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Fluid:  

The science that deals with the behavior of fluids at rest (fluid statics) or in 

motion (fluid dynamics) and the interaction of fluids with solids or other fluids 

at the boundaries.  

It is a substance which deforms continuously under the action of shearing forces, 

however small they are. This deformation is permanent even if the force is 

removed. 
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* Difference between solid & fluid? 

* Difference between liquid & gas? 
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Units 
 B.S units C.GS S.I 

Force lbf dyne N 

mass lb gm Kg 

distance ft cm m 

time S S S 
 

SI units 
M , L , T , θ  Dimensions  

  Dim SI unit 
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(work , energy , torque ) = N.m = Joule  
 

Power =             =            = watt 
 

 

 UUnits ConversionU  
1 ft = 0.3049 m     

1lbRfR = 4.448 N                 & 1 N = 10 P

5
P dyne 

1 kw = 1.36 HP       

1 kg = 2.2 lb                     & 1 bar = 10 P

5
P Pa 

1 kgRfR = 9.81 N 
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Power  =  T * ω 

               = F * r * ω 

               = F * v 

Dimensional Homogeneity 
 
Example 
A useful theoretical equation for computing the relation between pressure, 
velocity, and altitude in a steady flow of a nearly inviscid, nearly incompressible 
fluid with negligible heat transfer and shaft work is: 
 

 
 
(a) Show that Eq. (1) satisfies the principle of dimensional homogeneity, which 
states that all additive terms in a physical equation must have the same 
dimensions. (b) Show that consistent units result without additional conversion 
factors in SI units. 
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Properties of fluids  
* Density : mass per unit volume  ρ = 
  

   Dim.         , for water   ρ = 1000 kg/m3 

 

* Specific weight : weight per unit volume  

     γ    =                      =                    =   ρ g 
      

     Dim.           *         , for water    γ  = 1000 * 9.8  

 
* Specific volume : volume  per unit mass  
 
              v =                    =              m3/kg 
                
              For water       v = 0.001      m3/kg 
 
 
* Specific gravity :     SG  = 
 
 
                                         =             =             =                    dimensionless 
 

      For water        SGRw R = 1 
 
 

U* ViscosityU (μ): The property which causes friction between fluid and boundary 

or between fluid layers if they is velocity difference. 

It's a property that represents the internal resistance of a fluid to motion or the 

“fluidity”. The viscosity of a fluid is a measure of its “resistance to 

deformation.” 

                                                                            μ  = viscosity  
            

 

M 
L3 

m 
V 

weight 
volume 

m * g 
V 

ML 
T2 

1 
L3 

N 
m3 

volume 
mass 

1 
ρ 

Sp. Weight of fluid 
 

 Sp. Weight of water 

γf 
γw 

 ρf  g 
   ρ w g 

ρf 
ρw 

u   

F   
              = Absolute viscosity 
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         = Coefficient of viscosity 



Fviscous  =  F 

F viscous    α    A friction   dy
du

  
 

Fvis  = Const . Afriction   dy
du

 

 
Fvis  = μ Afriction moving   dy

du                         Newton's law of viscosity 

 
μ = coefficient of viscosity depends on type of fluid and its temperature  
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For a small thickness of fluid layer , velocity distribution car be assumed straight 

line.    dy
du

   =  
y
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1- Flat Plate                                                                               τ     α    dy
du

 

   τ                                                                                          =  μ   dy
du

 

                                                                                         F  =  μ  A  dy
du

  

 

as : τ  : shear stress  

      µ : viscosity 

      dy
du

 :  rate of shear strain 
 

        F   : viscous force 
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2- Moving Shaft 

F  =    µ  A   
y
V  

Where   A = π  d L 
 
 
 
 
 
 
 
 

 3- Rotating Shaft 

                                                                  F  =    µ  A   y
u

 

                                                                       
                                                                                  u = ω  r  
 

                                                                                         r =  
2
d

 

 
 

If   N is given       ∴  60
2 Nπω =  

                           as   N : rpm  &     ω : rad /sec  

 If   rps  convert    ω rad /sec 

                           )(2 rpsπω =  
 

 
4 - Sliding Disk 
   A =  

4
π  D2 
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* Relation between viscosity and temperature for a certain fluid  

 
 

Example 
For the shown position of car lifting system 

Calculate: the force required to overcome  

friction when the piston moves at 2m/s  

take oilµ  = 0.02 Pa.s 
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                                        Fvis =  μ A dy
du

 

                                      = 0.02 *  (π d L ) * 
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                                      =                       Newton 
 
 
Example 

 
 

 



 
 
 
* Kinematic viscosity (υ  ):  
It is defined as the ratio of dynamic viscosity to density 
 

υ   = 
ρ
µ

 = 3/
.
mkg
SPa  = 

kgms

msmkg
22

3..  = (m2/s) 

                                           

For  water  υ   = 0.01 cm2/s 

          = 0.01 stoke                     as   stoke = cm2/s 

         = 1 centi stokes            
 

* Vapour pressure of liquids (Pvap):  

It is the pressure at which a liquid start to boil at working temperature. 

Boling temp increases by increasing pressure on liquid surface. 

Boling temp decreases by decreasing pressure on liquid surface. 

 

P 0.3 0.5 1 4 10 atm. 

Boling temp 40 70 100 120 180 ºC 

 

To avoid vapor formation   PRminR > PRvap  

 



* Bulk modulus of elasticity (k) 
It's the rate at which the pressure changes with volumetric strain ( VV /∆ )   
                   K = 

VV
P
/∆
∆−  

 
Large value of k  

means that big change of pressure Causes small 

change of volume 

       ∴The fluid is incompressible 
    k = …….. * 109 (Pa) 
 
Small value of  k  

means that small change of pressure causes a large change of volume 

       ∴The fluid is compressible                
              k = …….. * 106 (Pa) 
 
The quantity β = 1/k is called the compressibility of the fluid. 

  1/β = k = 
VV
P
/∆
∆−  

Notice that the greater the value of the bulk modulus of elasticity (k), the 

smaller the value of compressibility (β). 

 
* Newtonian & Non - Newtonian:  

τ          =   
A

Fvis    = dy
duµ  

as    τ :     Shear stress                        

      dy
du

:    rate of shear strain 

If  τ    α  dy
du

            ∴  µ  = const.            ∴  It is a Newtonian fluid 

 

μ = const.                Newtonian fluid 

μ      ↑↓                    Non Newtonian  

 تزيد  Pكل لما 
V تقل 

 علاقة عكسية



 

 


