2y – y2

and μ = Dynamic viscosity of fluid = 0.9 Ns/m2

Shear stress (τ) = ( )2 2
u y
y

∂
μ = μ −

∂

∴ τ|y = 0.2 m = 0.9(2 – 2 × 0.2) = 1.44 N/m2

and τ1y = 0
= 0.9 × 2 = 1.8 N/mm2
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1.5 A rectangular plate of 0.50 m × 0.50 m dimensions weighing 500 N slides down an inclined planeA rectangular plate of 0.50 m × 0.50 m dimensions weighing 500 N slides down an inclined planeA rectangular plate of 0.50 m × 0.50 m dimensions weighing 500 N slides down an inclined planeA rectangular plate of 0.50 m × 0.50 m dimensions weighing 500 N slides down an inclined planeA rectangular plate of 0.50 m × 0.50 m dimensions weighing 500 N slides down an inclined plane
making 30° angle with the horizontal, at a velocity of 1.75 m/s. If the 2 mm gap between the platemaking 30° angle with the horizontal, at a velocity of 1.75 m/s. If the 2 mm gap between the platemaking 30° angle with the horizontal, at a velocity of 1.75 m/s. If the 2 mm gap between the platemaking 30° angle with the horizontal, at a velocity of 1.75 m/s. If the 2 mm gap between the platemaking 30° angle with the horizontal, at a velocity of 1.75 m/s. If the 2 mm gap between the plate
and the inclined surface is filled with a lubricating oil, find its viscosity and express it in poise asand the inclined surface is filled with a lubricating oil, find its viscosity and express it in poise asand the inclined surface is filled with a lubricating oil, find its viscosity and express it in poise asand the inclined surface is filled with a lubricating oil, find its viscosity and express it in poise asand the inclined surface is filled with a lubricating oil, find its viscosity and express it in poise as
well as in Ns/mwell as in Ns/mwell as in Ns/mwell as in Ns/mwell as in Ns/m22222.....

[4 marks : 2014][4 marks : 2014][4 marks : 2014][4 marks : 2014][4 marks : 2014]
Solution:

Area of plate, A = 0.50 × 0.50 = 0.25m2

Weight of plate, W = 500 N
2mm gap

W sinθ
V = 1.75 m

/s
A = 0.25 m

2

W cosθW
30°

W sinθ = Fdrag

500 sin30° = τ ⋅ A

⇒
du A
dy

μ = 500 sin30°

⇒
( )V

.−

−
μ ×

× 3

0
0 25

2 10
= 500 sin30°

μ =
3500sin30°×2×10

1 75 0 25. .

−

×
 = 1.143 N-s/m2

Since; 1 Poise = 10–1 N-s/m2

⇒
-
2

N s
1

m
= 10 Poise

∴ μ = 11.43 poise or 1.143 N-s/m2

1.6 A rectangular plate of 0.5 m × 0.5 m dimensions, weighing 500 N slides  down  an inclined planeA rectangular plate of 0.5 m × 0.5 m dimensions, weighing 500 N slides  down  an inclined planeA rectangular plate of 0.5 m × 0.5 m dimensions, weighing 500 N slides  down  an inclined planeA rectangular plate of 0.5 m × 0.5 m dimensions, weighing 500 N slides  down  an inclined planeA rectangular plate of 0.5 m × 0.5 m dimensions, weighing 500 N slides  down  an inclined plane
making 30° angle with the horizontal at a velocity of making 30° angle with the horizontal at a velocity of making 30° angle with the horizontal at a velocity of making 30° angle with the horizontal at a velocity of making 30° angle with the horizontal at a velocity of 1.75 m/s1.75 m/s1.75 m/s1.75 m/s1.75 m/s. If the 2 mm gap between the plate. If the 2 mm gap between the plate. If the 2 mm gap between the plate. If the 2 mm gap between the plate. If the 2 mm gap between the plate
and inclined surface is filled with a lubricating oil, find its viscosity in poise.and inclined surface is filled with a lubricating oil, find its viscosity in poise.and inclined surface is filled with a lubricating oil, find its viscosity in poise.and inclined surface is filled with a lubricating oil, find its viscosity in poise.and inclined surface is filled with a lubricating oil, find its viscosity in poise.

