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CHAPTER 2 Fluid Properties
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STATE OF MATTER

auiaall dwaid)l paud) daogalS Ul aiaul

SOLID LIQUID GAS

ST as sae e iy ja

— Ll g o) Jiladl e
DS Y @l jall G ba
Lebins Jemwy il 381

Ly (e Ay e iy /
e Al g Asilaia g Gl
gy Ll | Gl &gas
dilall 3 gall Jarua Wil

Qra g Oladl JAald :\LMQ,A UM sae Lita il ja
&l lad) 2UJ\§A ekt



Name Unit
Length m
time S
Temperature K
Work and Energy J
Power W or .
S
Name Unit1l Unit 2 Unit3 Relation
Mass Slug Ibm Kg 1 slug=14.59 kg
1 1bm=0.4536 kg
1slug =32.2 Ibm
Length Foot cm 1ft=30.48cm
Force Pound N 11bf=4.448N
force (1bf)
Temperature | Rankine F C R=460+F

F=1.8C+32
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* A system is defined as a given quantity of matter.

* The total mass of a given system is constant, since it always consists of the same
matter

Balall (il e oy oS LY A0l LAl g diea sale e slana A0S
JExtensive properties : Properties related to the total mass of the system.
00 Jie aladll J IS AN e adiad (ailad

dIntensive properties : Properties independent of the amount of fluid
L) o A K)o adiad Y yailad

Intensive Properties Extensive Properties

a & | g w & F § |

Boiling Point Color Temperature Luster Hardness Volume Mass Size Weight Length
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» Fluid : fluid is a substance that continually deforms (flows) under an
applied shear stress .

JFluid Properties :

Q1- Density (p) ( &l 43s) : Ratio of mass to volume unit = k_g

m3

MAass M

p —e — -
volume T

The mass density of water at 4°C is 1000 kg/m’ (62.4 Ibm /ft?)

Density of air at 20°C and standard pressure
=1.2 kg/m3.
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J2- Specific Weight (y)

The gravitational force per unit volume of fluid, or simply the weight per unit volume,

weight W N kN
— = —=—0r
volume V' m m

/4

-
S

Y — P&

The specific weight of water at 20°C = 9.79
KN/m3,

The specific weight of air at 20°C and
standard pressure = 11.8 N/m3.
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13- Specific Gravity(SG or S)

The ratio of the specific weight of a given fluid to the specific weight of water at the standard
reference temperature 4°C 1s defined as specific gravity, S:

Yiuid _ Pfiui
S= fluid _— Vflud

At standard reference temp of 4 °C,
=9810 N/m3

ﬁf' water p waler
Ywater

baaglgd 2 g Y

d 4- Specific Volume :
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J Q1(Years). A fluid is a substance that will continuously deform
under the action of ?
Ans. Shear stress

1Q2(Years). What is the specific weight of gasoline if its specific gravity is
0.81 ? Water density equals 1000 i ?

m3

ywater — pwater * g yWater — 1000 * 981 — 9810

b i UI1C
S = 0.81 %9810 = 7.95

T A
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1Q3(Years). What do we mean by ?

1- Extensive properties

Aol dwaial paud) daroualS Ul aiaul

2- Give two properties that are extensive
3- Intensive Properties
4- Give two properties that are Intensive

Ans.
(JExtensive properties : Properties related to the total mass of the system.

dIntensive properties : Properties independent of the amount of fluid
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Ideal Gas Law

p¥ = nR, 1

where p 1s the absolute pressure, ¥ 1s the volume, » is the number of moles,

R,: Universal gas constant T' 1s absolute temperature.

\ The value of (R) is the gas constant
which is characteristic of the gas itself.

Values of (R) are given in Table A.2.
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1 04(BOOK 2.5 Calculate the density and specific weight of carbon dioxide
Q ( ) at a pressure of 300 kN/m? absolute and 60°C.

o= L __300x1000 _ kg
RT P =189(273 + 60) _ m3
N
Yy =P9g Yy =4.66%9.81 =46.76—
m
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JQ5(Years). What do we mean by the following in terms of fluid
properties ?

1- Hydrodynamics Fluid Mechanics
2- Gas dynamics Fluid Mechanics

Ans.

* Hydrodynamics Fluid Mechanics : We study forces and motion of
fluid immersed in fluid when they have motion includes : momentum
and energy and its related to incompressible flow .

e Gas dynamics Fluid Mechanics : We study force on compressible fluid
, it includes compressible fluid which change its density with respect
to temperature and pressure .



