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Chapter Five 

Viscosity 
5.1 Viscosity of Liquid: 

Whenever a liquid flows on a horizontal surface, the velocities of the different layers of 
the liquid parallel to the fixed surface are different and increase with the distance from the 
fixed surface. This property is called viscosity or internal friction. 
In a general sense, viscosity refers to the internal friction of a fluid. 
 
The force (푭) required moving the upper plate at a fixed speed (풗) is therefore: 

푭 = − 휼 푨 
풅풗
풅풙

 

푶풓   푭 = 휼 푨 
풗
풅

  … (ퟏ) 

where 휼 is the coefficient of viscosity of the fluid, 풅풗
풅풙

 is velocity gradient (change of 

velocity with distance), and 푨 is area. 
The negative sign shows that the force is acting opposite to the direction of velocity. 
The SI units of viscosity are 푵 .  풔

풎ퟐ . The units of viscosity in many reference sources are 

often expressed in 풅풚풏풆 .  풔
풄풎ퟐ , called 1 poise, in honor of the French scientist J. L. Poiseuille 

(1799–1869). The relationship between the SI unit of viscosity and the poise is: 

ퟏ 푷풐풊풔풆 = ퟏퟎ ퟏ  
푵. 풔
풎ퟐ  

Small viscosities are often expressed in centipoise (cp), where 1 cp = 10-2 poise. The 
coefficients of viscosity for some common substances are listed in Table [1]. 

 
Poise: The coefficient of viscosity of a liquid is poise, if a force of 1 Dyne is required 
to maintain a velocity gradient of one unit between two layers of area 1 cm2 each. 
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5.2 Viscosity of Gases: 

The coefficient of viscosity of gases can be determined by using liquid equations, with 
certain modification. 
Liquids are practically incompressible and hence the density of the liquid almost 
remains constant irrespectity (دان  of the changes in pressure. But in the case of (ب گو
gases the density is varies with pressure. 
For liquids, the volume (or mass) flowing per second across any cross-section is constant. 
In the case of gases, the mass (not volume) of the gas flowing per second at any cross-
section is constant. 
 
5.3 Poiseuille's Method for Coefficient of Viscosity: 

Consider a liquid flowing in a capillary tube:  
퐿: Length of tube, 푟: Radius of tube and  
푣: Velocity at all points on the cylindrical shell of radius 
The tangential force acting in opposite direction to direction of flow is given by:  

푭 = −휼푨
풅풗
풅풙

 

where 푨 = ퟐ흅풙푳, Then above equation becomes: 

푭 = −ퟐ흅휼풙푳
풅풗
풅풙

 

But 푭 = 푷푨 = 푷흅풙ퟐ 
where 푷 = 푷ퟏ − 푷ퟐ is the difference in pressure between the two ends of the capillary 
tube. 
From these two equations: 

푃휋푥 = −2휋휂푥퐿
풅풗
푑푥

 

푑푣 = −
휋푃푥

2휋휂푥퐿
푑푥. . . (2) 

We take integrating for both sides in equation (2), we get; 

푑푣 = −
푃

2휂퐿
푥푑푥 → 푣 = −

푃
2휂퐿

⋅
푥
2

+ 퐶 

풗 = −
푷풙ퟐ

ퟒ휼푳
+ 푪. . . (ퟑ) 
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Now  풗 = ퟎ  when  풙 = 풓 

∴ 0 = −
푃푟
4휂퐿

+ 퐶 ⇒ 퐶 =
푃푟
4휂퐿

 

Substituting C in equation (3): 

풗 =
푷

ퟒ휼푳
(풓ퟐ − 풙ퟐ). . . (4) 

This is the velocity of flow of the liquid at a distance x from the axis of the tube. 
 
Volume of the liquid between the two layers per second: 

흋 =
풅푽
풅풕

= 풗푨 → 풅휑 = 푣풅퐴. . . (5) 

where 푨 = 흅풙ퟐ → 풅푨 = ퟐ흅풙풅풙, and substituting equation (4) into equation (5), then 
equation (5) becomes: 

푑휑 =
푃

2 ∗ 2휂퐿
(푟 − 푥 ) (2휋푥푑푥). . . (6) 

Rate of flow of the liquid through the whole tube is given by: 

휑 =
휋푃
2휂퐿

(푟 − 푥 )푥푑푥 

휑 =
휋푃
2휂퐿

푟 푥
2

−
푥
4

=
휋푃
2휂퐿

푟 푟
2

−
푟
4

=
휋푃
2휂퐿

푟
4

 