[6 marks : 2020][6 marks : 2020][6 marks : 2020][6 marks : 2020][6 marks : 2020]

Solution:Solution:Solution:Solution:Solution:

θ = 30°

θ

W sinθ

F D

V

W
W cosθ

h

Force analysis in direction of motion

FD = W sin θ
τA = 500 sin 30° ...(i)

∵  Shear stress, τ = μ du
dy

{Since the gap is very-very small so velocity variation is considered as linear.}

τ =
−

μ
0V

h

τ = μ
V
h
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By eq. (i) μ
V

A
h

= °500sin30

( )
μ × ×

1.75
0.5 0.5

0.002
= 500 sin 30°

μ = 1.143 Ns/m2

μ = 11.43 Poise

2. Manometry and Hydrostatic Forces

2.1 A vertical lift gate 5 m × 2.5 m size weighing 0.5 tonnes slides along guides (coefficient of friction isA vertical lift gate 5 m × 2.5 m size weighing 0.5 tonnes slides along guides (coefficient of friction isA vertical lift gate 5 m × 2.5 m size weighing 0.5 tonnes slides along guides (coefficient of friction isA vertical lift gate 5 m × 2.5 m size weighing 0.5 tonnes slides along guides (coefficient of friction isA vertical lift gate 5 m × 2.5 m size weighing 0.5 tonnes slides along guides (coefficient of friction is
0.25) fitted on the side walls of an over flow spillway and its crest. What force will have to be0.25) fitted on the side walls of an over flow spillway and its crest. What force will have to be0.25) fitted on the side walls of an over flow spillway and its crest. What force will have to be0.25) fitted on the side walls of an over flow spillway and its crest. What force will have to be0.25) fitted on the side walls of an over flow spillway and its crest. What force will have to be
exerted at the hoisting mechanism to lift the gate when the head of water over the crest is 2 m.exerted at the hoisting mechanism to lift the gate when the head of water over the crest is 2 m.exerted at the hoisting mechanism to lift the gate when the head of water over the crest is 2 m.exerted at the hoisting mechanism to lift the gate when the head of water over the crest is 2 m.exerted at the hoisting mechanism to lift the gate when the head of water over the crest is 2 m.

[10 marks : 1998][10 marks : 1998][10 marks : 1998][10 marks : 1998][10 marks : 1998]

Solution:
Let the normal reaction at the guides be R. The normal reaction will be
equal to the total hydrostatic pressure acting on the gate i.e.

2 m

Water

Crest

2.5 m

Gate Guides

∴ R = wA x

where w is specific weight of the liquid, x  is the depth of centroid of

plate below the free surface of the liquid and A is the cross-sectional

area of plate.

⇒ R = 1000 × 9.81 × (5 × 2) × 
2
2

⎛ ⎞
⎜ ⎟⎝ ⎠

 = 98100 N

Now, when the gate is lifted upwards, the frictional force Fs will be
developed which acts in vertically downward direction.

F

Fs

mg

∴ Fs = μR = 0.25 × 98100 = 24525 N

If the force required to lift the gate is F, then it is opposed by the self

weight of gate and frictional force Fs

∴ F = Fs + mg = 24525 + (0.5 × 1000 ×  9.81)

= 29430 N = 29.43 kN

2.2 A cylinder of radius 0.3 m is located in water as shown. The cylinder and the wall are smooth. ForA cylinder of radius 0.3 m is located in water as shown. The cylinder and the wall are smooth. ForA cylinder of radius 0.3 m is located in water as shown. The cylinder and the wall are smooth. ForA cylinder of radius 0.3 m is located in water as shown. The cylinder and the wall are smooth. ForA cylinder of radius 0.3 m is located in water as shown. The cylinder and the wall are smooth. For
a 1.5 m length of cylindera 1.5 m length of cylindera 1.5 m length of cylindera 1.5 m length of cylindera 1.5 m length of cylinder, find, find, find, find, find
(i)(i)(i)(i)(i) its weight,its weight,its weight,its weight,its weight,
(ii)(ii)(ii)(ii)(ii) the rthe rthe rthe rthe resultant foresultant foresultant foresultant foresultant force exerce exerce exerce exerce exerted by the wall on the cylinderted by the wall on the cylinderted by the wall on the cylinderted by the wall on the cylinderted by the wall on the cylinder,,,,,
(iii)(iii)(iii)(iii)(iii) the rthe rthe rthe rthe resultant moment aresultant moment aresultant moment aresultant moment aresultant moment around the centround the centround the centround the centround the centre of the cylinder due to water fore of the cylinder due to water fore of the cylinder due to water fore of the cylinder due to water fore of the cylinder due to water forces on the cylinderces on the cylinderces on the cylinderces on the cylinderces on the cylinder.....

r = 0.3 m

[15 marks : 1998][15 marks : 1998][15 marks : 1998][15 marks : 1998][15 marks : 1998]
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Solution:
(i)(i)(i)(i)(i) Since the cylinder and wall are smooth, the weight of the cylinder is equal to the verticalSince the cylinder and wall are smooth, the weight of the cylinder is equal to the verticalSince the cylinder and wall are smooth, the weight of the cylinder is equal to the verticalSince the cylinder and wall are smooth, the weight of the cylinder is equal to the verticalSince the cylinder and wall are smooth, the weight of the cylinder is equal to the vertical

component of the hydrcomponent of the hydrcomponent of the hydrcomponent of the hydrcomponent of the hydrostatic prostatic prostatic prostatic prostatic pressuressuressuressuressure acting on the cylindere acting on the cylindere acting on the cylindere acting on the cylindere acting on the cylinder.....