Table A.2 PHYSICAL PROPERTIES OF GASES [T = 15°C (59 °F), p =1 atm|]

c

P
W )
Kinematic R, kg K Sutherland’s
Densit¥ Viscosity Gas Constant & Constant
kg / mr m’/s J/kg K ( Btu ) k=2 K
Gas (slugs / ft)) (f2/s) (ft-1bf/ slug-°R) Ibm-°R C, (°R)
Air 122 1.46 x 107 287 1004 1.40 111
(0.00237) (1.58 x 107 (1716) (0.240) (199)
Carbon dioxide 1.85 7.84 x 10°° 189 841 1.30 222
(0.0036) (8.48 x 107) (1130) (0.201) (400)
Helium 0.169 1.14 x 10°* 2077 5187 1.66 79.4
(0.00033) (1.22 % 107 (12,419) (1.24) (143)
Hydrogen 0.0851 1.01 x 107* 4127 14,223 1.41 96.7
(0.00017) (1.09 X 1077) (24.677) (3.40) (174)
Methane (natural gas) 0.678 1.59 x 10°° 518 2208 1.31 198
(0.0013) (1.72 X 107%) (3098) (0.528) (356)
Nitrogen 1.18 1.45 % 107 297 1041 1.40 107
(0.0023) (1.56 X 107 (1776) (0.249) (192)
Oxygen 1.35 1.50 x 1073 260 916 1.40
(0.0026) (1.61 x 107%) (1555) (0.219)



Table A.3 MECHANICAL PROPERTIES OF AIR AT STANDARD ATMOSPHERIC PRESSURE

Temperature Density %f,:icglflif gf:é?;]s]#; Iiri;ig;?gc
kg / m” N/ m?> N - s/ m? m’/s

=5 i e 1.40 13.70 161 %10 1.16 x 1073
—10°C 1.34 13.20 1.67 x 10~ 1.24 x 107
0°C 1.29 12.70 L.72 %102 1.33 x 10~
10°C 1.25 12.20 1.76 x 107> 1.41 x 107
20°C 1.20 11.80 1.81 3¢ 107> 1.51 x 1077
30°C 1172 11.40 1.86 < 107 1.60 x 107°
40°C 1.13 11.10 1.91 % 1073 1.69 x 1077
50°C 1.09 10.70 1.95 % 10°° 1.79 %< 107
60°C 1.06 10.40 2.00 x 1077 1.89 x 1077
70°C 1.03 10.10 2.04 x 1073 1.99 x 1077
80°C 1.00 9.81 2.09 < 1073 2.09 x 107°
90°C 0.97 9.54 213 % 107> 219 % 107
100°C 0.95 9.28 2.17 x 107° 2.29 x 107
120°C 0.90 8.82 2.26 % 1073 2.51 x 107
140°C 0.85 8.38 2.34 % 1073 2.74 % 1073
160°C 0.81 7.99 2.42 % 107> 2.97 x 1077
180°C 0.78 7.65 2.50 % 10°° 3.20 x 1073

200°C 0.75 T2 2.57 % 107> 3.44 x 10°7°




Table A.4 APPROXIMATE PHYSICAL PROPERTIES OF COMMON LIQUIDS AT ATMOSPHERIC PRESSURE

Specific Dynamic Kinematic Surface
Density Weight Viscosity Viscosity Tension
3 3 . 2 2
Liasdd sud kg / m Specific N/ m N :s/m m2/s N/ m*
Temperature (slugs / ft') Gravity (Ibf/ ft?) (Ibf-s./ ft?) (ft* /' s) (Ibf/ ft)
Ethyl alcohol '3 799 0.79 7.850 1.2 x 1073 1.5 % 107°° 2.2 % 1072
20°C (68°F) (1.55) (50.0) (25 % 107°) (1.6 x 107%) (1.5 x 107
Carbon tetrachloride" 1,590 1.59 15,600 9.6 x 107 6.0 x 1077 2.6 x 107
20°C (68°F) (3.09) (99.5) (2.0 x 10°%) (6.5 % 1079 (1.8 x 107
Glycerine'?! 1,260 1.26 12,300 1.41 1.12 x 1072 6.3 x 102
20°C (68°F) (2.45) (78.5) (2.95 x 10°%) (1.22 x 10°%) (4.3 x 10
Kerosene! ') 814 0.81 8,010 1.9 x 107 237 x 107° 2.9 x 1072
20°C (68°F) (1.58) (51) (4.0 x 1079) (2.55 % 107%) (2.0 x 107
Mercury! V¥ 13,550 13.55 133,000 1.5x 107 1.2% 1077 4.8 x 107!
20°C (68°F) (26.3) (847) (3.1 x 10°%) (1.3 < 10°%) (3.3 x10%
Sea water 10°C 1,026 1.03 10,070 1.4 % 1073 1.4 % 107
at 3.3% salinity (1.99) (64.1) (2.9 x 107°) (1.5 x 10°%)
Oils—38°C (100°F) 870 0.87 8,530 3.6 x 107 4.1 % 1073
SAE 10W™ (1.69) (54.4) (7.5 x 10°% (4.4 x 104
SAE 10W-30" R80 0.88 8,630 6.7 x 10 7.6 x 107
(1.71) (55.1) (1.4 %< 107 (8.2 ¢ 10
SAE 30 880 0.88 8,630 1.0 x 107! 1.1 x 1074
(1.71) (55.1) (2.1 1073) (1.2 % 107%)



