
(Mechanical Properties of Fluids)

9.1 (Introduction)

(fluids) 

compressibility

10.1

10.2

10.3

10.4

10.5

10.6
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10.2 (Pressure)

impact

pressure

10.1

(a)

10.1(b)

A F 

Pav

10.1 (a)

(b) 
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av

F
P

A
 (10.1)

limit

P = lim
A 0

F
A 




10.2

10.1 10.2

F

F

[ML–1T–2] Nm–2

Blaise Pascal, 1623-1662

Nm-2 Pa)

one atmospheric pressure,

atm) atm

1atm

= 1.013 105Pa

 m V

m
V

  10.3

[ML–3]

kgm–3

4oC (277K) 1.0 

103kg m–3

4oC

2.7 27 103kgm–3

10.1

10.1 (STP)

0oC 1 atm

(kgm-3)

1.00 103

1.03 103

13.6 103

0.806 103

whole blood) 1.06 103

1.29

1.43

9 10-2

 10-20

(Inter stellar space

 10.1 femur)

10.cm2

40kg

A = 2 10cm2 = 20 10–4m2

    F = 40 kg wt = 40 10N = 400N

g = 10m/s2
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5 2    2  10  N mav

F
P

A
  

10.2.1 Pascal's Law

Blaise Pascal

BEFC, ADFC ADEB

Aa, Ab Ac

Fa,

Fb Fc Pa, Pb Pc

10.2 Fbsin = Fc

Fb cos = Fa Ab sin = Ac,

Ab cos = Aa

b c a

b c a

F F F
A A A

 

b c aP P P  (10.4)

orientation

10.2

ABC-DEF

right angled prism)

10.2
ABC-DEF
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10.2.2 (Varia-

tion of Pressure with Depths)

10.3 1 2

h 1 2

P1 P2 A

base area h

P1A

P2A

mg

(P2 – P1)A = mg  (10.5)

 m = V= hA

10.5

P2 – P1 = gh (10.6)

10.6 1

2

h 

g 1 

P1

Pa

P2 P 10.6

P = Pa + gh (10.7)

h

hg

h

P – Pa

gauge pressure

absolute pressure P

10.7

10.3
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A

h

hydrostaic

paradox

10.4 A, B, C

 P = Pa + gh
= 1.01  105 Pa + 1000 kg m–3  10 m s–2 10 m
= 2.01  105 Pa 2 atm

100% 1 km

100atm

10.2.3

(Atmospheric Pressure and Gauge

Pressure)

1.013

 105 Pa (1atm)

Evangelista Torricelli, 1608-1647

10.5.a)

mercury barometer

P

A

B

A B A

h gh

B = = Pa

Pa = gh (10.8)

 h

 10.2 10m

h = 10m,  = 1000kg m–3 g =

10ms–2 10.7

10.4 hydrostatic paradox

A, B, C
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1 atm)

76cm 10.8

 cm

mm cm or mm of Hg

1mm 1 torr

(Torricelli

1 torr = 133 Pa

mm of Hg) torr

Physiology

bar millibar

1 bar = 105 Pa

open-

tube manometer U

10.5 (b)) 10.5 (b) 

A B

B

Pa hg ( = 

P Pa hg

(10.7)

P - Pa

h

U
(b) 

10.5

(a) 
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 10.3

1.29kg m–3

10.7

gh = 1.29 kg m–3 9.8 m s–2 hm

= 1.101 105 Pa

 h
51.01 10

1.29 9.8
m





= 7989 m  8 km

g

100 km

760mm

10mm

 10.4 1000m

a

b c

20cm 20cm

1.03 103 kg m–3, g = 10ms–2)

h = 1000 m = 1.03  103

kg m–3 (a) (10.6)
   P = Pa + gh

= 1.01  105 Pa
+ 1.03  103 kg m–3  10 m s–2  1000 m

=  104.01  105 Pa
 104 atm

(b) P  Pa = gh = Pg

Pg = 1.03  103 kg m–3  10 ms2  1000 m
    = 103  105 Pa
 103 atm

c) P = Pa + gh

Pa

Pg = gh

A = 0.04m2,

    F = Pg A = 103  105 Pa  0.04 m2

= 4.12  105 N

10.2.4 (Hydraulic

Machines)
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Pascal's law

hydraulic lift

hydraulic brake

10.6

A1

F1

1

1

F
P

A


A2

1 2
2 2

1

F A
F P A

A


  