But we know that vertical component of hydrostatic force is equal to the weight of the fluid contained
in the curved surface upto free surface.

∴ 1VF = weight of water in portion ABC acting vertically upwards through the C.G of area ABC

⇒ 1VF = 9.81 ×  volume of semicircle ABC

FV1 FV2

OB

C

D

A
E

= 9.81 × ( )20.3
1.5

2
π ×

×

= 2.08 kN
Centre of gravity of semicircle ABC

=
4r
3π

=
4 0.3

3
×

π
 = 0.1273 m

2VF = weight of water in the portion ACDE

acting vertically upwards at the centroid of the area ACDE

⇒ 2VF ===== 9.81 × volume of quarter circle COD + 9.81 × volume of square AODE

= ( )21
9.81 0.3 1.5 9.81 0.3 0.3 1.5

4
× × π × × + × × ×

= 1.0401 + 1.3244 = 2.3645 kN

If x is the distance of centre of gravity of ACDE from AC, then

2.3645x = 1.0401 × 
4 0.3

3
×

π
 + 1.3244 × 

0.3
2

⇒ x = 0.14 m

∴ Weight of cylinder=
1 2V VF F+  = 2.08 + 2.3645 = 4.4445 kN

(ii)(ii)(ii)(ii)(ii) The horizontal component of the hydrostatic force exerted on the cylinder will consist of:The horizontal component of the hydrostatic force exerted on the cylinder will consist of:The horizontal component of the hydrostatic force exerted on the cylinder will consist of:The horizontal component of the hydrostatic force exerted on the cylinder will consist of:The horizontal component of the hydrostatic force exerted on the cylinder will consist of:

(a) 1HF  acting horizontally from left to right on the vertical projection of the curved surface AB

(b)
2HF  acting horizontally from left to right on the vertical projection of the curved surface BC

(c)
3HF  acting horizontally from right to left on the vertical projection of the curved surface CD

Now  
2HF  and 

3HF are equal and opposite. Thus the total horizontal force will be 
1HF  acting at the centre

of pressure of the vertical projection of curved surface AB.

1HF = 9.81 × 0.3 × 1.5 × 
0.3
2

 = 0.6622 kN [ ]using HF wA= x

Centre of pressure = x  + G
A
I

x
 = 

0.30
2

 + 
( )31.5 0.3 2

12 1.5 0.3 0.3

× ×
× × ×

     = 0.15 + 0.05 = 0.20 m

Thus 
1HF  acts at a depth of 0.20 m from free surface or at a height of 0.1 m above the centre of

cylinder (O).

The resultant force exerted by the wall on the cylinder,

R = ( ) ( )1 1 2

2 2

H V VF F F+ +  = ( ) ( )2 20.6622 4.4445 4.4935 kN+ =
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(iii)(iii)(iii)(iii)(iii) The resultant moment about the centre of cylinder due to hydrostatic forces will be given byThe resultant moment about the centre of cylinder due to hydrostatic forces will be given byThe resultant moment about the centre of cylinder due to hydrostatic forces will be given byThe resultant moment about the centre of cylinder due to hydrostatic forces will be given byThe resultant moment about the centre of cylinder due to hydrostatic forces will be given by

M = 1HF  × 0.1 + 1VF × 0.1273 – 2VF  × 0.14

= (0.6622 × 0.1) + (2.08 × 0.1273) – (2.3645 × 0.14) = – 0.000026 kN-m
≈ 0

2.3 Find the depth of water required to topple the rectangular flashboard and reaction at the hinge ofFind the depth of water required to topple the rectangular flashboard and reaction at the hinge ofFind the depth of water required to topple the rectangular flashboard and reaction at the hinge ofFind the depth of water required to topple the rectangular flashboard and reaction at the hinge ofFind the depth of water required to topple the rectangular flashboard and reaction at the hinge of
the flashboard shown in figure.the flashboard shown in figure.the flashboard shown in figure.the flashboard shown in figure.the flashboard shown in figure.

D

2 m

L

50°

Flashboard

Hinge

Water

[10 marks : 2006][10 marks : 2006][10 marks : 2006][10 marks : 2006][10 marks : 2006]
Solution:

Let the centre of gravity of the flashboard be at a distance x  from the free surface.