Table A.5 APPROXIMATE PHYSICAL PROPERTIES OF WATER* AT ATMOSPHERIC PRESSURE

Temperature  Density  Specific Weight Dynamic Viscosity Kinematic Viscosity Vapor Pressure

kg /m? N/m’ N-s/m’ m?/s N/m? abs
0°C 1000 9810 1.79 x 10~ 1.79 x 107° 611
5°C 1000 9810 1.51 x 1072 .51 x10°° 872
10°C 1000 9810 1.31 102 1.31 x 10°© 1,230
15°C 999 9800 1.14 x 107 .14 x 10°° 1,700
20°C 998 9790 1.00 x 107 1.00 x 10°° 2.340
25°C 997 9781 8.91 x 104 8.94 x 1077 3,170
30°C 996 9771 7.97 x 107 8.00 x 1077 4,250
35°C 994 9751 7.20 x 107* 7.24 x 1077 5,630
40°C 992 9732 6.53x 107" 6.58 x 1077 7,380
50°C 988 9693 547 x10* 553 %1077 12,300
60°C 983 9643 4.66 x 107 4.74 x 1077 20,000
70°C 978 9594 4.04 x 104 4.13 x 1077 31,200
80°C 972 9535 3.54 x 107 3.64 x 1077 47.400
90°C 965 9467 3.15x 10 3.26x 1077 70,100
100°C 958 9398 2.82x107* 2.94 x 1077 101,300

- e




Properties Involving Thermal Energy

Specific Heat, ¢ Internal Energy Enthalpy

Specific Heat, ¢

* The capacity of a substanceto store thermal energy , it is the amount of thermal energy
that must be transferred to a unit mass of substance to raise its temperature by one degree

* Specific heat can be given at constant pressure (C,) or at constantvolume (C,)

e Unit: —
kg.K . - o e
7 £V A O 51 ) AaeS | de 1 (s Ly alall llaccall agdi S5 BN Gy (e
C, Sl a8 1) 1S Ll ¢ Lgda Bl La | 50a) 5 A gie A po LaBale (g 2n) g al a5l ja sy
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translational motion

vibrational motion

-0 O

rotational motion
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Internal Energy Enthalpy

h = (u+B)or (u+ RT)

\ P

Enthalpy internal energy
Unit : S Unit : L
kg kg

* The energy that a substance possesses because of the state of the
molecular activity in the substance is termed internal energy.

 The internal energy is generally a function of temperature and pressure.
However, for an ideal gas, it is a function of temperature alone.




1Q6(Years). Air(its gas constant is 287 kg]—K ) escapes from a tank at a

temperature of 55C and specific internal energy of 10000 kg]—K , what
will be its enthalpy ?

h = (u+%)0r (u + RT)

h = 10000 4+ 287(55 + 273) = 104136

- “iittes {Hudlittee
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Viscosity, L
 |s a measure of a fluid’s resistance to deformation under
shear stress .

. o=t J\.@A\c_\;qub)ﬂ\é\.aj\&qécéw\o‘)dﬂ
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Types :

N.s
—)

ma2

U

m

2 — Kinematic viscosity(Unit : — YTy 1
y(Unit : —=) p 1 |Itt &

auiaall dwaiall mu.aJmmlSleU

1 — Dynamic viscosity or absolute(Unit :
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ie i
| )
rT=p—
dy |
n"ll‘
/J' dV l
Siidall Lo ddlocall dc yull CAZALMJ\ PrEx
_av '
T=U E No slip condition (V=0)
T: Shear stress dV

—: Velocity gradient or Shear strain
w: dynamic viscosity dy



* The viscosity of a gas increases with temperature .