Archemedes' Principle

buoyant force

P
2
 - P

1
)A

(10.5) P
2
 - P

1
A = ghA hA

hA P
2
 - P

1
)A = mg

Archemedes' principle)

V
s

V
p


f
gV

p


f


s
gV

s


s
gV

s
= 

f
gV

p 


s
/

f
 = V

p
/V

s


s
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F2

A1 F1

2

1

A
A

A2/A1

mechanical advantage)

 10.5

1.0cm

3.0cm (a) 10N

b)

6.0cm

(a)

 
 

2–2

2
2 1 2–2

1

3/2 10 m
10 N

1/2 10 m

A
F F

A






  



= 90 N

(b)10.6

(287–212

Pulley and lever

Syracuse

Hiero II

Eureka, euraka!

Eureka, euraka I have found it, I have found it
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L1 L2

L1A1 = L2A2

 
 
 

2–2

–21
2 1 2–2

2

1/2 10 m
6 10 m

3/2 10 m

A
L L

A






   



   = 0.67  10-2 m = 0.67 cm

 10.6 

car lift

5.0cm F1

15cm

1350kg F1

(g = 9.8ms-2

 
 

 
2–2

–21
1 2 2–2

2

5 10 m
1350 N 9.8 m s

15 10 m

A
F F

A






  



= 1470 N

 1.5  103 N

 


   



3
51

2–2
1

1.5 10 N
1.9 10 Pa

5 10

F
P

A m

Hy-

draulic brake

master cylinder

master piston

brake oil

brake lining

10.3 Streamline Flow

Fluid dynamics

steady flow
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streamline

P, R Q Ap,

AR AQ

p, R Q t

P mp= p

Appt AR AQ

mR=

RARRt mQ = QAQQt

mP = mR = mQ

PAPPt = RARRt = QAQQt   (10.9)

P = R = Q

10.9

APP = ARR = AQQ (10.10)

10.10 Equa-

tion of continuity

10.10

A = 10.11

A A

flow rate) volume flux

10.7

a

(b)

10.7

(a)

PQ

P, R Q [ 10.7 (b)]



343

A

A

A 10.7(b)

AR>AQ R<Q R Q

tur-

bulence)

crirtical speed

white water rapids

10.8

10.8 (a)

laminar flow

10.8 (b) turbulent

flow

10.4 Bernoulli's Principle

10.9

Equation of con-

tinuity

Daniel Bernoulli 1738

10.9 BC 1 DE

10.8 (a) 
(b)

turbulent flow
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2

B D

t C E

B 1

t BC = 1t

t D E 

DE= 2 t t 

1t B C

2t 

A1 A2

P1 P2 BC

W1 = P1A1 (1t) = P1V

BC

DE V)

DE

W2 = P2A2 (2t) = P2V

P2V

W1 – W2 = (P1 – P2) V

 t

m = A11t = V

U = gV (h2  h1)

K = 
1
2

 
   V(v2

2  v1
2)

V

(P1 P2)V =
1
2

 
    V (v2

2  v1
2) + gV(h2  h1)

V

(P1 P2) = 
1
2

 
   (v2

2  v1
2) + g (h2  h1)

1700-1782

Swiss French

Academy

Leonard Euler

Basle anatomy

Hydrodynamics

probability theory of vibrating string

10.9


1
t

t 
2
t 
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P1 + gh1 = P2 + gh2

(P1 P2) = g (h2  h1)

10.6

10.4.1 Speed of

Efflux : Torricelli's Law

efflux



y1

10.10

y2 P

10.10

P1 + 
1
2
v1

2 + gh1 = P2+
1
2
v2

2 + gh2   (10.12)

(Bernoulli's equa-

tion) 1 2

P + 
1
2
v2 + gh = (10.13

P
1
2
v2

gh

viscosity

10.5

non-viscous zero

viscosity

10.10

1   2  hv g
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v1 A1 = v2 A2

1
1

2
2

A
v v

A
 

   

A2

A2>> A1

2= 0

P1= Pa 1 2

10.12

2
1 1 2

1
2aP  v g y P g y               

y2 – y1 = h v1

 2
2 a

1

P P
v g h   


 

 10.14

P>>Pa 2gh


 P2

1 

P

P = Pa

1 2v g h   (10.15)

(10.15)

