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CHAPTER 13
(Static Fluids) 4dstal) g gal)

The Mechanics of Nonviscous Fluids

105 PHYS Dr. Abdallah M. Azzeer

Bolll (ASdus) Jorlye Y6 S
B8 98 o (B ¢ (LydS) paranlly JKEI e Jadlow : Solid duball .1
{rors cﬁg hao ‘”si ‘a_gm_g e o> (73] 0353 ‘éi & g9l sli)"l S b‘\g ol K Y Liquid Sl 2

Dl duts lgh aibs leled dlidd Jy caned Lg) U S 35U Y 5T WS dume S g yud : Gas HWI1.3

3uoee Ml Jsiiyg CleudVI Ao Lgiyads jeals I 3lgall b Fluids adlgall CByas

LIQUID

105 PHYS Dr. Abdallah M. Azzeer

Dr. Abdallah M. Azzeer



105 PHYS — CH13_Fluids

Dr. Abdallah M.

Fluids present
» Weather & climate
» Vehicles: automobiles, trains, ships, and planes, etc.
» Environment
»> Physiology and medicine
» Sports & recreation
» Many other examples!

> Weather & climate

Tornadoes Hurricanes Global Climate Thunderstorm
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Vehicles

Environment
High-speed rail A

Air pollution
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Physiology and Medicine Sports & Recreation
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Density and Pressure
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TABLE  Some Densities
Material or Object Density (kg/m?3)
A3y anxh
Saal Ralalt
(kg/m3)} (kg/m?) Interstellar space 1020
7 (4 °C) 1D 7.1 = Best laboratory vacuum 1017
- . ’:“‘!&
= Air: 20°C and 1 atm pressure 1.21
6.1 | (0°C) else¥ 9.1 Sl 20°C and 50 atm 60.5
14 |25 °C) asd 11| sdam Styofoam: 1x102
: = 0.917 x 102
16 |25 °C) iy 20 sl Water: 20°C and 1 atm 0.998 x 10°
20 T a5 =i 20°C and 50 atm 1.000 x 10°
- Seawater: 20°C and 1 atm 1.024 x 10°
5-5.5 |15 °C) sl =) | 6.5-7.8 | pabua b Whole blood 1.060 x 10°
27 |15 °C) ez 56 = Iron 7.9x10°
Mercury (the metal) 13.6 x 10°
0.21 ulalt = 3y gl Earth: average 5.5x 103
core 9.5x 103
crust 2.8x10%
Sun: average 1.4x 103
core 1.6 x 10°
White dwarf star (core) 1010
Uranium nucleus 3x10"7
Neutron star (core) 1018
Black hole (1 solar mass) 1019
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Sollds Liquids Gases

(0.0°C) (00°C) (0.0°C, 101.3 kPa)

Substance Pﬂlﬂ*ﬂ’) Substance ,,lwm—‘, Substance ‘,(gl,,..ﬁ)
Aluminum 270% 10* Benzene 879% 10° Air 1.29% 109
Bone 1.90x 10*  Blood 105 10¢  Carbon dioxide 1.98 % 10°
Brass s4d4x 10 Ethylalcohol  gogx jo  Carbon monoxide )25 1o
Concrete 240x 107  Gasoline 680x10°  Helium 1.80x 107!
Copper 892x 107 Glycern 126x 107  Hydrogen 9.00% 1072
Cork 240% 108 Mercury 1.36x 10%  Methane 7.20% 1072
Eamh'scrust 3395 107  Olveol 920x10°  Niogen 1.25% 10%
Glass 260% 10° Nitrous oxide 1.98x 10°
Gold 193 107 Oxygen 1.43% 109
Granite 270 10°

fron 7.86% 107

Lead 113 % 107

Oak 7.10% 10°

Pine 373x 10°

Platnum 2.14% 10

Polystyrene 100x 10°

Tungsien 193 % 107

Uranlum 187 % 107 Densities of Some Common Substances
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water
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What do you think would happen to the RD>1 Sinkin the water

substance in the water dependenton SG? RD <1 Float on the surface
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13 p, =1527 kg/m® 3 p, = 874 kg/m® 3V, =0.22V, 3 V, = 0.78V, s gisy

p=1017.7 kg/m®
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Pressure

F
p= A (pressure of uniform force on flat area)

»> F is the magnitude of the normal force on area A.
> The SI unit of pressure is N/m?, called the pascal (Pa).
» The tire pressure of cars are in kilopascals.

units : 1 atm = 1.013 x10° Pa
1N/m2=1 Pa (Pascal) =76 cm Hg

1bar =10°Pa =1013 mbar

1 mbar = 102 Pa = 760 Torr

1torr = 133.3Pa =14.7 Ib/m? (=PSI)

» The torr (named for Evangelista Torricelli, who invented the mercury

barometer) is equal to 1 mm of Hg.

