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Internal Assessment Test 2 – May. 2022 

Sub: HEAT TRANSFER Sub Code: 18ME63 Branch: ME 

Date: 09.06.2022 Duration: 90 min Max Marks: 50 Sem / Sec: VI/A&B OBE 

Answer All the Questions 

Use of Heat Transfer Data handbook is permitted 

 

MARKS CO RBT 

1 
What do you mean by critical radius of insulation? Derive an expression for critical 
radius of insulation for cylinders. 

[10] CO2 
L2 

L3 

2 
Derive an expression for the temperature distribution and heat flow for a pin fin 
when the end of the fin is insulated. 

[10] CO2 L3 

3 

A rod (k =200 W/mk) 5mm in diameter and 5 cm long has its one end maintained 

at 100C. The surface of the rod is exposed to ambient air at 25C with convection 
heat transfer coefficient 100 W/m2K. Assuming other end is insulated, determine: 

(i) the temperature of rod at 20mm distance from the end at 100C (ii) Heat 
dissipation rate from the surface of rod (iii) Effectiveness 

[10] CO2 L3 

 

4 

A longitudinal copper fin (k=380 W/mK) 600 mm long and 5 mm diameter is 

exposed to air stream at 20C. The convective heat transfer coefficient is 20 W/m2K. 

If the fin base temperature is 150C, determine: (i)The rate of heat transfer (ii)Fin 
efficiency (iii)Fin effectiveness 

[10] CO2 L3 

5 

A short fin with insulated tip of 0.08 m length and diameter 12 mm is exposed to air 
at 30°C. Thermal conductivity is 15 W/mK. The base temperature is 280°C. The heat 
dissipated by the fin is 7W. Determine the value of convection coefficient. Also 
determine the tip temperature. 

[10] CO2 L3 
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1) 

CRITICAL THICKNESS / RADIUS OF INSULATION 

In cylinders and spheres, the additional insulation increases the conduction resistance of 

insulation and decreases the convection resistance of the surface and thus net resistance 

(and thus the rate heat transfer) may increase or decrease with the variation of insulation 

thickness.  

The radius of insulation at which the rate of heat transfer is maximum (net thermal 

resistance is minimum) is called critical radius of insulation. The thickness of insulation 

corresponding to critical radius of insulation is called as critical thickness of insulation. 

If the thickness of insulation is lower than the critical thickness of insulation, rate of heat 

transfer increases on increasing the insulation thickness up to critical thickness. Further 

increase in thickness of insulation results in decrease in rate of heat transfer. 

The thickness of insulation up to which heat flow increases and after which heat flow 

decreases is called as critical thickness of insulation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CRITICAL THICKNESS 

/ RADIUS OF INSULATION (For Cylinders) 



 

 

Consider a cylinder at a temperature T1, radius 

r1 and length L to be insulated with a 

material with thermal conductivity k. 

Let the material be surrounded by ambient 

at temperature T and heat transfer 

coefficient be h for convective heat transfer 

from the outer surface to the surroundings.  

Let the thickness of insulation be t and outer 

radius of insulation be r. 

The net thermal resistance between T1 and 

T can be given by: 

𝐑𝐭𝐡 =
𝐥𝐧 (

𝐫
𝐫𝟏

)

𝟐𝛑𝐤𝐥
+ 

𝟏

𝐡 ×  𝟐𝛑𝐫𝐥
 

𝐀𝐭 𝐫 =  𝐫𝐜, 𝐐 = 𝐐𝐦𝐚𝐱 𝐚𝐧𝐝 𝐑𝐭𝐡 =  𝐑𝐦𝐢𝐧 

∴  
dRth

dr
= 0 

d

dr
(

ln (
r
r1

)

2πkl
+ 

1

h ×  2πrl
) = 0 

1

r ×  2πkl
+ 

−1

r2 ×  2πhl
= 0 

1

kr
− 

1

hr2
= 0 

𝐫 =  
𝐤

𝐡
 

For a cylinder, 

Critical radius of insulation, 𝐫𝐜 =  
𝐤

𝐡
 

Critical thickness of insulation, 𝐭𝐜 = (𝐫𝐜 − 𝐫𝟏) =  (
𝐤

𝐡
− 𝐫𝟏) 

 

 

 

 

 

 

 

 

Checking for minima at r = k/h: 

𝑑2Rth

dr
=  

d

dr
(

1

r ×  2πkl
+ 

−1

r2 ×  2πhl
) 

 
𝑑2Rth

dr
=  (

−1

r2 ×  2πkl
+  

−1 × −2

r3 ×  2πhl
) 

𝐴𝑡 r =  
k

h
: 

𝑑2Rth

dr
=  (

−1

(
k
h

)
2

×  2πkl

+  
2

(
k
h

)
3

×  2πhl

) 

𝑑2Rth

dr
=  (

−ℎ2

2πl𝑘3
+ 

2ℎ2

2πl𝑘3
) 

𝑑2Rth

dr
=  

ℎ2

2πl𝑘3
 > 0 

∴  Rth =  Rmin 𝑎𝑡 𝑟 =  
k

h
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