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Hydrostatics is the study of fluid bodies that are

= Atrest

* Moving sufficiently slowly so there is no relative
motion between adjacent parts of the body

For hydrostatic situations

= There are no shear stresses

= There are only pressure forces that act
perpendicular to any surface
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Gauge

P, =1bar=10°
14.7 Lb/in?=1 K

0 Absolut'e
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throughout a fluid.

- The study of pressure forces on finite
surfaces.

= Since there Is no motion of a fluid layer,
there are no shear stresses In the fluid.
There is only normal pressure forces acting

f.the free bodi
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vertical depth 1n fluid.

= Study the fluids in Relative equilibrium.

= Compute the hydrostatic forces and pressure
distribution on submerged bodies.

= Ana the ility of floating bodies.
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p, 0x &y

As fluids at rest cannot contam shearing stresses,
' on the free
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W = —ydzdx
27

| Free Body
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From statical equilibrium
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* The equation ( pl = p2 = p3) indicates that the

pressure at a point 1s the same 1n all direction. T

h1S 1S

known as Fascal’s law and applies to any fluid at rest.



AIN SHAMS UNIVERSITY 3 : FLU1D MECANICS CEI 121
FACULY OF ENGINEERING 24 Chapter 2A |:|u|d Stat|cs

=Pressure Distribution in a fluid at rest

oP dx
(p-| = 0P dX) —t lp <—d—z (P+ 5_) dz dy
ox 2 dz dy W = ydx'dy dz
IL /d_y
(P- 8_E) dx dy
oz 2 :

t at rest
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B
Py dx
e L . — Eq.1

ZFZ :Pde—dw—PDdx:O .............. Eq.II

Substitute in the first equation (x-direction) :
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[P—a—P%]dx - ydz d&x - [P+8—P%de = 0
oz 2

—a—szdx — ydzdx = 0

0z
0P
0z
Therefore, pressure 1s a function only of z and the total derivative

replaces the partial derivative.
dP

= -y

= g
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Which is the basic equation of fluid statics, where pressure in the
vertical direction is proportional to the depth of the liquid.
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Conclusion:

pressure. (one equi-potential surface)

* Pressure increases as one goes down in a liquid

column (remember the pressure changes on diving
into a swimming pool).

* Pressure variation in air i1s neglected in relatively
small distance (y, 1s small w.r.t. v )
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PA = PB, PC = PD , and PC = PA+yh
Specifications of Equipotential Line (surface) :-
-Fluid must be at rest.

Liquid surface

-Same fluid (P =po)
-Continuity of fluid \ / /\ \

|
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om Water S.G. =
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Pressure expressed as height of fluid (Pressure Head)

When pressure Is expressed in this way, It is
commonly referred to as pressure head.
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1- Water.

2- Mercury.

3- Heavy fuel oll with a specific gravity of 0.92
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Solution:

W 9.81 kN /m3

345 KN /m?

h —
Hg  13.6x9.81 kN /m3

= 2.59 m of mercury

345  KN/m?

h | = ‘ = 38.2i m of ol
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Pressure Scales

»absolute pressure. When a pressure IS
expressed as a difference between its value and a

complete vacuum.

"gage pressure: When It Is expressed as a
difference between its value and the /ocal

atmospheric pressure.

“
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0 0 Pa (abs)

(0.60 bar

Absolute zero pressure (-101.3)

Y = 10.33 m of Water =

Complete Vacuum

.34
1013KPa o bar |
(abs) vtandard Atmospheric pressure (zero) 0
Negative suction
Y |60 KPa (abs) Vacuum  -41.3 KPa
Tve

760 mm of Hg = 1bar , 1bar = 10°
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fluids, 1t 1s transmitted without loss In all directions
throughout the fluid system.

»Pascal’s /law: states that ‘Intensity of pressure Is
transmitted equally in all directions through a mass
of fluid at rest.
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———— i i e ——

S . e — e s e o o — — e — —

p(pistonl) = p(piston2) (if at equilibrium).
* p = p(pistonl) + h . The pressure from the piston
head is transmitted to all points in the fluid.

mall force applied'to a small area
ea.
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RAM

_ area =
A — «—area = a

P, = W/A P2 1 P = Fla

Liquid

Working principle of hydraulic press

Ing a small force F
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3 Im

— 4 1m
3m 5m
Glycerin
2 $.G =125
1m - Water

2.5m

The standard atmosphere =101.3

$ D ¢




AINSHAMSUNIVERSITY | FLUID MECANICS-CEl121
PACULYOFENGNEERNG | ChaplerzA-FludStatics

= 30.625KPa = 131.925 KPa(abs)

P, =P, - 7 x3 = 30.625 — (1.25x9.81x3)

= —6.125KPa = 6.125KPa (suction,vacuum) = 95.175 KPa(abs)

Py =Py Py =P -y, x2m = -25745KPa