105 PHYS Dr. Abdallah M. Azzeer
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TABLE  Some Pressures

. ___________________________________________________________|
Pressure (Pa)

Center of the Sun 2x 1016
Center of Earth 4 x 10"
Highest sustained laboratory pressure 1.5x 10"
Deepest ocean trench (bottom) 1.1x 108
Spike heels on a dance floor 1x108
Automobile tire? 2x 105
Atmosphere at sea level 1.0x 108
Normal blood pressure® 1.6 x 10*
Best laboratory vacuum 10-12

2 Pressure in excess of atmospheric pressure.
5 The systolic pressure, corresponding to 120 torr on the physician's pressure gauge.

105 PHYS Dr. Abdallah M. Azzeer

[EXamprE;
Aliving room has floor dimensions of 3.5 m and 4.2 m and a height of 2.4 m.
(a) What does the air in the room weigh when the air pressure is 1.0 atm?

(b) What is the magnitude of the atmosphere's force on the floor of the room?

SOLUTION:

mg =(pV )g (Usep of air from Table )
=(1.21kg/m>) (3.5m x 42m x 2.4m)(9.8m/s* )=418 N ~420 N

This is the weight of about 110 cans of soda.

1.01 x 105 N /m?)
1.0 atm

(b) F=pA=(1.0atm)[ ](3.5m)(4.2m)=1.5x106N

This enormous force is equal to the weight of the column of air that covers the
floor and extends all the way to the top of the atmosphere.

( Need to understand the Kinetic Theory of gases)
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Pressure of a Fluids

e What parameters do we use to describe fluids?
e Matter can exert the same force in all directions.
e The ratio of the force exerted to the area is the pressure.

n
A

e |t’s a scalar, not a vector Spouting can Water
\ /H0|93 for jets

i

Weakest jet
==

[
Strongest jel
- = gest )

Pressure increases with depth

105 PHYS Dr. Abdallah M. Azzeer

e Examine the area at the
bottom of fluid

— |t has a cross-sectional area A

— Extends to a depth h below
the surface

e Force act on the region is the A
weight of fluid V=Ah

m Vi Ah
p="E_LVE g _ oy,

105 PHYS Dr. Abdallah M. Azzeer
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Pressure and Depth equation

2006 Bronkscos - Trorsan

e P_is normal atmospheric pressure
— 1.013 x 10°Pa = 14.7 Ib/in% (psi)
e The pressure does not depend upon the shape of the container

105 PHYS Dr. Abdallah M. Azzeer

Fluids at Rest
y
F,=F;+mg Air F; y=0 &
F,=P,A and F,=P,A Water A
}‘1—:———— ————Level 1. p;
P,A=P,A+p gAh i I Sample
S '“7;‘;— ——_;—J Level 2, p, m?
F
()
v
»> 1If we choose P,=P,and h=y;-y,then we get
Air py Level 1 [¥=0
P=P,+pgh (pressure atdepth h) Liquid T
> The pressure at a point in a fluid in static h
equilibrium depends on the depth of that point but p_l AAAAAAAAAA Level 2

not on any horizontal dimension of the fluid or its
container.

» Pis the absolute pressure, P, is the atmospheric —
Pressute, =y P P=P,+pgh
pressure and ( P-P,) is the gauge pressure.

105 PHYS Dr. Abdallah M. Azzeer

Dr. Abdallah M. Azzeer



105 PHYS — CH13_Fluids

m Finding absolute and gauge pressures

Water stands 12.0 m deep in a storage tank whose top is open to  EXECUTE: From the pressures are
the atmosphere. What are the absolute and gauge pressures at the

; h absolute:
bottom of the tank?