Torricellis Law

10.4.2 Venturi meter

10.11

U

m

A 1

a 2

10.10

2 1v v
A

a
1 2

P1+ 
1
2
v1

2 = P2+
1
2
v1

2 (A/a)2

P1- P2 = 
1
2
v1

2
2

–1
A
a

  
     

(10.16)

U

h

P1– P2 = mgh = 
1
2
v1

2 
2

–1
A
a

  
     

10.11 
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1
–2 2

1

2
–1mgh A

v
a




             
10.17

carburetor

nozzle)

combus-

tion

10.1 100 

103kgm-3 

2
A
a

     10.17

 
–1

1 –3 2

2 24
0.125m s

1060kg m 2 –1

Pa
v


 



10.4.3 Blood flow

and Heart Attack

plaque

collapse of the artery

Heart attack

10.4.4 Dynamic Lift

dynamic lift

 10.7 (blood velocity) 

A = 8mm2 a=4mm2

24 Pa

10.12
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spinning ball

i Ball moving

without spin) 10.13(a)

(ii) Ball moving with spin

10.13

(b) 

Magnus effect)

(iii)

Aerofoil or lift on aircraft

wing 10.13 (c)

10.13(c)

(b)(a)

10.13 (a) b

c airfoil
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 10.8

3.3 105kg

500m2

960km/hr. (a)

(b) 

=1.2kgm–3

(a)

P × A = 3.3  105 kg  9.8 ms–2

5 2

2

3.3 10 kg 9.8 ms
500 m

P
 

 

    = 6.5 103 Nm–2

(b)

(10.12

 2 2
2 1–

2
P v v


 

v2 v1

 2 1
2 1

2
–

P
v v

v v



 

12 1 960 km/hr 267 m sav
v v

v 
  



    
 

 
2 1

2 1

– 2

av av

v v P
v v v v




 

2
av

P
v







 






3 2

3 1

6.5 10 Nm
12 kgm 267 ms

 0.08 = 8%

8%

10.5 Viscosity

viscosity)

10.14 (a)

v


v


v


laminar flow
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10.14 (b)

cylindrical

surface

10.14 (a)

ABCD

t AEFD

x = vt

x

l

 
  

stress rate of

change of strain

(stress)

x

l t

 
  

v

l

coef-

ficient of viscosity 

/
/

F lF A
v l v A

   (10.18)

Pl

Poiseulli (Pl) 1Nm–2s Pas

[ML–1T–1]

10.2

10.2 more

viscous

10.14 (a)

v

(b)

(a)

(b)



351

water 0oC  37oC

 10.9 10.15

0.10m2

0.010kg

0.30mm

0.085ms-1



 


1

3

0.085 ms
0.30 10 m

v
l

 

   
   

–2 –3

–1 2

9.8 10 0.30 10

0.085 0.10

N m

m s m

 


= 3.45 10–3 Pa s

10.2

0C (mpl)

20 1.0

100 0.3

37 2.7

16 113

38 34

20 830

– 200

0 0.017

40 0.019

10.5.1 Stokes' Law

viscous force

F



a Sir

T

shear force

F = T = mg = 0.010 kg  9.8 m s–2 = 9.810–2N

 shear

stress

= F/A = 
 –2

2

9.8 10 N
0.10 m

10.15



352

George G. Stokes, 1819-1903

F

6F av  (10.19)

Stokes' Law

terminal velocity

vt

6avt = 
4
3


a3 (– )g

 

22 ( )
9t

a g
v

 



 (10.20)

10.20

6.2

 10.10 20 oC 

20mm

6.5cms1 20oC

1.5 ×103 kg m–3

8.9 × 103 kg m–3

v
t 
= 6.5  10–2 ms–1, a = 2  10–3 m, g = 9.8 ms-2,

 = 8.9  103 kg m–3   =1.5 103 kg m–3.

