
(Belongs to the Chennaivazh Thiruthangal Hindu Nadar Uravinmurai  Dharma Fund) 

Selavayal, Chennai-51. 

A Self-Financing Co-educational College of Arts & Science  

Affiliated to the University of Madras  

Accredited with ‘B’ Grade by NAAC 

An ISO 9001: 2015 Certified Institution 

NAME OF THE DEPARMENT:  PHYSICS 

SUBJECT : PROPERTIES OF MATTER & SOUND 

TOPIC : FLUID DYNAMICS 

STAFF NAME : Dr. R. VIJAYALAKSHMI 



Semester - I                                            Sub Code: BPS-CSC01      Paper – I 

    CORE-I: PROPERTIES OF MATTER AND SOUND 

UNIT III: FLUID DYNAMICS (12 Hours) 

Viscosity:-Definition-Streamline and Turbulent motion – Rate of flow of liquid in a capillary tube-Poiseuille’s formula –Corrections-Terminal Velocity and Stoke’s 

formula– Variation of Viscosity of a liquid with Temperature. 

Surface tension-: Definition – Molecular forces– Excess pressure over curved surface – Application to Spherical and Cylindrical Drops and Bubbles-Variation of 

Surface Tension with Temperature ––Jaegar’s method. 



Cause of Viscosity: 

Consider a liquid flowing through a horizontal surface with two 

neighboring layers. The upper layer tends to accelerate the 

lower layer and in turn, the lower layer tends to delay the upper 

layer. As a result, a backward tangential force is set-up. This 

tends to destroy the relative motion. This accounts for the 

viscous behavior of fluids. Viscosity is defined as the property 

of a fluid to oppose the relative motion between its layers. 

Relative motion is the calculation of the 

motion of an object with respect to some 

other moving or stationary object. 



Coefficient of Viscosity: 

Consider a liquid flowing steadily over a horizontal fixed layer. 

The velocities of the layers increase uniformly as we move 

away from the fixed layer. Consider any two parallel layers B 

and A. Let v and v + dv be the velocities of the 

neighboring layers at distances x and x + dx respectively from 

the fixed layer. 

The force of viscosity F acting tangentially between two layers is 

given by Newton’s First law. This force is proportional to (i) 

area A of the liquid and (ii) the velocity gradient dv/dx 

 

 

 

 

 

 

Where the constant of proportionality η is called the coefficient of 

viscosity of the liquid and the negative sign implies that the force 

is frictional and it opposes the relative motion. The dimensional 

formula for coefficient of viscosity is [ML− 1 T−1] 

v + dv 

The difference in velocity between adjacent layers of the 

fluid is known as a velocity gradient and is given 

by v/x, where v is the velocity difference and x is the 

distance between the layers. 

















Divided by V and substitute 

the kinetic energy value that 

we have found. 





Chemically inert – not reactive 

Decomposition - separation of a substance or material 

                            into two or more substances  



Surface Tension 

Surface tension is the tendency of liquid surfaces to 

shrink into the minimum surface area possible.  





Let consider four molecules A, B, C and D of a liquid [Figure]. Sphere A is well inside this liquid: B. near the surface of the liquid; C, just on 

the surface and D, above the liquid surface. Let us draw a sphere of influence around them. Since the sphere of influence of molecule A is fully 

inside the liquid, it is attracted equally in all directions by other molecules. So, the resultant cohesive force on it is zero. So, it will remain in a 

state as it was. 

 

 

 

 

 

 

 

 

 

   

Since the sphere of influence of molecule B lies partly outside the liquid, this part contains only a few molecules of vapour compared to the 

liquid molecules in the lower part. So, the downward attractive force due to liquid molecules exceeds that of upward force of attraction by 

vapour molecules. So, there S a resultant downward force acting on B. 

Since the molecule C lies on the surface of the liquid the one-half of its sphere of influence lies inside and the other half lies above the surface 

of the liquid. This part contains only few molecules of gas or vapour. But the entire lower half contains liquid molecules and thus the downward 

force, in this case is maximum. This phenomenon will be observed for all the molecules lying on the surface. This downward or inward force 

per unit area of a liquid surface is called cohesive pressure, which is the cause of cohesion. 

The molecule D lies outside the surface of the liquid. The sphere of influence is outside the liquid, so the downward force due to liquid 

molecules is zero. So, the molecule moves freely, like gas molecules. It is thus clear that all over the surface of the liquid MN there is a 

downward pull due to attraction between molecules. This surface tends to contract, i.e., it tends to decrease the area of surface MN. Surface 

tension originates from this tendency of surface contraction. This tension acts tangentially to the surface of the liquid. 

Explanation of Surface Tension by Molecular Kinetic Theory 



Surface Energy 







Consider a liquid drop of radius R and surface tension T. Due to surface tension, the molecules on the surface film 

experience the net force in the inward direction normal to the surface. Therefore, there is more pressure inside than outside. 

Let pi be the pressure inside the liquid drop and po be the pressure outside the drop. Therefore, excess pressure inside the 

liquid drop is 

    p = pi - po 

Due to excess pressure inside the liquid drop, the free surface of the drop will experience the net force in the outward 

direction due to which the drop will expand. 

Let the free surfaces be displaced by dR under isothermal conditions. Therefore, excess pressure does the work in 

displacing the surface and that work will be stored in the form of potential energy. 

The work done by excess pressure in displacing the surface is 

dW = force × displacement 

     = (excess pressure x Surface area × displacement of surface) 

 

                                                                                     

Increase in potential energy is 

                     

 

                                                                                 

 

 

 

                    

                              
 

Excess pressure inside a liquid drop 



Consider a soap bubble of radius R and surface tension T. There are two free surfaces of soap bubble. Due to surface 

tension, the molecules on the surface film experience the net force in the inward direction normal to the surface. Therefore, 

there is more pressure inside than outside. 

Let pi be the pressure inside the drop and po be the pressure outside the drop. Therefore, excess pressure inside the liquid 

drop is 

   p = pi - po 

Due to excess pressure inside the liquid drop, the free surface of the drop will experience the net force in the outward 

direction due to which the drop will expand. 

Let the free surfaces be displaced by dR under isothermal conditions. Therefore, excess pressure does the work in 

displacing the surface and that work will be stored in the form of potential energy. 

The work done by excess pressure in displacing the surface is 

dW = force × displacement 

     = (excess pressure x Surface area × displacement of surface) 

 

                                                                                     

Increase in potential energy is 

                     

 

                                                                                 

 

From (1) and (2), we get 

 

 

                    

                              
 

Excess pressure inside a soap bubble 



A aspirator is a vacuum ejector or simply ejector is a type 

of vacuum pump. 

Orifice = a hole or an opening 



The critical temperature of a 

substance is the temperature at and 

above which vapor of the substance 

cannot be liquefied, no matter how 

much pressure is applied. Every 

substance has a critical temperature.  
 

A temperature coefficient describes the 

relative change of a physical property 

that is associated with a given change 

in temperature. The change in size or 

volume of a given mass with 

temperature. 



Excess Pressure Inside a Curved Surface 