P =po+ pgh

| soLuTION | = (1.01 % 10° Pa) + (1000 kg/m*)(9.80 m/s*)(12.0 m)
_ S _ ’ _a1@ )

IDENTIFY and SET UP: Table indicates that water is nearly = 2.19 % 10° Pa = 2.16 atm = 318 Ib/in.

incompressible, so we can treat it as having uniform density. The  gauge: p — py = (2.19 — 1.01) > 105 Pa

level of the top of the tank corresponds to point 2 in Fig. 12.5, and = 1.18 X 10° Pa = 1.16 atm = 17.1 Ib/in.2

the level of the bottom of the tank corresponds to point 1. Our tar- ’ : o : .

get variable is p in Eq. (12.6). We have h = 120 m and py =  EUALUATE: A pressure gauge at the bottom of such a tank would proba-
1 atm = 1.01 X 10° Pa bly be calibrated to read gauge pressure rather than absolute pressure.
—

105 PHYS Dr. Abdallah M. Azzeer

Example ;

The U-tube in Figure contains two liquids in static equilibrium: Water of density p,, (= 998 kg/m?) is in the
right arm, and oil of unknown density p, is in the left. Measurement gives / = 135 mm and d = 12.3 mm.
What is the density of the oil?

SOLUTION:
We equate the pressure in the two arms

at the level of the interface :

Pyt = po+pyw gl (right arm )

Pyt = po+px g(l+d) (left arm)
135 mm

— 2 _915kg/m?
135mm +12.3 mm

1 3
= ——=(998 kg /
Px=Pw I+d ( g/ m”)

105 PHYS . Abdallah M.A
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The Mercury Barometer

0
5
—p=0
p=0-~ -~ "
- X\
Level 2 . [ :
l ® ]
h > ‘\:‘ [ =4
Po o, ~J I—' [\
Level 1 "\ poj{ } 1
|
{a) b)

Po=pgh

For normal atmospheric pressure, h is 76 cm Hg.

105 PHYS Dr. Abdallah M. Azzeer

The Open Tube Manometer

» The gauge pressure is the difference between the

absolute pressure and the atmospheric pressure.

Pg=PA—Po=pPgh

* The gauge pressure is directly proportional to h. It
can be positive or negative depending on whether the
absolute pressure is greater or less than the

atmospheric pressure.

*  We can suck fluids up a straw because at that time
the absolute pressure in the lungs is less than the

atmospheric pressure.

105 PHYS Dr. Abdallah M. Azzeer
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Two types of pressure gauge

e Figure below shows two types of gauges for measuring pressure.

(a) Open-tube manometer (b) Mercury barometer

Po = Pam There is a near-vacuum-+.., po=0
\3 at the top of the tube ff:\

— ¥,

N B
T'he height to
which the

h=y,—¥ mercury rises
depends on the

atmospheric

I ‘ pressure exerted

= . h=y,—v¥
Pressure p Y2 L2 on the mercury
v, . ;
ik in the dish.

B

L P = Pam

Pt pgy v, o Pum T PE

The pressure is the same at
the bottoms of the two tubes.

105 PHYS Dr. Abdallah M. Azzeer

Example ;

Estimate the force exerted on your eardrum due to the water above when you are swimming at the
bottom of the pool with a depth 5.0 m.

We first need to find out the pressure difference that is being exerted on the eardrum. Then
estimate the area of the eardrum to find out the force exerted on the eardrum.

Since the outward pressure in the middle of the eardrum is the same as normal air pressure

P—-P=p,gh=1000 x9.8x5.0=4.9x10"Pa

Estimating the surface area of the eardrum at 1.0cm2=1.0x10 m2, we obtain

F=(P—P)A~49x10*x1.0x10* ~4.9N

105 PHYS Dr. Abdallah M. Azzeer
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(2-6) JGa
ngmtdusgks_-dd_‘.ii.__kal.);.mch“;;: 1000 m sl 3ae M a5 o) aulaiidi dal g2
GH NSy 1.3 gm / em’ Jaraall fla 8BS 5 35 ) as 76 Jolay g sl Jaiall LS 13 o )

.13.6 gm/cm’
Jall
gl 530 lall 3 gae Jaia 4l Ciliiae (5 gall Jaiaall e 3 ke dual gall Alaadi () aaliids Jaiiia gl

.1000 m

(g sl laiall e 1Y

Py =pie g hy = 13.6 x 1000 x 9.8 x 0.76 = 1.013 x10° N/m’
selall 3 gee Jariaa Cilies (LG

P,=pygh =1.3x 1000 x 9.8 x 1000 = 1.274 x 10’ N/m’
PPy e S sane b MK Ll 5 S
P=P,+P1=1284x10" N/m’

105 PHYS Dr. Abdallah M. Azzeer

Pascal’s law

e Pascal’s law. Pressure applied to an A small force is applied to a small piston.

enclosed fluid is transmitted Because the pressure p is the
i same at all points P

B B
S =

undiminished to every portion of the

ata given & 3
fluid and the walls of the containing ~ :  heightin d
i the fluid ... =
vessel. p
: : - L F ] i
* The hydraulic press is an important % F,
: y
application of Pascal’s Principle
A
PA;
.'w

* Also used in hydraulic brakes,

=

forklifts, car lifts, etc ... a piston of larger area at the same
height experiences a larger force.

