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105 PHYS

The Mechanics of Nonviscous Fluids

CHAPTER 13

(Static Fluids)الموائع الساكنة 

105 PHYS

كة(هناك ثلاث مراحل  ᡨᣂللمادة) مش:

ة) تقᘘᗫᖁا(ᘌحافظ عᣢ الشᜓل والحجم :     Solidالصلᘘة . 1 ᢕᣂتحت قوى كب ᡨᣎح ،.

ᡧ وتقاوم أي ضغط ᘍقع علی. لا شᜓل ثاᗷت:   Liquidالسائل   . 2 ᢕᣌكون لھا حجم معᘍ أخذ شᜓل الإناء الحاوى لها أيᘌھا.

ᗷ ᡧأنھا ق:   Gasالغاز   . 3 ᢕᣂشغله تماما وتتمᘻ لᗷ ما أنھا لا تأخذ شᜓل الإناء لھا فحسب᛿ س لھا شᜓل محددᛴلة للانضغاطلᗷا 

 

ᗷ ᡧقدرتھا عᢝᣢ الاᙏسᘮاب ولاتتخذ شᜓلا محددا Fluidsتعرف الموائع  ᢕᣂتتم ᢝ
ᡨᣎأنھا المواد الᗷ

.

. Fluids

 LIQUID    GAS    
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Fluids present

Weather & climate

 Vehicles: automobiles, trains, ships, and planes, etc.

 Environment

 Physiology and medicine

 Sports & recreation

Many other examples!

Tornadoes ThunderstormGlobal ClimateHurricanes

Weather & climate

105 PHYS

Vehicles

Surface ships

Aircraft

Submarines

High-speed rail

Environment

Air pollution
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Physiology and Medicine Sports & Recreation
Blood pump

105 PHYSDr. 

Density and Pressure

  كتلته،  معرفة تتطلب جسم أي وتحᗫᖁك حركة دراسة

ᢝ  الᗫᖁاح حركة دراسة عند  الجسم كتلة  تحدᘌد  لأن سهلة لᛳست والغازات السوائل مᘭᜓانᘭك دراسة
ᡧᣚ  الجو 

ᢝ  والأمواج
ᡧᣚ طاتᘭوالماء المح  ᢝ

ᡧᣚ  صعب الأنهار.  

ᡧ  ونطبق كتلته  ونحدد  المدروس السائل من معينا  حجما  نختار  ولذا  ᢕᣌك قوانᗫᖁه التحᘭالنتائج مونعم عل ᣢع 

.᛿له  المدروس السائل

ᢝ السوائل ، ᘌكون الإهتمام ᗷخصائص ᘌمكن أن تختلف من نقطة إᣠ أخرى
ᡧᣚ . 

.وᗖالتاᢝᣠ ، من المفᘭد الحدᘌث عن ال᜻ثافة والضغط ᗷدلا من ال᜻تلة والقوة

density) (uniform  
V

m
 density) (uniform  
V

m


Density is a scalar,  the SI unit is kg/m3 = 10-3 g/cm3 .

 غʙʻولاتʯ .غازȂة أم سائلة أم صلॺة ؕانʕ سʦاء الʸعʹॻة الʸادة وॻʮʟعة والʷغȊ الʙʲارة ʗؕرجة عʗةعʦامل وتعʗʸʯعلى

والʷغȊ ارةدرجةالʙʲ  مع ملȜʵǺ ȋʦʲل ʰؕافʯها تʯغʙʻ الʯي الغازات مع Ǻالʸقارنة ʙʻʰؕا والʴائلة الʶلॺة كʰافةالأجʴام
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1019Black hole (1 solar mass)
1018Neutron star (core)
3 x 1017Uranium nucleus
1010White dwarf star (core)
1.6 x 105core
1.4 x 103Sun: average
2.8 x 103crust
9.5 x 103core
5.5 x 103Earth: average
13.6 x 103Mercury (the metal)

7.9 x 103Iron
1.060 x 103Whole blood

1.024 x 103Seawater: 20°C and 1 atm

1.000 x 10320°C and 50 atm
0.998 x 103Water: 20°C and 1 atm
0.917 x 103Ice
1 x 102Styrofoam
60.520°C and 50 atm