3/2
m L) LS
T T+S

* The viscosity of a liquid decreases with temperature .

b/T

u=_=Ce

d Q7(Years). Which of the following is correct ?
Ans. The viscosity of liquids decreases with
temperature while the viscosity of gases
increases with temperature

Liquids

Temperature



* Not in all fluids, the relationship between the shear stress and the
rate of strain is directly proportional .

* In some fluids, these relationship is not directly proportional. These
are called non-Newtonian fluids .

 Examples of non-Newtonian fluids are shear-thinning [ paints, ink],
Shear thickening [mixture of glass particles in water, and Bingham
plastic [toothpaste]

toothpaste

Bingham plastic paints

Shear-thinning
o

Newtonian fluid
R mixture of glass
particles in
water

Shear-thickening




1Q8(Years). The figure aside shows the variation of shear stress(t) and
d for four different types of fluids 1,2, 3 and 4 . Glass particles and

dy
water mixture will behave as ?

Ans. Fluid 4




1Q9(Years). Which of the followings is correct regarding shear-thinning
fluid?
Select one:

a. It has the property that the rate of change in shear stressincreases with
Increasing strain rate.

b. It has the property of large viscosity magnitudes.

c. It has the property that the strain rate is linearly related to the shear
stress.

d. It has the property that the rate of change in shear stress decreases with
increasing strain rate.

e. It has the property of small viscosity magnitudes




1 Q10(BOOK)

2.31 Two plates are separated by a 1/8-in. space. The lower
plate 1s stationary; the upper plate moves at a velocity of 25
ft/s. O1l (SAE 10W-30, 150°F), which fills the space between
the plates, has the same velocity as the plates at the surface of
contact. The variation 1n velocity of the oil i1s linear. What is the
shear stress 1n the 011?

Ya

26 ft/s

A
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1
dy=zin= 2 =0.0104 ft dv = 25
1ft=12in
r—de
dy p=52x10"*
5.2+107% 25 1.25
— * * — .
t=o 0.0104



dQ11(BOOK)
2.33 The sliding plate viscometer shown below i1s used to mea-
sure the viscosity of a fluid. The top plate 1s moving to the right
with a constant velocity of 10 m/s in response to a force of 3 N.

The bottom plate is stationary. What 1s the viscosity of the fluid?
Assume a linear velocity distribution.

/ 100 mm /

I
i M m




dV = 10 dy = 1mm = 0.001lm

Force
—

— — — 600
Area 0.05 % 0.1

10
0.001

600 = 1

u=0.06



JQ12(Years). The velocity profile between two stationary plates is
given by the following relation V(y) = 1 — (%)2 , Where y is the

distance from the midplane and H is half the distance between the
plates and equal to 3 cm, what is the shear stress magnitude at
location y=1.85cm if you know the viscosity is 0.08 ?

dV

T=p— y
ay CEEN ST RRPNEDSINTY T

—2y 008 2 x0.0185 398
= —U. *k = 3.
H? (0.03)?

Ans. 0.08 =



1Q13(Years). What is the necessary force (N) that is required to pull
the block over a layer of oil 2mm thick at constant speed ? The oil has
a viscosity of 0.08 and the velocity profile in the oil layer is given
below , the surface area of the block that is touching the oil is 0.25m?
, heglect end effects .

_ arFN2
V=3 . _
r=ul- o
dy ' S Layer of oil
6y




Q1 Q14(BOOK)

2.35 The velocity distribution for the flow of crude o1l at 100°F
(W=8x107 Ibf s/ ft*) between two walls is shown, and is
given by u = 100y(0.1 - y) ft/s, where y 1s measured in feet
and the space between the walls 15 0.1 ft. Plot the velocity distri-
bution and determine the shear stress at the walls.



W _ 10— 200 du h dv=0.1
dy y 2 when y=0 and y=0.
du du
—(y=0)=10 v=01) = —
dy( ) 0 (y =0.1) 10

T (Wheny=0) =8%x107°>%10=80%10"">

T (when (y=0.1) = -8 107> %10 = —80* 10>



oyl Lie o gllag 45 3 gladl) o2gy Lied

V =10y — 100y*

Wheny =0,V =20

Wheny =0.05,V =0.25
Wheny = 0.025,V = 0.1875
When y = 0.075,V = 0.1875

Wheny =0.1,V =20

0.1

0.075 4

0.1 02 03



d Q15(BO0OK)
Example: A block weighing 1 kN and having
dimensions 200 mm on an edge is allowable to
slide down an incline on a film of oil having a
thickness of 0.005 mm. If we use a linear
velocity profile in the oil. What is the terminal

speed of the block. The viscosity of the oil is
7x10-3 N.s/m?