휑 =
휋푃푟
8휂퐿

. . . (7) 

and 

휼 =
흅푷풓ퟒ

ퟖ흋푳
. . . (7) 

where 휼 is the coefficient of viscosity of the fluid. 
Equation (7) represent of Poiseuille's Law. 
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5.4 Reynolds Number:  

At sufficiently high velocities, fluid flow changes from simple streamline flow to turbulent 
flow, characterized by a highly irregular motion of the fluid.  
Experimentally, the onset of turbulence in a tube is determined by a dimensionless 
factor called the Reynolds number (RN), given by: 

푹푵 =
흆흂풅

휼
  … (8) 

 
where 흆 is the density of the fluid, 흂 is the average speed of the fluid along the direction 
of flow, 풅 is the diameter of the tube, and    is the viscosity of the fluid. If RN is below 
about 2000, the flow of fluid through a tube is streamline; turbulence occurs if RN is above 
3000. In the region between 2000 and 3000, the flow is unstable, meaning that the fluid 
can move in streamline flow, but any small disturbance will cause its motion to change to 
turbulent flow. 
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Example 1: A flat plate of area ퟏퟎ 풄풎ퟐ is separated from a large plate by a layer of 
glycerin 1mm thick. If the viscous coefficient of glycerin is ퟐퟎ 품/풄풎 ⋅ 풔풆풄, what force 
is required to keep the plate moving with a velocity of ퟏ 풄풎/풔풆풄? 
Solution:  
휂 = 20푔/푐푚 ⋅ 푠푒푐,  퐴 = 10 푐푚 ,  푣 = 1 ,  푥 = 1푚푚 = 0.1푐푚 

푭 = −휼푨
풅풗
풅풙

 

퐹 = −20 × 10 ×
1

0.1
= 2000 푑푦푛푒푠 

Example 2: A patient receives a blood transfusion through a needle of radius ퟎ. ퟐퟎ 풎풎 
and length ퟐ. ퟎ 풄풎. The density of blood is ퟏퟎퟓퟎ 풌품/풎ퟑ. The bottle supplying the 
blood is ퟎ. ퟓퟎ 풎 above the patient’s arm. What is the rate of flow through the needle?  
(휼 = ퟎ. ퟎퟎퟐퟕ푵. 풔/풎ퟐ) 
Solution:  
푷 = 푷ퟏ − 푷ퟐ = 흆품풉 = 1050 × 9.8 × 0.5 = 5.15 × 10  푃푎 

흋 =
흅푷풓ퟒ

ퟖ휼푳
=

휋 × 2 × 10 × 5.15 × 10
8 × 2.7 × 10 × 2 × 10

= 6 × 10  풎ퟑ/풔 

Example 3: Determine the speed at which blood flowing through an artery of diameter 
ퟎ. ퟐퟎ 풄풎 will become turbulent. (In example 3). 푹푵 =  ퟑퟎퟎퟎ. 
Solution: 

 
Example 4: Water flows through a horizontal capillary tube of 1 mm internal diameter 
and length 70cm under pressure of a column of water 30cm in height. Find the rate of 
water through the capillary tube. Viscosity of water = ퟐퟎ ퟑ푵. 푺/풎ퟐ. 
Solution: 
푟 = 0.5 푚푚 = 5 × 10  푚,  퐿 = 0.7 푚,   휂 = 10  푁. 푠/푚  
푃 = 30 푐푚 = 0.3 푚 표푓푤푎푡푒푟 = 0.3 × 10 × 9.8푁/푚  

흋 =
흅푷풓ퟒ

ퟖ휼푳
 

휑 = × . × × . ×( × )
× × .

  

휑 = 1.038 × 10 푚 /푠 
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Home Work: 

Q 1: A pipe carrying water from a tank 20 푚 tall must cross 3 × 10  푘푚 of wilderness to 
reach a remote town. Find the radius of pipe so that the volume flow rate is at least 
0.05 푚 /푠. (Use the viscosity of water at 20°C.) 
Answer:  0.118 m 
 
 
 
 
 
 
 
 
 
 
 
Q 2: Determine the speed v at which water at 20° sucked up a straw would become 
turbulent. The straw has a diameter of 0.0060 푚. 
Answer:  0.50 m/s 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 