 (10.20)

 –3 2 –2
3 –3

–2 –1

2 10 m 9.8m s2
7.4 10 kg m

9 6.5 10 m s

 
   



= 9.9  10-1 kg m–1 s–1

10.6 Reynolds Number

turbulent flow

eddies

10.8(b) 

wakes

Osborne Reynolds,

1842-1912
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Reynolds number Re

e

vd
R




 (10.21)

 v d

 Re

Re 1000

2000

(turbulent) Re

1000 2000

1000 < Re
 < 2000 unstable

Re tur-

bulence sets in

critical Reynolds number

Re

Re

   
2 2

e

v Av
R

v Av
d d

 
 

  (10.22)

=

Re

Av2 kgm/s2,

experimentation and trial and

error

(milk shakes)

 10.11 1.25cm

0.481/min

10–3Pa s

3 L/min
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v

d = 1.25 cm
2

4
v d

Q
 



2

4Q
v

d



    R
e

4 Q
d



 

3 3

2 3

4 10 kg m
3.14 1.25 10 m 10 Pa s

Q

 

 


  
= 1.019 × 108 m–3 s Q

Q = 0.48 L/min = 8 cm3/s = 8  10–6 m3 s–1

R
e 

= 815

1000

Q = 3 L/min = 50 cm3/s = 5  10–5 m3 s–1

R
e 

= 5095

turbulent

10.7 Surface Tension

10.7.1 Surface Energy

10.16(a)

40 kJ/mol

10.16.b)

10.16.a
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perfectly sharp

10.16 (c)

Z

10.7.2 Surface Energy

and Surface tension

10.17

d

10.16  (a)

 (b)

 (c) A (R)

10.17

(a)

(b) d
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F


.F d Fd


2d × l 2

'S'

S × (2dl) = Fd (10.23)

2 2
Fd F

S
dl l

  (10.24)

S

interface

interface

(i)

plane of the in-

terface

(ii)

'S'

boundary

'S'

10.3
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10.3

hearts of

vaporisation

(oC) (N/m)   (kJ/mol)

–270 0.000239 0.115

–183 0.0132 7.1

20 0.0227 40.6

20 0.727 44.16

20 0.4355 63.2

adhesion

10.18

W

10.24

2 2la

W mg
S

l l
  (10.25)

m l

S subscript la

liquid-air

10.7.3 Angle of contact

(plane of contact)

10.18 

10.19

(a) b

b

a
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angle of contact

‘’

()

10.19(a)

10.19(b)

10.19(a) (b)

Sla, Ssa Ssl

10.19

10.19

(b)

Slacos + Ssl = Ssa (10.26)

Ssl > Ssa

 obtuse angle)

Ssl < Ssa

acute 10.19



Ssl cos

 



wetting agent

water proofing agents

10.7.3 Drops and Bubbles
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10.20(a)

‘r’

‘r’

[4(r + r) 2– 4r2] S
la
  8r r S

la
(10.27)

‘r’ r 2

Pi – Po

W = (P
i
 – P

o
) 4r2r (10.28)

10.27 (10.28)

2( )4 8i o laP P r r r rS     

2
( ) la

i o

S
P P

r
  (10.29)

 10.29

10.20 (b)

10.27 2

4
( ) la

i o

S
P P

r
  10.30

10.20 (a) b

c
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10.7.5 Capillar-

ity or Capillary rise

‘capilla’

10.21 a

10.29

2 2
( )

seci o

S S
P P

r a
  



2
cos

S
a

     (10.31)

10.21 (a)

A B

PB = PA

P
0
 + hg = P

i
 = P

A

P
i 
– P

0
 = hg (10.32)

 h

capillary rise

10.21

10.31 10.32
2 cos

i o

S
h g P P

a
        10.33

10.29

S = 0

10.32

‘h’

10.33 S

‘h’

10.33

‘a’ ‘h’

‘h’

a

= 0.05 cm 10.3

10.21 a

(b) (a)
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    h
2S
ga




 
     

–1

3 –3 –2 –4

2 0.073 Nm

10 kg m 9.8 m s 5 10 m






= 2.98  10–2 m

= 2.98 cm

10.33 cos = 1

 cos

1 

 cos

10.33 cos

‘h’

10.7.6 Detergents and

surface Tension

grease

detergent

area of contact

platter

inter waxy ends

10.22
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detergent

10.22

surface active detergents

surfactant

 10.12 2.00 mm

8.00cm

7.30 × 10–2Nm–1

= 1.01 ×105Pa.

= 1000 kg/m3, g = 9.80 ms–2

excess pressure

2S
r

'S'

4S
r

r

8.00cm

P
o
=(1.01×105Pa+0.08 m×1000 kgm–3×9.80 ms–2)
= 1.01784 × 105 Pa

h = 
2

o

S
P

r


= 1.01784×105Pa + (2×7.3×10–2Pa m/10–3m)
= (1.01784 + 0.00146) × 105  Pa
= 1.02  × 105 Pa

significant

figure

P
i
 – P

o
 = 146 Pa
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1.

