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1. Pressure and Fluid static

“* Pressure Is defined as a normal force exerted by a fluid per unit area. We speak
of pressure only when we deal with a gas or a liquid.

» Fluid static means fluid at rest. t‘ g

~ 3~ 150 pounds \'I 300 pounds

» At rest, there Is no shear stresses, the only force
IS the normal force du to pressure Is present.

> P = g, Units are: N/m? (pa) , Ibs/ft? (psf), Ibs/in?
(pSI) P = 3 psi P = 6 psi
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Absolute and gauge pressure

“* Atmospheric pressure: it is the force ﬁer unit area excreted by the weight
of air above the surface In the atmosphere of earth, it Is also called the

barometric pressure.

“* Gauge pressure: it Is the pressure, measured with the help of pressure
measuring instruments in which the atmospheric pressure is taken as datum
(reference in which measurements are made).

“» Absolute pressure: it Is the pressure equal to the sum of atmospheric
pressure and the gauge pressure, or If we measure pressure relative to the
absolute (vacuum) we can call it absolute pressure.

“» Vacuum pressure: If the pressure is below the atmospheric pressure we call it
vacuum.



Absolute

vacuum

‘pahh- =0

Absolute

vacuum

In thermodynamic relations and tables, absolute pressure Is almost always used.
Throughout this text, the pressure P will denote absolute pressure unless
specified otherwise. Often the letters “a” (for absolute pressure) and “g” (for
gage pressure) are added to pressure units (such as psia and psig) to clarify what

IS meant.



Example

Absolute Pressure of a Vacuum Chamber

A vacuum gage connected to a chamber reads 5.8 psi at a location where the Atmospheric
pressure is 14.5 psi. Determine the absolute pressure in the chamber?

Solution

The gage pressure of a vacuum chamber is given. The absolute pressure in the chamber is
to be determined.
Analysis The absolute pressure Is easily determined from Eq.

Paps = Patm — Byac =8.7 psi
Discussion Note that the /ocal/value of the atmospheric pressure is used when determining
the absolute pressure.



2. Fluid static

s Two important principle about pressure were described by Basel
Pascal ,a seventeenth-century scientist:

1. Pressure act uniformly in all direction on a small volume of a fluid.

2. In a fluid confined by a solid boundaries, pressure act perpendicular
to the boundary.




Direction of fluid pressure on boundaries
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3. Hydrostatic elements

Axiom hydrostatics : _

¢ Hydromechanical pressure (for liquid — hydrostatic) or simply pressure is the
force compressing the liquid per unit area.




4. Hydromechanical pressure properties

* In a liquid In resistance, the force of hydromechanical pressure Is
directional internal normal to the site to which it is applied for Equilibrium
liquid needed:




5. Pressure at a Point: Pascal’s Law

<+ Pressure 1s the normal force per unit area at a given point
acting on a given plane within a fluid mass of interest.

Blais Pacal(3—1)
¢ How does the pressure at a point vary with orientation of the
plane passing through the point?

Pressure Forces V

Gravity Force "/’;—!\" / Wedged Shaped Fluid
\ Mass

p is average pressure in the x, y, and z direction.

y || Ps is the average presgure on the surface

0 is the plane inclination

oy d is the length is each goordinate direction, X, y, z
V = (1/28ydz)*dx .
Sx vz ds is the length of the plane
X Y = P, ox 5y . g .
2 v is the specific weight




Pressure at a Point: Pascal’s Law

*» For simplicity in our Free Body Diagram, the x-pressure forces cancel
and do not need to be shown. Thus to arrive at our solution we balance only

h nd z forces: g
t e y a d O Ces SIESEUIE [Foute Pressure Force Elgtli?)rk:?r?)t/he -
in the y-direction on the plane in direction ’
on the y-face D
N the y-direction \
_ \4 ) \ . ox oy 6z
z F.=p 6xdz — p,oxossinfl = p > a,
1 o ox Oy 0z ox Oy oz
2 F.=p,oxdy — p,oxdscosf) — vy 5 =p 5 a.
/ 1 7
/ / ; /
Pressure Force Pressure Force _ Rigid body
in the z-direction in the plane in Weight of the motion in the z-
on the z-face the z-direction Wedge direction