105 PHYS Dr. Abdallah M. Azzeer
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L .30 cm lakd &S, 508 Aad) g5 o dluie 3 22500 kg kS diald ad 5
$llia oyl Jaia Loy 10 om U ylad SIS 13 5 a1 £ 1,0 e Lghada o U 5 48

1(0.05 m)’

5> (22500 N)=2500 N
m(0.15m)

A
= F, = (-2)F, =
2 {Al)l

LS, Cu ) s dan g a8 225 kg ABS ()9 Jalad 5.gall 228

py=t2- 250N __; 18510 Pa
A, 7(0.05 m)
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150 cm? $stud p2)Yl go uads dluns 4 5] 9 bl daal e (Soluidly didew Byl 09 O 13!

(1 bar = 10° Pa) §8)bed! &175@&5 1.8 bar gslu whbYl § (Gauge Pressure) okl laisallg

A= 150 cm? ; P;=1.8 bar=1.8x10° Pa

39 g e Bgan Hlb] S 08 o] dayyl Bylead] O E>

Soluw o] 5 e W larall 0550 JWby 8yl

P=F/A=Mg/A
Sl Ayl ChbYI (S e @l lasally
P=Mg/4A
. M= 4PA/g = 4(1.8x105)(150x10)/9.8 = 1102 kg
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Calculating Force on Wheel Cylinders: Pascal Puts on the Brakes

Consider the automobile hydraulic system shown in Figure 14.18. Suppose a force of 100 N is applied to the
brake pedal, which acts on the pedal cylinder (acting as a “master” cylinder) through a lever. A force of 500 N
is exerted on the pedal cylinder. Pressure created in the pedal cylinder is transmitted to the four wheel cylinders.
The pedal cylinder has a diameter of 0.500 cm and each wheel cylinder has a diameter of 2.50 cm. Calculate the
magnitude of the force F, created at each of the wheel cylinders.

// pedal LA

‘?P“Lyf_[ e~
/T. o . A [’ A L

; /A PR N
‘;ﬁ/ ~ 1 \ \\
‘ e | \\
™ ..-//
N &

Figure 14 18 Hydraulic brakes use Pascal's principle. The driver pushes the brake pedal, exerting a force
that is increased by the simple lever and again by the hydraulic system. Each of the identical wheel cylinders
teceives the same pressure and, therefore, creates the same force output Fy . The circular cross-sectional areas

of the pedal and wheel cylinders are represented by A; and A, respectively.

105 PHYS Dr. Abdallah M. Azzeer

We are given the force F| applied to the pedal cylinder. The cross-sectional areas A and A, can be calculated

from their given diameters. Then we can use the following relationship to find the force F,:

B o5
AI _Az.

Manipulate this algebraically to get F, on one side and substitute known values.

Solution
SR . . - o Fl F'w
Pascal’s principle applied to hydraulic systems is given by — = -
1 2
A,y nry
P = A=

)
o) y
= (.25em)” . 550N = 1.25% 10* N.

(0.250 cm)~

105 PHYS
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Fluid flow

» Main difference between a moving fluid and a static fluid is that a moving fluid exerts a

force parallel to a surface.

\%

Steady flow — velocity of fluid “particles” constant as time passes (laminar).
> Unsteady flow — the velocity at a point changes as time passes.

«» Turbulent flow - extreme kind of unsteady flow. The velocity changes erratically from

moment to moment both in time and direction.

Fluid flow can be compressible or incompressible.
*  Most liquids virtually incompressible.
*  Most gases are compressible.

(certain situations can be treated as incompressible)

Fluid Flow can be viscous or nonviscous. Vortex shedding behind cylinder
*  Viscous (has large viscosity).
«  Water is less viscous (low viscosity) and flows more readily.

