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Fluid statics

Fluid Statics Examples

water surface

=
@
3
=]
oq
s
7
]
Q.
[}
=
v -
pressure
Pressure behind dams or gates
g PIGGYBACK
% &_ 3.'32""“65“ PLUG
o &\ L A FOSITION ﬁ!‘l’f%m —
ﬁ }/ﬂ?}'ﬂen
a - | LO;.':A'HON g - r““
-~ — TETHER
Lo W g m/,c\‘m
R\ FUVF %mm b
S WiseGEEK - —= %ﬁmevm FLOAT
Pressure vessels Buoyancy and floating

Lecture (2) - Fluid Mechanics | - 15t year - Mechanical Dept.




Fluid statics

Characteristics of Pressure (Pascal’s law)

_ 4
The pressure has the following three characteristics:
The pressure of a flvid always acts perpendicular to the wall in contact with the fluid.

1.
2. The values of the pressure acting at any point in a fluid at rest are equal regardless of its
o

direction.
Imagine a small wedge of fluid at rest of size Ax by Az by Asand ¢

depth b
z (up)
A

Element weight:
dW =pg (b Ax A7)

Width b into paper

In the limit as the fluid wedge shrinks to a “point,”” Az - 0
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Fluid statics

Hydraulic Press
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Car Jack - a Hydraulic System
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output force
=5000N

{lever and hydraulic press)
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lever advantage = effort armfload aom = 10 times
hydraulic advantage = outlet area/ inlet area= 5 times

total advantage =10x35 = 50 times
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Fluid statics
Pressure of Fluid at Rest
pdA—(p+@dzjdA—pgdAdz:0 d_p:_pg p +Eaigdz
dz dz Fd
Assume p is constant, the following equation ensues:
— dA

p:—pgde=—ng+C
p=pywhenz=z,s0 C=p,+ 002,
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Fluid statics

HH‘,»
||||P,”Hi'<‘i'

Pressure of Fluid at Rest

From the above relations illustrate two important principles of the
hydrostatic condition:

(1) There is no pressure change in the horizontal direction.
(2) There is a vertical change in pressure proportional to the density,

gravity, and depth change.

Liquid surface

(P = po)
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Solved Example

p =vh+ po

Example 1: Pressure of Fluid at Rest

Ib/ft?, Ib/in.2, and as a pressure head in feet of water.

= 721 + p, (Ib/ft2)

P2 = ?’HgDhHED +

Because of a leak in a buried gasoline storage tank, water has seeped in to the depth shown
= (0.68)(62.4 Ib/f*)(17 ft) + p,

in Fig. E2.1. If the specific gravity of the gasoline is SG = 0.68, determine the pressure at
the gasoline-water interface and at the bottom of the tank. Express the pressure in units of
21 = SG?’Hzoh + Po

Open
= (62.4 Ib/f)(3 ft) + 721 Ib/ft?
= 908 Ib/fi®

v =
- 17 ft
Gasoline
( 1) == P e L L L L L L T T W S e e T 3 ’ft
2) — ater t
Y
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Solved Example

”\ iy,
i

Example 2: Pressure of Fluid at Rest

Find the difference in pressure between two tubes under pressure

Pressure at surface o

P, = pogho + P, LAir ‘Air

Pressure at surface 2 _@_
p2 = pogho -I—,OogH1 -|—,0NgH2 + pa =l irci.surfucc
oz [, bl IES
o . f
Ap - p2 po oO 5 g Ol
Ap = p,gH, + py9H, l": =
1 Interface
3 L .. '1]:{; ‘.O
- .2 J o .
Nitric acid
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Fluid statics

Measurement of Pressure

Pressure Measuring

Devices
Manometer Mechanical Gauge
Simple Differential Bourdon Diaphragm  Bellows  Dead Weight
Manometer Manometer Tube Pressure  Pressure Pressure
Pressure Gauge Gauge Gauge
| Gauge
Piezometer U-tube Inclined Tube
Manometer Manometer
U-tube Inverted U-tube Micro
Differential Differential Manometer
Manometer Manometer
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Fluid statics

Measurement of Pressure

_11
Simple Manometer
A device which measures the fluid pressure by the height of a liquid

column is called a manometer.
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Fluid statics —¥

Measurement of Pressure

Differential Manometer

P v,
T
YL -Pm N
~f B é 1
Do) Nz @“‘“pm
p,— P, =(p—pn)9H
Pm isagas, - P, =(pn —p)aH,, H=Lsiho

pl_pzszg

Lecture (2) - Fluid Mechanics | - 15t year - Mechanical Dept.




Fluid statics —a )

Measurement of Pressure

Differential Manometer

Inclined-Tube Manometer

Pat vihy — valasin® — y3hy = pp
or

Pa — Pp = Y2losm@ + yihy — viiy ¥
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Fluid statics =

Measurement of Pressure

Elastic-type mechanical pressure gauge

Graduated

Toothed
segment

Bourdon
tube

Hair spring

|

Fluid pressure
to be measured

(a}
Measure pressure p A

Bourdon tube pressure gauge

D [ Pressure —= B8

c Diaphragm pressure gauge
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Fluid statics =

Measurement of Pressure

Absolute pressure and gauge pressure

gauge pressure = absolute pressure — atmospheric pressure

T
L -
e
52
g8
O a
1 atm Gauge pressure 0 2
o/ ' @
< 2
~— =t
s 2H < 8
@ = 2 =
S & 2 2
(=]
y— — g £
I 2 = <
o ’ -}
T & H 28
g 3 g g2
= O =B E‘
3 <
[

Perfect vacuum
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Solved Examples =

Example 3: Pressure of fluid at Rest

Pressure gage B is to

measure the pressure
at point A in a water SAE 0ol \@g&h
flow. If the pressure

at B is 87 kPa

/ Mercury \
estimate the pressure l \
 B— \

at A, in kPa. Assume

all fluids are at 20°cC. S5cm

. Water
See the following e —1 11 em
flgure. 4 em
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Solved Examples =

Example 3: Pressure of fluid at Rest
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Solved Examples =y

Example 3: Pressure of fluid at Rest

First list the specific weights from Table (A.1):
Vaater = 9790 N/m? Pmereury = 133,100 N/m? Yo = 8720 N/m’

Now proceed from A to B. calculating the pressure change in each fluid
and adding: p,—7,(A2), —7,(Az)y —7,(A2), = pg
p.— 0790 (v /m*))(=0.05(m))|- (133100 (7 /m*) )0.07 (m))]
(87207 1 m*))(0.06 ()| = 87000 Pa
where we replace N/m? by its shortname, Pa. The value Azy,= 0.07 m is

the net elevation change in the mercury (11 cm - 4 cm). Solving for the

pressure at point A, we obtain

p, =96351 Pa Ans.
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Quiz

Q (2)

The velocity profile is a laminar flow through a round pipe is expressed as, u =2 U[] - (rl / rﬂl):

Y
where /= average velocity, # = radius of pipe. Draw dimensionless shear stress profile (T / Ty,

against (F/rﬂ, ]where 7, 15 wall shear stress. Findz,, when oil flows with absolute viscosity

4 % 10-2 N.s/m? and velocity of 4 m/s in a pipe of diameter 150 mm.
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Homework

HW (2)

In the following figure all fluids are at 20°C. Determine

the pressure difference (Pa) between points A and B.

Kerosine N

Benzene

—

B

Mercury\‘

—Water
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