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Prepared by: Mrs. BENKHERBACHE S. and BERKACHE Amar

PRACTICAL WORK N°2

STUDY OF THE THRUST CENTER

2.1 Purpose of the experiment:
e Determination of the pressing force

e Determination of the center of thrust.

2.2 Description of the experimental set-up:

The device (see figure 1) consists of a transparent plastic tray whose frame rests on the work
table by means of screws that are also used for the bubble leveling to check the horizontality of
the device. The bin is open at the top. This allows the filling with water and the assembly of the
accessories of the experimental device. The tank is equipped with a drain valve. The surface on
which the hydrostatic thrust acts is made up of a plunger in the shape of a quarter of a crown, on
the other end is fixed the device that allows the balance of the vertical surface on which the
hydrostatic thrust acts according to the level of water in the tank. The assembly can be rotated
around a horizontal axis.
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Figure 1. Experimental Setup

The Partial or total immersion of the surface results in a change in the value of the thrust force
as well as the point of application of this force, which causes the imbalance of the quarter-crown
diver position. The correct position of the rod is achieved by placing an adequate mass in the
scale plate. Graduations are printed on the plunger to allow various tests to be carried out for
different water levels in the case of partial or total immersion of the flat wall. This device makes
it possible to directly determine the moment due to the thrust of a liquid on a vertical flat wall
totally or partially immersed and to compare it with the results obtained by the calculation.
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The moment of the force exerted by the hydrostatic pressure is measured using the masked
masses.
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Fig.2 Total immersion

2.3 Reminders of the theory:
Archimedes' theorem:
Any body immersed in a fluid receives from this fluid a vertical force (thrust) directed upwards
and whose intensity is equal to the weight of the volume of fluid displaced (this volume is
therefore equal to the immersed volume of the body)
Fthrust=pivid. Vimm.g
3.Partial Immersion
3.1 Experimental calculations:

3.1.1 Pressure force:

s

|
F=pgy. A, y.=— , A=hb=>F=pgy A= ;p.g.b.h1
A: is the submerged area

3.1.2. The Thrust Center:
The thrust moment relative to the pivot axis is given by:

XM/ =yF=PL=>yF=mglL
m.g.L
.

h
y,=a+d—-—

Where (m) is the mass placed in the balance plate
(L): is the distance between the axis of the balance and the axis of the pivot.

3.2 Theoretical calculations:
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3.2.1 thrust center
Yo = Ye v.A
b.h?
=22 A=bh
12

Ix: represents the moment of inertia of the surface.
For a rectangular surface: we have
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bh’
I h 12 h h 2h
}Yp:}’c—i— =—4 5 = — —:T
y.A 2 m?/ 2 6 3
2
Then
~ 2h
Yo 3
3.2.2. Pressing force:
y=d+a—(h-y,)
m.g.L
p=2E
}r
4. Total immersion
4.1 Experimental Calculations:
4.1.1 Pressure force:
d
F=pgy A, y.=h- R A=bd
2M/ =yF=PL=>yF=mgL
4.1.2 The Thrust Center:
_mgL
- F
}Ip - }.7 —a
4.2 Theoretical calculations :
I bdy >
y = YC + : = -+ J = -+ L
’ YeA YoV Ty, T 1y
b.d’
=——, A=bd
12

4.2.1 Pressure force
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d
y=a+S+(,-v)  Et F

F : Pressure force(N)

p : the density of the water (p=1000kg/m?)
h: Water Height (mm)

m: mass (g)

yc: Center of Gravity

g: Acceleration of gravity (g=9.81m/s?)

A : Wet surface (m2)

y : Pressure force application point(m)

yp: Center of Thrust (M)

Ix: Moment of inertia of the wall

The dimensions are given: L=275mm, a=100mm, b=75mm, d=100mm

2.4 Procedure
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e Place the plunger on both knives and attach to the balance arm using the center screw.

Level the plexiglass tank, which is adjusted thanks to its adjustable feet.
Balance the arms of the scale by moving the counterweights.

Place a sledgehammer on the scale (which has become unbalanced).

water according to the measuring scale.
e Repeat several times, adding masses.

In this experiment, two cases are to be considered :

Partial Immersion Total Immersion

Introduce water into the tank until the water level reaches the bottom of the plunger.

Introduce water into the tank until the balance is balanced, thus raising the height of the

Masse (g) Partial Immersion(h)(mm) Masse (g) Total Immersion(h)(mm)
50 300
100 350
150 400
200 450
250
2.5 Work requested

1. Complete tables 2.1 and 2.2 of the experimental calculation for the case of partial and total

immersion.

2. Complete tables 2.3 and 2.4 of the theoretical calculation for the case of partial and total

immersion.
3. Draw the graphs ymn and yexp=f(h) as well as Fie and Fexp=f(h).
4. Compare the results and conclude.

2.5.1 Experimental calculation:

Table 2.1 Partial immersion
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m(kg) h(m) Ye(m) A(m’) F(N) y(m) Yp(m)

Table 2.2 Total immersion

m(kg) h(m) Ye(m) A(m’) F(N) y(m) Yp(m)

2.5.2 Theoretical calculation:

Table 2.3 Partial immersion

m(kg) h(m) Ye(m) A(m?) F(N) y(m) yp(m)

Table 2.4 Total immersion

m(kg) h(m) Ye(m) A(m?) F(N) y(m) yp(m)
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F=pgy A, y.=h- (j

)

2M/ =yF=PL=>yF=mgL

_mglL

Ye-A Yo =

d
y=a+5+(}’p—:~fc) Et

I, bd /2

bdyc
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The dimensions are given: L=275mm, a=100mm, b=75mm, d=100mm
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m(kg) h(m) Ye(m) A(m?) F(N) y(m) yp(m)
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