Ideal Fluid is incompressible and nonviscous

105 PHYS Dr. Abdallah M. Azzeer

Fluid flow can be rotational or irrotational

Centre
Particle ’ ol ll ::‘ Particle ; |
Velocties — _¥_ Velocities ; 7¥T
Bank
Rotational Irrotational

¢ Rotational flow occurs when fluid has a rotational as well as a translational

motion.

Streamlines

e Streamlines — used in steady fluid flow to represent the trajectories of the

fluid particles

105 PHYS Dr. Abdallah M. Azzeer
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Fluids in Motion

The Equation of Continuity
AV = Alvl At = A2V2 At

Aqvi=A,v, (equation of continuity) |

> The quantity Qis the volume flow rate (volume per unit time). The SI unit is
md/s.

» 1If the density of the fluid is uniform, the mass flow rate Q,, (mass per unit
time) is constant.
O =p0 =p Av = constant (mass flow rate)

e The SI unit of Q is kg/s
105 PHYS Dr. Abdallah M. Azzeer

Example

The cross-sectional area A, of the aorta (the major blood vessel emerging from the heart) of a
normal resting person is 3 cm?, and the speed v, of the blood through it is 30 cm/s. A typical
capillary (diameter ~ 6 m) has a cross-sectional area A of 3 x 107 cm? and a flow speed v of

0.05 cm/s. How many capillaries does such a person have?

Agvg = nAv

n_onﬂ_ (3cm2)(300m/s)
Av  (3x10" em? )(0.05¢cm /s)

=6 x10° or 6 billion

The combined cross-sectional area of the capillaries is

about 600 times the cross-sectional area of the aorta.

105 PHYS Dr. Abdallah M. Azzeer
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MUFLJM‘ Méblc&iﬁﬂ\,‘}@w&&udw4 szwﬂbl.«mjw‘}ngw| S
W‘b ¢1.6cm o_).]a:‘)
gl cpe domy ) sladl de s (i) Lo g Lg cloll de i (i)

Q=VviA; =VA;
6/(10° x 60) m’/s = v, x (4/10% =v, (3.142) (1.6/10%)?
@@ v,= 0.250 m/s
(i) v,= 0.124 m/s

¢ 1.5x10° Pa $sluy o9l phaw Jawl 4.8 M Gos Jie aaall 0513 ¢ 6 m dies d>lbow (o9
( Pwater =1000 kg/m3) sl aSLiSQL Lole

P=P tTrgd
1.5 x 105 Pa =P, + (1000)(9.8)(4.8) Pa
P, =P, +(1000) (9.8) (6) Pa
(i) P, = 1.0296 105 Pa (i) P, = 1.617 10° Pa.
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2.5 m/s W)lude ds s 6 MM Il 0ykad Casai ds)ie J oo slodl G
10 m/s ds sl e §I M1 douid ylad Ciual 090 Of cam o5 (1)
[1L=103m3] 34L dawslegsdol p)WI ol sl (2)

(1)

r,=6mm;v,=25m/s

ry="? sV, =10m/s — =
= (2 = /V = [2.5 m/s _
Av,=Ayv, = (7zr1 )v 1—(7zr2 )v2 = v—:—(G mm) T 3 mm

108 R=AV 98 0Ll Juas Of Eo> (2)

R=Ay =(zr/W =(2.5)[7(6x107)*| =5.65x10" m’/s

R=A,V, o Al judd Je Jgaxdl oS galall

1L=103m3 ol Cusy

.. R=5.65x10%x103 L/s = 0.565 L/s
_ 34L
~ 0.565 L/s

= 60 s =1 min o) J) glise Gl 34 | diaw sleg ¢
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Example;

Figure shows how the stream of water emerging from a faucet “necks down” as it falls. The indicated

cross-sectional areas are A, = 1.2 cm? and A = 0.35 cm?. The two levels are separated by a vertical
distance h = 45 mm. What is the volume flow rate from the tap?

