Hydrostatics

I ntroduction

When the fluid velocity is zero, called the hydrostatic
condition, the pressure variation is due only to the weight of
the fluid.

Consider a small wedge of fluid at rest of size %A; and

depth b into the paper. There is no shear inition,

and pressure is assumed to be identical" o ace (small

element).




This means:
1) Thereis no pressure change in the horizontal direction.

2) There is a vertical change in pressure proportional to the

density, gravity and depth change in the fluid (i.e. the weight

of the column of the fluid above the point).
Note: in the limit as the fluid wedge shrinks )&nt Az
goes to zero,

wehave: Px=Pz=Pn=P.

Thus, pressurein astatic fluid |s§§w\property
Pressure force on@%en

Assume the pressure vary arbitrarily in a fluid, p=p(x,y,z,t).

Consider a ement of size Ax, Ay, Az as shown in Fig.
2. The r@t in the x-direction is given by:
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Fig. 2: Net force in the x-direction due to pressure variation.




In asimilar manner, net forces acting iny and z directions can

be calculated. The total net force vector, due to pressure, is:
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Notice that the term in the parentheses is the negative vector gradient of pressure and the term dx dy
0z =dV, is the volume of the element. Therefore, one can write:

dF,

f press = VP

Where fyes IS the net force per vol \sbe that the
pressure gradient (not pressure) c -Bi t force that must
be balanced by gravity or accel@v /or other effects in
the fluid. ) Q

Note: the pressure gradi@\g surface force that acts on the
sides of the elerrle@must be balanced by gravity force,
or weight of t ent, in the fluid at rest. In addition to
gravity,. a % motion will have surface forces due to
VISCOUS . Viscous forces, however, for a fluid at rest

he gravity force is abody force, acting on the entire

mass of the element:

dF, gravity — P4 dx dy dz f gravity — PY




Gauge pressure and vacuum pressure

The actual pressure at a given position is called the absolute
pressure, and it is measured relative to absolute vacuum. The

measure pressure may be either lower (caled vacuum
pressure) or higher (gauge pressure) than tI'@cal

atmosphere. %




Hydrostatic pressure distribution

For afluid at rest, the summation of forces acting on the
element must be balanced by the gravity force.
Vp=pg
This is a hydrostatic distribution and is correct for zll fluids at rest, regardless of viscosity.

Recall that the vector operator V expresses the magnitude and direction of the maximum spatial rate of
increase of the scalar property (in this case pressure).

Note: Vp is perpendicular everywhere to surface of constant pressure p. In other words, in a fluid at rest
will align its constant-pressure surfaces everywhere normal to the local-gravity vector. Or, the pressure
increase will be in the direction of gravity (downward). However, in our customary coordinate z is
“upward” and the gravity vector is:

g =—gk

where g=9.807 m/s. For this coordinate, the pressure gradient vector becomes:

Since pressure is only a function of z (independent of x and y), we can write:

dp
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it pz-m=-£ ydz
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AQP , We can conclude: pressure in a continuously
di

distance and is independent of the shape of the container. The

uted uniform static fluid varies only with vertical

pressure is the same at all points on a given horizontal plane

in afluid.




Note: In most engineering \Aions, the variation in
@
acceleration of gravity (g d\% different heightsis less than

0.6% and can ben

For qu@ are incompressible, we have:




At the sealevel, the r@rlc pressure reads, 761
mmHg. (bQ
Hydrostatic %!’Ein gases

Gases e\$q ressible with density nearly proportional to
P us the variation in density must be considered in
y

h%c calculations. Using the ideal gas equation of state,

P=pRT




After integration between points 1 and 2 and also assuming a
constant temperature at both points T1 =T2=TO (isothermal

atmosphere), we find:

— e _9(32 - 2)
pz = pl xp RT,D

The isothermal assumption is a fair assum @earth.
iC

However, for higher altitudes the atmcK‘

drops off nearly linearly with z, i.e. ;:G%

the sea level temperature (in Kelu\Q) =0.00650 K/m, we
find:

perature

z Where TO Is

L\
A
p:pﬂ(l-T—o) fnralrﬁ=5.26
o)
Note: th ospheric pressure is nearly zero

condition) at z = 30 km.
(?y

It is:.:own that a change in elevation of aliquid is equivalent

to a change in pressure, Ah= Ap/y" .Thus a static column of
one or multiple fluids can be used to measure pressure
difference between 2 points. Such a device is called

manometer




Hydr ostatic for ces on plane surface

Consider a plane panel of ~ arbitrary shape completely

submerged in aliquid.




If his the depth to any element area dA, the local pressure is:
P=Pgtyh
The total hydrostatic force on one side of the plane is given by:
F= IpdA = f{pﬂ +yh)d4 = p,A +}'Jhdﬂ
We also have: h = {sinf. After substitution, we get:
F=pA+y sin&f §dA = p,A +y sinf §cA

Since, heg = sinf &cg,

F = poA + yheoA = (pg +yhee)A = peA

il
It means, the force on one si@ plane submerged

surface in a uniform quLd @ he pressure at the plate
centroid times the plate @\ ependent of the shape of the
plate or angle 6. %’b

To bala@ gendi ngJmoment portion of the stress, the
resulﬁ@ e F acts not through the centroid but below it
to e high pressure side. Its line of action passes through

the centre of pressure Cp of the plate (Xcp, Ycp).