2.

3. A F

Pav

av

F
P

A
4. Pa Pa Nm–2

1 atm = 1.01×105 Pa

1 bar = 105 Pa

1 torr = 133 Pa = 0.133 kPa

1 mm of Hg = 1 torr = 133 Pa

5.

6. h

P = Pa + gh



7.

vA = v A

8. P

21
2

v    gh

21
2

P v gh    
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9. shear strain shear stress

co-efficient of viscosity, 

10. a v
 

6F av 
 

11. turbulence Reynolds

number

e

vd
R






‘d’

12.

1.

2.

10.2

3.

aP P gh  
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4.

P – Pa = Pg

tyre

pressure gauge blood pressure gauge or sphygmomanometer

5.

6. viscouse fluid

10.12

P2 10.9

7.





8. 1000

10,000

Re < 1000 1000 < Re < 2000 unsteady flow

Re > 2000 turbulent flow

9.

P [ML–1T–2] Pa 1 atm = 1.013 × 105 Pa

 [ML–3] kg m–3

No No
sub

water

P
P

 [ML–1T–1] Pas (Pl)

Re No No e

vd
R






S [MT–2] NM–1
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10.1

(a)

(b) 100 6

(c)

10.2

(a)

(b)

(c)

(d)

(e)

10.3

(a) ___

(b) ___ ____

(c) ___

___

(d) ___

(e)

___

10.4

(a)

(b)

(c)



367

(d)

(e) spinning para-

bolic

10.5 50kg

1.0cm

10.6

984 kgm–3

10.7 109 Pa

3km

10.8 hydraulic automobile lift

3000 kg

425 cm2

10.9 U

10.0cm 12.5cm

10.10 10.9 15.0cm

=13.6)

10.11

10.12 gauge pressure

10.13 1.5m  1.0cm

4.0×10–3kgs–1

= 1.3×103kgm–3 =

0.83 Pas
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10.14

70ms–1 63ms–1 2.5m2

1.3 kgm–3

10.15 10.23(a b

10.23

10.16 8.0 cm2 1.0mm 40

1.5 m min–1

10.17 U slider

1.5×10–2N

30cm

10.18 4.5×10–2N 10.24(a)

10.24(b) 10.24(c)

10.24

10.19 3.00 mm

20oC 4.65×10–1 Nm–1 = 1.01×105Pa
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10.20 5.00mm 20oC

20oC 2.50×10–2Nm–1

40.0cm

= 1.20 = 1.01×105 Pa

10.21 1.0m2

20 cm2 4.0m

1.7

10.22 10.25 (a)

10.25(b)

76 cm

(a) a (b)

cm

(b) b 13.6 cm

10.25

10.23
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10.24 2000 Pa

[ whole blood 10.1

]

10.25

(a) 2 × 10–2m

b dissipative force

10.26 (a) 2 × 10–3m

b)

= 2.084 × 10–3Pa s)

10.27

25 m2 234

km/h 180 km/h

1 kg m–3

10.28 2.0×10–5m 1.2×103 kg m–3

1.8×10–5 Pas

10.29 soda lime glass 1400

1.00mm

0.465 N m–1 = 13.6×103 kg m–3
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10.30 3.00mm 6.0mm U

U

= 7.3×10–2 N m–1

1.0×103kg m–3 g = 9.8 m s–2

10.31 a) ‘’ ‘y’

/ oy y
oe

  

o = 1.25 kg m–3 yo

g

(b) 400kg 1425m3

[ yo = 8000 m He = 0.18 kg m–3]
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10.1 

circulatory system

venous system

10.26 arteries

10.3 21
2

P v gy   

10.26 gauge pressure

ms–1

21
2

v  
 

PB PH PF

PF = PH + 
 ghH= PB +  ghB 



hH = m hB = m  = 

kg m–3 PH = k Pa PF= k Pa kilopascals

PB = 9.3 kPa
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10.26

torr mm of Hg

1 = torr = kPa PH = kPa = mm

mm of Hg

pumping action

skeleta muscle

Sphygmomanometer

non-invasive

10.27

brachial artery

systolic

pressure diastolic pressure

brachial

artery

stethoscope

dial pressure

10.27
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tapping sound

120mm/80mm (120 torr/80 torr 140/90
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