Agvg = Av o 2 =v02+2gh ! L m——

2gh A2 |
Yo=4"2 2 ! ‘.
T

= (2)(9.8m /s*)(0.045m )(0.35 cm® )* p

| I3
(1.2 cm? )? = (0.35 cm? )2 | A4 8
=0.286m/s=28.6cm /s

The volume flow rate is :

0, = Aygvg=(1.2cm2)(28.6cm/s)=34cm> /s

105 PHYS Dr. Abdallah M. Azzeer

Ideal Fluids

» Laminar Flow

“*No turbulence

> Non-viscous

<*No friction between fluid layers
> Incompressible

< Density is same everywhere

»
T P T T P TP T 2 )

turbulent flow

laminar flow

105 PHYS
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Bernoulli’s Equation
y
1.2 1 2 f——r—
P1t3PV1 tP&YV1I=P2t5PV2 tP&)2 —-
p+ %p v2+ pgy=aconstant (Bernoulli's equation) ) )
1
T:pl ¢
y, Input
X
e Ify =y, then @
1 2 1 2
P1t5PV1 =P2+5PV2 y
2
¢ If the speed of a fluid element increases as it -
travels along a horizontal streamline, the P2 T
pressure of the fluid must decrease, and Output
= ¥z
conversely. g t+ At i
e Large speed means small pressure. %

105 PHYS Dr. Abdallah M. Azzeer
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Proof of Bernoulli’s Equation

«  Work done on system = (K.E. + P. E.) gained

»  Work done on system at p,=FAx, =pAAx, =pAV
*  Work done by system at P, = pzA 2A Xy, =D,y AV

- AV=AAx =A,Ax,

* Net work done on system = ( D= pz) AV

+ Net K.E. gained = 1ip (v22 — Vlz) AV

» Net P.E. gained = P& (yz — yl)

¢ Therefore,
} | 2 Fp o — 1 v 2
pl 2‘)1 a)’l pl p 2 g.)’z

105 PHYS Dr. Abdallah M. Azzeer
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Example

Ethanol of density 0 = 791 kg/m? flows smoothly through a horizontal pipe that tapers in cross-sectional
area from A, = 1.20 x 10® m? to A, = A,/ 2. The pressure difference between the wide and narrow
sections of pipe is 4120 Pa. What is the volume flow rate Q,, of the ethanol?

0, =vidy =v 45
2 2
PI+ 3PV +PEY= P2+ PVI+PEY
v1=& and v2=&=LQ"
4 4 4
P +%PV1 =P2+%P"2

= 2 2(p—p2)
2(ps P2)=v§_vl2=3Qv 0, =A; [ 2L=PY)

p A 3p

The lower speed v, means that p, is greater, we have :

Q =120 x 10_3 m2 M (&) Time { + At
= (3)(191kg /m*)

105 PHYS Dr. Abdallah M. Azzeer

Deflection force
Faster air,

lower pressure

C—— & y
k.ih% v . : Spinning ba
47
g i
- E
= g -
/\_/ Slower air, ) —— .
higher pressure v
(@) Without spin (b) With spin 5

These views of a baseball are from above, looking down toward the ground, with the
ball moving to the right. (a) Without spin, the ball does not curve to either side. (b) A
spinning ball curves in the direction of the deflection force. (c) The spin in part b

causes the ball to curves as shown here.

105 PHYS Dr. Abdallah M.
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Torricelli’s equation

A tank is open to atmosphere at the top. What is the velocity of the liquid leaving the pipe at the

bottom (assume ideal fluid).

Apply Bernoullis equation

P, + pgh, + %pv,2 = P, + pgh, + Y%pv,?
Since at (1) and 2) P, =P, =P, | b |

pgh, + ¥%pv,? = pgh, + Vspv,? dividing by density and
since h,—h; =h

vi2=v,?+2gh
If rate of fall of surface very slow can set v, = 0.

V] =4 12 gh Torricelli’s equation

105 PHYS Dr. Abdallah M. Azzeer

Venturi Tube - application of Bernoullis equation to measure fluid flow

*  Fluid flows through different cross sectional
areas in different portions of the tube.
e As tube narrows (2), velocity of fluid increases

thus dropping pressure

* Velocity of the fluid can be found by
measuring the pressure

Apply Bernoulli’s equation to points at the same height in the flow stream just
below the columns.

1 1
Pl + ?pV% = P2 + ?pV%
From the continuity equation: A;vi=A,v, So: v, =—Lv

1
Hence, P, -P,=_pv}|=L_

Thus measuring P,-P, and a knowledge of the areas determines v,

v, can then be found from the continuity equation

105 PHYS Dr. Abdallah M. Azzeer
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Example

Water circulates throughout a house in a hot-water heating system. If the water is pumped at a speed of
0.5 m/s through a 4.0 cm diameter pipe in the basement under a pressure of 3.0 atm, what will be the
flow speed and pressure in a 2.6 cm diameter pipe on the second 5.0 m above? Assume the pipes do not
divide into branches.