1.21Air: 20°C and 1 atm pressure

10-17Best laboratory vacuum

10-20Interstellar space

Density (kg/m3)Material or Object

TABLE Some Densities

105 PHYS 8

Densities of Some Common Substances



105 PHYS – CH13_Fluids

Dr. Abdallah M. Azzeer 5

105 PHYS 9103 

  الحجم قᘭاس من دقة أᚽ  ᡵᣂᜧشᜓل ال᜻تلة قᘭاس التجᘭᙫᗫᖁة الناحᘭة من ᘌمكن لأنه ونظرا 

ᢝ  الخطأ  مصدر  من للتخلص فإنه
ᡧᣚ اسᘭالعلماء لجأ  الحجم ق ᣠثافة مفهوم استخدام إ᜻ال ᙫةال سᘭ(Relative

Density)  )ةᘭأنها  وتعرف للمادة )النوعᗷ هᘘال س  ᡧ ᢕᣌالمادة كثافة  ب ᣠالمئوي الصفر  عند  الماء كثافة  إ  

 

 

وحدة لها  لᛳس ال سᘭᙫة ال᜻ثافة

obj
rel

water







What do you think would happen to the 

substance in the water dependent on SG?

Sink in the waterRD > 1

Float on the surfaceRD < 1

105 PHYS 10
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معروفة: مثال ᢕᣂد كثافة مادة غᘌتحد  

جان بᘘعضهما دون أن ᘌطفو أحدهما فوق الآخر ᡧ ᡨᣂمᘌ ثافة᜻لهما نفس ال ᡧ ᢕᣌست. من المعروف أن أي سائلᘻخدم هذه و

 .  النᘭᙬجة لتحدᘌد كثافة سوائل مجهولة

ᗫن  ᡧ ᡧᣂخلط بᘌ اس كثافة سائل مجهولᘭة لقᗖᖁتج ᢝ
ᡧᣛ3(فmkg/874 ρ=(  لوروفورم᛿و)3mkg/1527ρ=(  ةᘘو  78% ب س

،  من الحجم  %22 ᢝᣠالتوا ᣢع ، ᢝᣢᝣال 

ᢝ الخلᘭط
ᡧᣚ لاحظ أن قطرات من السائل المجهول تصبح معلقةᘌ .ثافته؟ᜧما

ᗫن والᝣلوروفورم ل᜻ثافةإذا ᛿انت قطرات السائل المجهول معلقة تكون كثافتها مساوᗫة ᡧ ᡧᣂط البᘭخل  . 

ᗫن  ᡧ ᡧᣂض أن حجم الب ᡨᣂ1نفV  لوروفورمᝣ2وحجم الV

 ᢝᣢᝣ2: الحجم الV+1V=TV

M1=1V1 , M2=2V2 

 

105 PHYS

Pressure

 F is the magnitude of the normal force on area A. 

 The SI unit of pressure is N/m2 , called the pascal (Pa).

 The tire pressure of cars are in kilopascals. 

area)flat  on force uniform of (pressure   
A

F
p  area)flat  on force uniform of (pressure   

A

F
p 

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

barometer) is equal to 1 mm of Hg.

units :                       
1 N/m2 = 1  Pa  (Pascal)
1 bar    = 105 Pa
1 mbar = 102 Pa
1 torr     =  133.3 Pa

1 atm = 1.013 x105 Pa
= 76 cm Hg
=1013 mbar
=  760 Torr
= 14.7 lb/m2 (=PSI)
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a Pressure in excess of atmospheric pressure.
b The systolic pressure, corresponding to 120 torr on the physician's pressure gauge.

10-12Best laboratory vacuum

1.6 x 104Normal blood pressureab

1.0 x 105Atmosphere at sea level

2 x 105Automobile tirea

1 x 106Spike heels on a dance floor

1.1 x 108Deepest ocean trench (bottom)

1.5 x 1010Highest sustained laboratory pressure

4 x 1011Center of Earth

2 x 1016Center of the Sun

Pressure (Pa)

TABLE Some Pressures

105 PHYSDr. 

Example ;

A living 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:

g)V(mg 
NN)s/m.()m.xm.xm.()m/kg.( 42041889422453211 23 

This is the weight of about 110 cans of soda. 

( Use ρ of air from Table )

Nx.)m.()m.(
atm.

)m/Nx.
)atm.(ApF 6

25
10512453

01

10011
01 










(b)

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)( Need to understand the Kinetic Theory of gases)
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• What parameters do we use to describe fluids?

• Matter can exert the same force in all directions.

• The ratio of the force exerted to the area is the pressure.