** Now, we can simplify each equation in each direction, noting that dy and
dz can be rewritten in terms of ds:

Ay = o5 cos 0 Oz = ds sin



Pressure at a Point: Pascal’s Law

¢ Substituting and rewriting the equations of motion, we obtain:

oy
Py — Py = pay—-
Math | " 2
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0Z

fa—m=@¢+ﬂ5-

** Now, noting that we are really interested at point only, we
let dy and dz go to zero:

Py = Ps P: = Ps

%+ Pascal’s Law: the pressure at a point in a fluid at rest, or in motion, Is
Independent of the direction as long as there are no shearing stresses present.


Presspt.htm

Pressure at a Point: Pascal’s Law
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** Note: In dynamic system subject to shear, the normal stress representing the
pressure In the fluid is not necessarily the same in all directions. In such a case the
pressure Is taken as the average of the three directions.



6. Pressure Field Equations

¢ How does the pressure vary in a fluid or from point to point when no
shear stresses are present?

Consider a Small Fluid Element

p is pressure

Surface Forces v is specific weight

!

Taylor Series

Body Forces

l V = 0ydzoX
For simplicity the x-direction surface forces are not shown




Pressure Field Equations

¢ Looking at the resultant surface forces in the y-direction:
oF, = (;:r — %%} ox dz — (p + %%} Ox 67

- P oo
oF, = ———ox oy oz

ay

» Similarly, looking at the resultant surface forces in the x and z-direction,
we obtain:

o fi‘;) o L ﬂ:"} X
oF, = e ox oy 0z oF, = - Ox Oy 07
X ' (e

EXxpressing these results in vector form:

S5F, = 8F i+ 6F,j + 6Fk

AP - ) A AP -
oF, = —(ii + ij + 1 k)ﬁ.x Sy 8z

ix ay Az




Pressure Field Equations

*» Now, we note by definition, the “del” operator or gradient Is the
following:

v( J:ﬂ( )'ih-i-;“[ )i‘_”(}ﬁ

Ax dy dz

ap~ dp . dp A

Then, —it+t—j+—k=Vp

ax dy dz

“* Now, rewriting the surface force equation, we obtain the following:

5F,
ox Oy bz

—Vp

“* Now, we return the body forces, and we will only consider weight:

—8Wk = —y 8x 8y 6z k




Pressure Field Equations

+» Use Newton’s Second Law to Sum the Forces for a Fluid Element:

2 oF = om a

«»» dm Is the mass of the fluid element, and a Is acceleration.

¢ Then summing the surface forces and the body forces:

/

om

¥

S, oF = oF, — 6Wk =Gma

—Vp dx 8y bz — ybxdydzk = p bx by bz a

i “M
—Vp — vk =pa for

pst General Form”
No Shear




/. Hydrostatic Condition: a=0

—‘F;:—-—"}fﬁzl%l =D | Vp + yk = 0
v

0

¢ Writing out the individual vector components:

ap ap ap
Poo Lo Z-_,

ox dy 0z

¢ This leads to the conclusion that for liquids or gases at rest, the
pressure gradient in the vertical direction at any point in fluid
depends only on the specific weight of the fluid at that point. The

pressure does not depend on x ory.

— Y Hydrostatic Equation




Question
1) give a definition: Atmospheric pressure, Gauge pressure, Absolute pressure and Vacuum
pressure?
2) How can you find out from the formula and graph of the pressure gauge and vacuum
pressure?
3) Two important principles of pressure were described by Basel Pascal: What is fluid
statics?
4) How does the pressure at a point vary with orientation of the plane passing through the
point?
5) How does the pressure vary in a fluid or from point to point when no shear stresses are
present?