dV

T=U— u=17x10" N.s/m’
dy
dV |/
d_y =000% - 200000VT
1000
T=7%10"3%200000VT
= 1400VT
Force
1400VT = 500 * 500
1000 1000

1000 *sin20 = 56VT

F shear
W sin20
W cos20
W

Force
= 56VT

V, = 6.11

Wsin20 = F

shear



1Q16(Years). Consider a fluid two parallel plates , if the top plate

moves with velocity U=2 ?to the right , the lower plate moves with

velocity V=1 ? to the left and the gap between the plates is 24 cm,
Hint : Velocity profile is linear . Find :

1- Velocity of the fluid particle at h = 10 cm from lower plate
2- Shear stress at the lower plate ? Viscosity = 0.015

VIV BA I IR I VIS

U=2m/£
A% N = >, < “ ‘
o o S . Velocty profile
- 7 7 7. VTP
V.: l’ys



U, = ay-|—b ZL"\BZ@M\ Qi d\}uﬂ\&d\ﬁ a3y L0 dalzall 24

From the boundary e b aka g JawY) 8 ddas 2l
—1=a*x0+0b y=0so0b=-1
2=ax024-1 3=ax0.24 y:0.24soa=i=12.5

0.24
u, =125y -1
whenh=0.10 u,=125%0.10—1=0.25 % _19c

T=12.5%x0.015=0.1875



plute viscosily, Inf-s/ft”

A

Dynamic or absolute Viscosity

x 1072
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Bulk Modulus of Elasticity
(LY sl aaaill ¢ Jlad) Jaa o) anall o el il Jaaall el ponil Jag 55 dpald oa 435 sl Jalas

_ dp _ change in pressure
d d¥/¥ fractional change in volume

ipSe Ao anall s Jaiall o i AL 5 Lay)

* The elasticity is often called the compressibility of the fluid.

Leiadat o 5 Al Janall 4peS Comy g 5 8 S8 Jluay) J Japen JSi g JAS iy 25
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For an 1sothermal (constant-temperature) process, A5 ) all da

dp

E =p—
* pdp

=pRT =p
For an adiabatic process,  Laaib ;i dadl g s Jilg as s ¥
E,=kp

* The elasticity or compressibility of a gas is important in high speed gas flows

where pressure variations can cause significant density changes .
AAESY 85 5SS Gl et dasall



Q Q17(BOOK)

*2.44 P@< The bulk modulus of elast1c1ty of ethyl alcohol is
1.06 x 10° Pa. For water, it is 2.15 x 10” Pa. Which of these lig-
uids 1s easier to compress? Why?

Ans. ethylalcoholis easier to compress

Compressibility (ethylalcohol)  2.15x10

Compressibility(water)  1.06x10°

Q Q18(BOOK)

2.46 Calculate the pressure increase that must be applied to wa-
ter to reduce its volume by 2%.

V 100



JQ19(Saffarini + Years ). A liquid was compressed in a cylinder ,
initially it had a volume of 1695 cm? at 1.69MPa and 1691 cm? at
9.61MPa , what is the bulk modulus of elasticity in Mpa ?

- < (Vp — V1)
(9.61 — 1.69)
E =—-1695 * = 3356.1

(1691 — 1695)

sty (i A 4] ald ) ey dadd €] dapally Ol si )



1Q20(Years). Consider a fluid that has specific gravity of 0.9 and bulk
modulus of 2.10GPa , what the pressure increase in Mpa that must be
applied to this fluid to reduce its volume by 0.60 % ?

o .-"'Lp
Be—t
I."
AV 0.6
Vv 100
2.1x103 0.6 12.6%
— 4.1 * * — .
100 ]



Q21(Years). What is the volume change in cm?® of a hydraulic oil when
subjected to a pressure of magnitude 6 MPa ? The original volume of the
oil is 1500 cm? and its bulk modulus of elasticity is 2.1 * 10° .

E=-vi
- *(VF—VI)

6 * 10°

2.1%10% = —1500 % 107° * (

AV = 4.28cm?
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1Q22(Years). When we deal with the phenomenon of capillary effect,
what do we mean by ?

1- Cohesive force such as:
2- Adhesive force such as:
Ans.

* Cohesive force : The molecular bonding attraction force between
same fluids , example : soap bubbles

* Adhesive forces : The molecular bonding attraction force between
different fluids , example : liquid drops to cling to window panes
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Vapor bubbles

(a)

Vapor pocket