• It’s a scalar, not a vector

Pressure of a Fluids

nF ˆpA A

n

105 PHYS

• Examine the area at the 
bottom of fluid
– It has a cross-sectional area A
– Extends to a depth h below 

the surface

• Force act on the region is the 
weight of fluid

gh
A

Ahg

A

Vg

A

mg
P 



A

h

V=Ah

ghP 
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Pressure and Depth equation

• Pa is normal atmospheric pressure
– 1.013 x 105 Pa = 14.7 lb/in2 (psi)

• The pressure does not depend upon the shape of the container

ghPP a 

105 PHYS

Fluids at Rest

 If we choose P1=P0 and h=y1-y2 then we get

P =P0 +  g h (pressure at depth h)

 The pressure at a point in a fluid in static

equilibrium depends on the depth of that point but

not on any horizontal dimension of the fluid or its

container.

 P is the absolute pressure, P0 is the atmospheric

pressure and ( P-P0 ) is the gauge pressure.

F2=F1+mg

F1=P1A and F2=P2A

P2A=P1A+ gAh

P =P0 +  g h
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Example ;

The U-tube in Figure contains two liquids in static equilibrium: Water of density w (= 998 kg/m3) is in the

right arm, and oil of unknown density x is in the left. Measurement gives l = 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 :

)armright(lgpP wint  0

)armleft()dl(gpP xint  0

mm.mm

mm
)m/kg(

dlwx 312135

135
998

1 3





 3915 m/kg
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The Mercury Barometer

For normal atmospheric pressure, h is 76 cm Hg.

hgp 0

105 PHYS

The Open Tube Manometer

• The gauge pressure is the difference between the

absolute pressure and the atmospheric pressure.

• 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.

hgppp  0Ag hgppp  0Ag
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Two types of pressure gauge

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

105 PHYS

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.

0PP 

F

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

Estimating the surface area of the eardrum at 1.0cm2=1.0x10-4 m2, we obtain

ghW Pa4109.40.58.91000 

 APP 0 N9.4100.1109.4 44  
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Pascal’s law

• Pascal’s law: Pressure applied to an 

enclosed fluid is transmitted 

undiminished to every portion of the 

fluid and the walls of the containing 

vessel.

• The hydraulic press is an important 

application of Pascal’s Principle

• Also used in hydraulic brakes, 

forklifts, car lifts, etc

2

2

1

1

A

F

A

F
P 
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 ᘻ 2cm150ساوي الأرض مع تلامس مساحة له إطار  و᛿ل إطارات أرᗖعة عᗷ  ᢝᣢالᙬساوي ᛒسᙬند  سᘭارة وزن ᛿ان  اذا 

PressureGauge(  ᢝ( القᘭاᢝᣒ  والضغط
ᡧᣚ ساوي الإطاراتᛒ bar8.1  ᢝᣦارة؟ كتلة  فماᘭالس )Pa510=bar1(

Mg
P=F/A=Mg/A

 والضغط الناتج ع᛿ ᢝᣢل الإطارات الأرᗖعة  ᛒساوي

P=Mg/4A

kg1102 = 9.8 )/4-10150)(5101.8(4g = PA/4M= 

Pa5101.8bar=1.8 =GP; 2cm150 A= 

ع وزن حᘭث أن للسᘭارة أرᗖعة إطارات فإن ᛿ل إطار سوف ᛒسند رᗖــ

 ᛿ل إطار ᛒساوي عᢝᣢ  الناتجالسᘭارة وᗖالتاᘌ ᢝᣠكون الضغط 
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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.

• Viscous (has large viscosity).

• Water is less viscous (low viscosity) and flows more readily.

Ideal Fluid is incompressible and nonviscous

Vortex shedding behind cylinder

105 PHYS 32

Fluid flow can be rotational or irrotational

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

motion.

Streamlines

• Streamlines – used in steady fluid flow to represent the trajectories of the

fluid particles
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Fluids in Motion

The Equation of Continuity

tvAtvA  2211V

)continuity of (equation   2211 vAvA  )continuity of (equation   2211 vAvA 

)continuity of equation rate, flow (volume  constant   AvQ )continuity of equation rate, flow (volume  constant   AvQ

rate) flow (mass constant   AvQQ m
• The SI unit of Q is kg/s

 The quantity Q is the volume flow rate (volume per unit time). The SI unit is 
m3/s. 

 If the density of the fluid is uniform, the mass flow rate Qm (mass per unit 
time) is constant. 

