
Fluid mechanics / Lecture 2 



Surface Tension :- the property of the liquid surface 

film to exert tension is called the surface tension. 

Surface tension is a measure of liquid tendency to 

take a spherical shape, caused by the mutual 

attraction of the liquid molecules. 
 

 Cohesion :- force attraction between the molecules 

of the same liquid. 

 Adhesion :- force of attraction between the 

molecules of different liquids or between the liquid 

molecules and solid boundary containing the liquid. 

 



Cohesion enables a liquid to resist very small 

tensile stress while adhesion enables a liquid to 

adhere to another body. 

Surface tension is due to cohesion between 

particles at the surface of liquid. 

Surface tension is the force exerted by the free 

surface of the liquid per unit length. 

Units :- Newton per meter (N/m) 

 



 Dimension :- [ MT-2 ] 

The surface energy per unit area of interface is called 
surface tension. 

 It is also expressed as work done per unit surface area. 

 

 

          

As temperature increases, surface tension decreases 

( because cohesion decreases). 

A (tensiometer) and (stalagmometer) are the 
experimental instruments used to measure the surface 
tension of liquid. 

 



Pressure Inside a Water Droplet, Soap Bubble and a Liquid 
Jet  
• case1/ water droplet:- 

  p= pressure inside the droplet above outside pressure. 

  d= diameter of the droplet and 

   σ= surface tension  

from free body diagram, we have:- 

 

  



i. Pressure force =  

ii. Surface tension force acting around the circumference  

 

Under equilibrium conditions these two forces will be equal and 
opposite,  

 

 

This eq. shows that with an increase in size of the droplet the 
pressure intensity decreases. 



• Case II. Soap (or hollow) bubble: Soap bubbles have two surfaces 
on which surface tension σ acts. 

From the free body diagram we have:- 

 

 

 

 

 

Since the soap solution has a high value of surface tension σ, even 
with small pressure of blowing a soap bubble will tend to grow 
larger in diameter (hence formation of large soap bubbles) 

• Case III. A Liquid jet:  

Let us consider a cylindrical liquid jet of diameter d and length l, 

 



• Example / If the surface tension at air-water interface is 0.069 N/m, 
what is the pressure difference between inside and outside of an air 
bubble of diameter 0.009 mm?  

   Solution/ 

Given: σ = 0.069 N/m; d = 0.009 mm  

An air bubble has only one surface. Hence,  

 





Capillary :-  the phenomenon of rise or fall of a liquid surface relative to the 

adjacent general level of liquid in small diameter tubes. The rise of liquid surface 

is designated as capillary rise and lowering is called capillary depression. 

Capillarity is due to both cohesion and adhesion. 

 

 

 

 

 

• Capillary rise:- for a liquid in contact with the surface, if adhesion 

predominates cohesion than the liquid will wet the surface with which it is 

in contact and tend to rise at the point of contact. 

 

 



• The free surface of the fluid will be concave upward and the contact angle 

(Ɵ) will be less than 90ᴼ. Example :- immersion of a glass tube in water. 
 

• Capillary fall:- if for any liquid, in contact with a surface. Cohesion 

predominates the liquid will not wet the surface and the liquid surface will 

be depressed at the point of contact. 

• The liquid surface will be concave downward and the angle of contact Ɵ will 

be greater than 90ᴼ. 

• Such a phenomenon of rise or fall of liquid surface relative to the adjacent 

general level of liquid is known as capillarity. 

 







Compressibility :- all materials are compressible under the 

application of an external force. The compressibility of a fluid is 

defined as the change in volume of the fluid due to change in 

pressure. It is inversely proportional to the bulk modulus (K)  

 



• Liquids are ordinary considered incompressible fluids since the 

change in volume (or density per unit mass) is so small that can be 

neglected, (K is constant).  When (K) change, this means that the 

fluid is compressible such as in air (gasses in general). 

 



Vapor pressure:- 
 All liquids have a tendency to evaporate or vaporize (i.e., to change from the 
liquid to the gaseous state). Molecules are continuously projected from the free 
surface to the atmosphere. These ejected molecules are in a gaseous state and 
exert their own partial vapour pressure on the liquid surface. This pressure is 
known as the vapour pressure of the liquid (pv). If the surface above the liquid is 
confined, the partial vapour pressure exerted by the molecules increases till the 
rate at which the molecules re-enter the liquid is equal to the rate at which they 
leave the surface. When the equilibrium condition is reached, the vapour 
pressure is called saturation vapour pressure (pvs ). The following points are 
worth noting:  



1. If the pressure on the liquid surface is lower than or equal to 
the saturation vapour pressure, boiling takes place.  

2. Vapour pressure increases with the rise in temperature.  

3. Mercury has a very low vapour pressure and hence, it is an 
excellent fluid to be used in a barometer. 

 