Assuming unit width of the flashboard perpendicular to the plane of paper

Hydrostatic force on the flashboard is given by

F = wA x  = w (L × 1) × x   = wLx

sin 50° =
D
L

 = 
L / 2

x
D

50°

50°

h–cp
x– L/2

y

2 
m

RV

RH

F

∴ x =
L
2

 sin50° and D = L sin50°

∴ F = wLx  [∵ Area = L × 1, for unit width]

⇒ F = wL × 
L
2

sin 50° = 
2

sin 50
2

wL
°

The hydrostatic force F will act at the centre of pressure h( ) .

∴ cph = x + G

A
I

x
 sin2θ

cph =
L
2

sin 50° + ( )
L

L L

31 2
12 1 sin50

× ×
× × × °

sin250° G
bd L3 31
12 12

⎡ ⎤×= =⎢ ⎥
⎣ ⎦

I∵

=
L
2

 sin 50° + 
L
6

sin 50° = 
2
3

L sin 50°

Now, we have

sin 50° = cph
y

⇒ y =
L2 sin50

3
sin50

°

°
 = L

2
3
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Thus the perpendicular distance of the line of action of the
hydrostatic force F from the hinge is given by

Lever Arm = L – 
2
3

 L – 2 = 
L
3

 – 2

50°

50°

y

RV

RH

F
50°

L 3
–2Taking the moment of all the forces about the hinge, we get

L
F 2

3
⎛ ⎞−⎜ ⎟⎝ ⎠ = 0

⇒      
wL L2

sin50 – 2
2 3

⎛ ⎞° ⎜ ⎟⎝ ⎠ = 0

⇒ L = 6 m
∴ D = L sin 50° = 6 sin 50° = 4.6 m
Now for equilibrium,

RH = Fsin 50° = 
wL2

sin 50 sin 50
2

° × °  = 
2

29810 (6) sin 50
2
× × °  = 103.62 kN

RV = Fcos50° = 
2 29810 (6)

sin 50 cos 50 sin 50 cos 50 86.95 kN
2 2

wL ×° × ° = × ° × ° =

Resultant Reaction,Resultant Reaction,Resultant Reaction,Resultant Reaction,Resultant Reaction, R = H VR R2 2+  = ( ) ( )2 2103.62 86.95+  = 135.27 kN

2.4 Determine the total pressure on a plane rectangular plate 1 m wide and 3 m deep when its upperDetermine the total pressure on a plane rectangular plate 1 m wide and 3 m deep when its upperDetermine the total pressure on a plane rectangular plate 1 m wide and 3 m deep when its upperDetermine the total pressure on a plane rectangular plate 1 m wide and 3 m deep when its upperDetermine the total pressure on a plane rectangular plate 1 m wide and 3 m deep when its upper
edge is horizontal and coincides with water surface and plate is held perpendicular to water surface.edge is horizontal and coincides with water surface and plate is held perpendicular to water surface.edge is horizontal and coincides with water surface and plate is held perpendicular to water surface.edge is horizontal and coincides with water surface and plate is held perpendicular to water surface.edge is horizontal and coincides with water surface and plate is held perpendicular to water surface.

[2 marks : 2010][2 marks : 2010][2 marks : 2010][2 marks : 2010][2 marks : 2010]
Solution:

Let the width and depth of the rectangular plate be b and d respectively.
Total pressure on the rectangular plate will be given as

P = Aγ x x–

3 m

1 m

where γ is the unit weight of water, A is the area of rectangular plane

surface and x  is the distance of centre of gravity from water surface.
∴ P = γ × b × d × x

= 9810 × 1 × 3 × 
3
2

d
2

⎡ ⎤=⎢ ⎥⎣ ⎦
x∵

= 44145 N = 44.145 kN

2.5 Show that the hydraulic pressure remains invariant in a horizontal plane parallel to free surface.Show that the hydraulic pressure remains invariant in a horizontal plane parallel to free surface.Show that the hydraulic pressure remains invariant in a horizontal plane parallel to free surface.Show that the hydraulic pressure remains invariant in a horizontal plane parallel to free surface.Show that the hydraulic pressure remains invariant in a horizontal plane parallel to free surface.
[4 marks : 2010][4 marks : 2010][4 marks : 2010][4 marks : 2010][4 marks : 2010]

Solution:

y

dy

p

p  p+ d

Consider an element of area dA, is y height below the free surface level,
in a fluid of density ρ, hence for equilibrium

pdA + Weight of liquid in a volume of dA · dy = (p + dp)dA
pdA + ρd (dAdy) = (p + dp)dA

pg ·dAdy = dp·dA

dp
dy = ρg

p = ρgy + constant
p ∝ y

Hydrostatic pressure ∝ Depth
Hence, hydrostatic pressure varies only in vertical direction. Hence at a particular depth below the free
surface hydrostatic pressure will remain same in a horizontal plane.
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