105 PHYS

Example

The cross-sectional area A0 of the aorta (the major blood vessel emerging from the heart) of a

normal resting person is 3 cm2, and the speed v0 of the blood through it is 30 cm/s. A typical

capillary (diameter  6 mm) has a cross-sectional area A of 3 x 10-7 cm2 and a flow speed v of

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

nAvvA 00

)s/cm.)(cmx(

)s/cm()cm(

Av

vA
n

050103

303
27

2
00




billionorx 6106 9

The combined cross-sectional area of the capillaries is 

about 600 times the cross-sectional area of the aorta. 
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ᢝ الدقᘭقة ، إذا وُصّـل الصـ بور ᗷـأنب   ᣄᛒ2cm4ي الماء من ص بور مساحة مقطعه 
ᡧᣚ ات ᡨᣂمعدل ستة لᗷ وب نصـف

:  ، فأحسب cm 1.6قطره 
)i ( ᢝ

ᡧᣚ عة الماءᣃالانبوب. )ii ( عة الماء الخارجة منᣃالص بور.

Q = v1A1 = v2A2

6/(103  60)  m3/s =  v1  ( 4/ 104) = v2 ( 3.142) (1.6/102)2

(i)  v1 =   0.250 m/s

(ii)   v2 =  0.124  m/s

،  Pa5101.5اســفل ســطح الحــوض ᛒســاوي   m4.8، إذا ᛿ــان الضــغط عنــد عمــق   m6حــوض ســᘘاحة عمقــه 
.الضغط عند قاع الحوض ) ii(.الجويالضغط ) i: (فاحسب

 )mkg/1000 =water 3 (علما ᗷأن كثافة الماء 

Pp =  Patm+   r g d 

1.5 x 105 Pa = Patm + (1000)(9.8)(4.8) Pa

Pb = Patm + (1000) (9.8) (6) Pa 

(i) Patm =  1.0296  105 Pa                           (ii)  Pb =  1.617 105 Pa.

105 PHYS 36

6 الداخᢝᣢ  قطره نصف مزرعة ᢝᣠ  من الماء ᣄᛒي mm عةᣄᚽ 2.5 مقدارها m/s

ᣄᚽ 10عة الماء ᘌخᖁج لᢝᣟ  الᢝᣢ  فتحة قطر  نصف ᘌكون أن ᘌجب ᛿م  )1( m/s

]L34   ]3m3-10=L1 سعته وعاء لملء اللازم الزمن احسب )2(

    1
2

2

v 2.5  m/s
       r  (  mm)  3 mm

v 10  m/s
r v r v r     2 2
1 1 2 2 1 6

-4 3( ) ( . ) ( )  = 5.65 10  m /R A v r v s        
2 3 2

1 1 1 1 2 5 6 10

 L
 60 s =1 min

0.565 L/s
t  

34

)1(
r1 = 6 mm ; v1 = 2.5 m/s
r2 = ?         ; v2 = 10 m/s
A1v1 = A2v2 

:فإن R=Avحᘭث أن معدل الᗫᣄان هو )2(

=ᗷ2v2ARالطبع ᘌمكن الحصول عᢝᣢ نفس النᘭᙬجة من 
  

 3m3-10L = 1وحᘭث أن 

sL/0.565 s = L/3104 -105.65R=

فإنه ᘌحتاج اᢝᣠ زمن  L 34لملء وعاء سعته 
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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 A0 = 1.2 cm2 and A = 0.35 cm2. The two levels are separated by a vertical

distance h = 45 mm. What is the volume flow rate from the tap?

AvvA 00 hgvv 2   2
0

2 

22
0

2

0
2

AA

Ahg
v




2222

222

35021

3500450892

)cm.()cm.(

)cm.()m.()s/m.()(




s/cm.s/m. 6282860 

s/cm)s/cm.()cm.(vAQv
3

00 34628221 
The volume flow rate is :

g

105 PHYS

Ideal Fluids

 Laminar Flow
No turbulence
 Non-viscous
No friction between fluid layers
 Incompressible
Density is same everywhere
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Bernoulli’s Equation

• If y1 = y2, then

• If the speed of a fluid element increases as it

travels along a horizontal streamline, the

pressure of the fluid must decrease, and

conversely.

• Large speed means small pressure.

