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Heat transfer mechanisms and modes 

Heat is a sort of energy interaction between a system and its surroundings. 

It is originated from temperature difference between the system and the surroundings. 
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Heat is a transfer quantity, is not a system property. 
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If T1 >T2 >T3 >T4 >T5 >T6, heat flow in unit area (heat flux) perpendicular to the isotherms in a proportional 

manner as 

𝑞" ∝
𝑑𝑇

𝑑𝑥
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Here dT/dx is a property gradient and q” a transfer quantity, the above proportionality indicates relation 

between this quantity and the gradient. The proportionality constant is a physical property of the matter that 

the transfer taking place. Then the proportionality becomes anequality by  

𝑞" = −𝑘
𝑑𝑇

𝑑𝑥
 

That is well known Fourier’s Law of Heat Conduction 

Another mechanism comes from our experience is the heat transfer between a surface and a moving fluid as 

indicated the illustration below called convection.  

 

In this case the proportionality exist between temperature difference (Ts -T) and the heat flux q” as 

𝑞" ∝ (𝑇𝑠 − 𝑇∞) 

Then the convection heat transfer coefficient h relates the heat and the temperature difference as 

𝑞" = ℎ(𝑇𝑠 − 𝑇∞) 

is the convection equation known as Newton’s Law of Cooling. 

 The third heat transfer mode is heat radiation which is quite different from the first two mechanisms. 

 

 The conduction takes place at place no matter the substance is solid, liquid or gas. 

 

 The convection can be only occurs in a fluid (liquids and gasses) because particles (atoms, 

molecules, etc.) must be replaced from one point to another in order to convection transfer sustained. 

 

 Radiation is phenomena that is basically different from the conduction and the convection in two 

ways: 

 It can take place also through non-existing matter (vacuum, space etc.) 

 Without requiring a continuing function of temperature. 

A clear example of the mechanism is the heat gain of the earth from the sun (or heat loss of the earth 

to the space)  
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 Each surface at a finite temperature emits T4 amount of thermal energy by electromagnetic 

waves.   

 This fact known as Stefan-Boltzman Law of Thermal Radiation.  

 

Here  is the surface emissivity and takes the value as 0 <  <1.  is the Stefan-Boltzman 

constant and has the constant value of  = 5.67x10-8 W/m2K4 

 

 

 

qi : Incoming radiation 

qr : Reflection 

qe : Emission 

q : Absorption 

 

Absorptivity of a surface  also takes the value of 0 <  < 1. 

If  =  is the case it is called Gray Surface. 

Then net radiant heat exchange between the surfaces indicated 

in the figure is  

 

𝑞" = 𝜀𝜎(𝑇1
4 − 𝑇2

4) 

 

 

 

 



S.ME 4012 HEAT AND MASS TRANSFER                                                                                           

Review of heat transfer fundamentals 
 

Example problem:

 
For the steady state condition temperature profile is linear, 

 
Then the Fourier law becomes 
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Example problem: 
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Conservation of Energy Principle: 

 

Conservation of energy for control volume 

(CV) at an instant of time 

Considering only the thermal energy one 

can state that: 

 

The rate of increase of thermal energy in the CV must equal the rate at which thermal 

energy enters the CV, minus the rate at which thermal energy leaves the CV, plus the rate at 

which thermal energy is generated within the CV. 

 
or 

 
 

The surface energy balance: 
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Example problem: 

Consider a wall has temperatures 80 C and 10 C at surfaces and its thermal conductivity is 

2 W/mK. Convective heat loss from the cold surface is 100 W/m2. What is the thickness of 

this wall? 

𝑞𝑐𝑜𝑛𝑑
" − 𝑞𝑐𝑜𝑛

" = 0 

𝑘

𝐿
(𝑇1 − 𝑇2) = 𝑞𝑐𝑜𝑛

" = 100 𝑊/𝑚2 

 

𝐿 =
𝑘

100
(𝑇1 − 𝑇2) =

2 𝑊/𝑚𝐾

100 𝑊/𝑚2
(80 − 10)𝐾  = 1.4 m 

 

Example problem: 

Consider a wall of perfectly insulated from one side and has 250 W/m2 gain of heat from the 

other side. The surface gained heat is subjected to absolute vacuum condition and 

simultaneously losses heat to surroundings at -10 C. Assume the surface is black. What is 

the surface temperature? 

𝑞𝑔𝑎𝑖𝑛
" − 𝑞𝑟𝑎𝑑

" = 0 

250 𝑊/𝑚2 = 𝜎(𝑇𝑠
4 − 𝑇𝑠𝑢𝑟𝑟.

4 ) 

 

𝑇𝑠 =  (
250

𝜎
+ (263)4)

1 4⁄

=  (
250

5,67
108 + (263)4)

1 4⁄

 = 309.65 K = 36.65 C 

 