Using the equation of continuity, flow speed on the second floor is
_ﬂ_ ”rlzvl = (0.020
=0.5x

v = e S
—, mry} 0.013

2
) =12m/s

Using Bernoulli’s equation, the pressure in the pipe on the second floor is
1
P =5 +5p(v12—v22)+pg(yl _yz)
=3.0x10’° +%1x103 (0.5 =1.2%)+1x10°x9.8x(=5)

=25x10°N /m?

105 PHYS Dr. Abdallah M. Azzeer

Example Vascular/Heart Flutter

If artery area A, is reduced by factor of 5 (A, = 1/5 A,) what is the effect on the arterial blood
pressure? (Blood density 1060 kgm= , person lying down, velocity in a healthy artery is

0.3ms™).

VL -P

F th tinuit tion:
rom the continuity equation 1 P}_,Vz 1

A -1 i L2 Vi
v, = — v, =5v, =5(0.3ms ™) =1.5ms A

2

Applying Bernoulli’s equation (y; = y, since horizontal)
P, + Yipv,? = P, + Yipv,?

Pressure difference = P, - P, = Y5p(v,? - v,%)
= %(1060kgm3)(0.32 — 1.5%) = -1145 Pa

105 PHYS Dr. Abdallah M. Azzeer
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Applications of Bernoullis equation

Aortic Aneurysm:
Opposite effect to heart flutter:

The blood will travel more slowly through the
aneurysm thus increasing pressure.

P, + Yipv 2 = P, + Yipv,?

Air wing designed so that air velocity above
wing faster than below.

Hence above wing has lower pressure thus get

lift.
e
/_—__—\\
R e ey Angle of attack
_—A——’___—___—“_“-
———
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The Flight of Animals and Aeroplanes
e A full discussion requires a combination of elaborate
mathematics and experimental data
e Bernoulli's equation can derive some qualitative
results about flying.
e Note air around plane disturbed only briefly. Not
steady state. To person on plane airflow around wing

approx. steady state. Hence take coordinate frame at

rest relative to plane.

105 PHYS Dr. Abdallah
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Applying Bernoulli above & below the wing
Since v, > v, then the pressure P, <P,

Note the pgh terms can be ignored because the wing is thin.

From Bernoullis equation can write: F
1 2 2
Pb _Pa zip(va _Vb)
Multiplying by Area can get the
lift force Fy,
1 /_\

FL:A(Pb_Pa):AEp(V:_Vi) //_‘_——:_\——\\
e,
— =

Note v, and v, are proportional to the air velocity v and this equation can be

rewritten in terms of a proportionality factor C, called the lift coefficient
(which is dimensionless)

= =ACL%,DV2
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3

&

105

[5 pts] Some animals have learned to take advantage of the Bernoulli effect without
having read a fluid mechanics book. For example. a ty

the back door is greater than ¥, because of the mound. Assume the air velocity across

the back door 1s 1.1 ¥, For a wind speed of 5 m/s. what pressure difference (in SI units)

is generated to provide a puff of fresh air?

v 1.07%,
—_—

m

T

FIGURE P3.20

(5 marks)Prairie dogs build networks of underground burrows to house their family groups.
Some sections of burrows are up to 10m in length for which diffusion is too slow to maintain
sufficient levels of oxygen inside the tunnel. In order to ventilate the burrows the praire dogs
apply Bernoull’'s principle to the burrow design and build one entrance higher than the other.
Wind speed increases with altitude and thus the mound causes an increased velocity as depicted
in the figure below. For a wind velocity of V= 6m/s:

a) Calculate the pressure drop across the two entrances. (3 marks)
b) What is the circulation direction? With your answer, include a picture depicting the direction
and lowest/highest pressure points. (2 marks)

PHY!
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cal prairie dog burrow contains
two entrances—a flat front door. and a mounded back door as shown in the figure below.
When the wind blows with Velocity ; across the front door. the average velocity across

Ventilation in “Prairie Dog Town” &
in chimneys etc.
Py + (2p(v)* =Py + (p(vy)? ()
“Where v is high, P is low, where v is
low’ P "s high. ”» FIGURE 10-27 Bemnoulli’s

principle is responsible for air flow
in underground burrows.

V(e

Wind

= Air is forced to
circulate! Lo P

Hiot ©, Lod
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