2
2

22
1

21
2

12
1

1 ygvpygvp 

equation) s'(Bernoulliconstant   a2
2
1  ygvp equation) s'(Bernoulliconstant   a2
2
1  ygvp

2
22

1
2

2
12

1
1 vpvp 

105 PHYS 40
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Proof of Bernoulli’s Equation

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

• Work done on system at

• Work done by system at

•

• Net work done on system = 

• Net K.E. gained =

• Net P.E. gained = 

• Therefore, 

V)( 2
1

2
22

1  vv
)( 12 yyg 

V)( 21  pp
2211 AAV xx 

2
2

22
1

21
2

12
1

1 ygvpygvp  2
2

22
1

21
2

12
1

1 ygvpygvp 

VA 22222  pxpp
VA 1111111  pxpxFp
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Example

Ethanol of density  = 791 kg/m3 flows smoothly through a horizontal pipe that tapers in cross-sectional
area from A1 = 1.20 x 10-3 m2 to A2 = A1/ 2. The pressure difference between the wide and narrow
sections of pipe is 4120 Pa. What is the volume flow rate QV of the ethanol?

2211 AvAvQv 
ygvpygvp  2

22
1

2
2
12

1
1

12
2

1
1

2

A

Q

A

Q
vand

A

Q
v vvv 





3

2 21
1

)pp(
AQv

)m/kg()(

)Pa()(
mx.Qv 3

23

7913

41202
10201 

2
22

1
2

2
12

1
1 vpvp 

2
1

2
2
1

2
2

21 3p2

A

Q
vv

)p( v



The lower speed v1 means that p1 is greater, we have :

105 PHYS

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.
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Torricelli’s equation

Apply Bernoullis equation

P1 + gh1 + ½v1
2 = P2 + gh2 + ½v2

2

Since at (1) and (2) P1 = P2 = Patm

gh1 + ½v1
2 = gh2 + ½v2

2 dividing by density and 
since h2 – h1 = h

v1
2 = v2

2 + 2gh

If rate of fall of surface very slow can set v2 = 0.

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).

Torricelli’s equationghv 21 

h

1

2

105 PHYS

Venturi Tube - application of Bernoullis equation to measure fluid flow

• Fluid flows through different cross sectional 

areas in different portions of the tube.

• 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.

2
22

2
11 v

2

1
Pv

2

1
P 

From the continuity equation: 2211 vAvA  So: 1
2 1

2

A
v v

A


Hence,










 1

A

A
v

2

1
PP

2
2

2
12

121

Thus measuring P1-P2 and a knowledge of the areas determines v1

v2 can then be found from the continuity equation   

v1 v2

h1 h2
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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

2v 

Using Bernoulli’s equation, the pressure in the pipe on the second floor is

   2 2
2 1 1 2 1 2

1

2
P P v v g y y     

   5 3 2 2 31
3.0 10 1 10 0.5 1.2 1 10 9.8 5

2
         

5 22.5 10 /N m 

1 1

2

A v

A


2
1 1

2
2

r v

r





2

0 .0 2 0
0 .5 1 .2 /

0 .0 1 3
m s

   
 

105 PHYS 48

If artery area A1 is reduced by factor of 5 (A2 = 1/5 A1) what is the effect on the arterial blood

pressure? (Blood density 1060 kgm-3 , person lying down, velocity in a healthy artery is

0.3ms-1).

Applying Bernoulli’s equation (y1 = y2 since horizontal)

P1 + ½v1
2 = P2 + ½v2

2

Pressure difference = P2 - P1 = ½(v1
2 - v2

2)

= ½(1060kgm-3)(0.32 – 1.52) = -1145 Pa

From the continuity equation:

11
11

2

1
2 ms5.1)ms3.0(5v5v

A

A
v  










Example  Vascular/Heart Flutter

1P 1P
2P

1v 2v
1v
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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.

P1 + ½v1
2 = P2 + ½v2

2

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

Hence above wing has lower pressure thus get 
lift.

Angle of attack

105 PHYS 50

The Flight of Animals and Aeroplanes

• A full discussion requires a combination of elaborate

mathematics and experimental data

• Bernoulli’s equation can derive some qualitative

results about flying.

• 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.
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Applying Bernoulli above & below the wing

Since va > vb then the pressure Pa < Pb.

Note the gh terms can be ignored because the wing is thin.

From Bernoullis equation can write:

 2
b

2
aab vv

2

1
PP  

Multiplying by Area can get the 
lift force FL

 2
b

2
aabL vv

2

1
)PA(PF  A

Note va and vb are proportional to the air velocity v and this equation can be 
rewritten in terms of a proportionality factor CL called the lift coefficient 
(which is dimensionless)

2
LL v

2

1
ACF 
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