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IDEAL SCHOOL OF ENGINEERING 
SUB: THERMAL ENGINEERING – II – 4th Sem. 

Chapter: HEAT TRANSFER 

Difference between heat and temperature 

In heat transfer problems, we often interchangeably use the terms heat and 

temperature. Actually, there is a distinct difference between the two. 

Temperature is a measure of the amount of energy possessed by the molecules of 

a substance. It manifests itself as a degree of hotness, and can be used to 

predict the direction of heat transfer. The usual symbol for temperature is T. The 

scales for measuring temperature in SI units are the Celsius and Kelvin 

temperature scales. Heat, on the other hand, is energy in transit. Spontaneously, 

heat flows from a hotter body to a colder one. The usual symbol for heat is Q. In 

the SI system, common units for measuring heat are the Joule and calorie. 

Difference between thermodynamics and heat transfer 

Thermodynamics tells us: 

• how much heat is transferred (dQ) 

• how much work is done (dW) 

• final state of the system 

Heat transfer tells us: 

• how (with what modes) dQ is transferred 

• at what rate dQ is transferred 

• temperature distribution inside the body 

 

 

Modes of Heat Transfer 

 

 ·Conduction: An energy transfer 

across a system boundary due to a 

temperature difference by the 

mechanism of intermolecular 

interactions. Conduction needs matter 

and does not require any bulk motion 

of matter.  
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Conduction is at transfer through solids or stationery fluids. When you 

touch a hot object, the heat you feel is transferred through your skin by 

conduction. Two mechanisms explain how heat is transferred by 

conduction: lattice vibration and particle collision. Conduction through 

solids occurs by a combination of the two mechanisms; heat is conducted 

through stationery fluids primarily by molecular collisions.   

 

In solids, atoms are bound to each other by a series of bonds, analogous to 

springs. When there is a temperature difference in the solid, the hot side of 

the solid experiences more vigorous atomic movements. The vibrations are 

transmitted through the springs to the cooler side of the solid. Eventually 

they reach equilibrium, where all the atoms are vibrating with the same 

energy.  

 

Solids, especially metals, have free electrons, which are not bound to any 

particular atom and can freely move about the solid. The electrons in the 

hot side of the solid move faster than those on the cooler side. This 

scenario is shown in Figure 1.2. As the electrons undergo a series of 

collisions, the faster electrons give off some of their energy to the slower 

electrons. Eventually, through a series of random collisions, equilibrium is 

reached, where the electrons are moving at the same average velocity. 

Conduction through electron collision is more effective than through lattice 

vibration; this is why metals generally are better heat conductors than 

ceramic materials, which do not have many free electrons. 

 

In fluids, conduction occurs 

through collisions between 

freely moving molecules. The 

mechanism is identical to 

the electron collisions in 

metals. The effectiveness by 

which heat is transferred 

through a material is 

measured by the thermal conductivity, k. A good conductor, such as copper, has 

a high conductivity; a poor conductor, or an insulator, has a low conductivity. 

 

Thermal Conductivity is measured in watts per meter per Kelvin (W/mK). The 

rate of heat transfer by conduction is given by: 

Where, A is the cross-sectional area, through which the 

heat is conducting, T is the temperature difference 
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between the two surfaces separated by a distance Δx (see Figure). In heat 

transfer, a positive q means that heat is flowing into the body, and a negative q 

represents heat leaving the body. 

 Convection:  Convection uses the motion of fluids to transfer heat. In a 

typical convective heat transfer, a hot surface heats the surrounding fluid, 

which is then carried away by fluid movement such as wind. The warm 

fluid is replaced by cooler fluid, which can draw more heat away from the 

surface. Since the heated fluid is constantly replaced by cooler fluid, the 

rate of heat transfer is enhanced.   

 

Natural convection (or free convection) refers to a case where the fluid 

movement is created by the warm fluid itself. The density of fluid decrease 

as it is heated; thus, hot fluids are lighter than cool fluids. Warm fluid 

surrounding a hot objects rises, and is replaced by cooler fluid. The result 

is a circulation of air above the warm surface, as shown in Figure. 

Forced convection uses external means of producing fluid movement. Forced 

convection is what makes a windy, winter day feel much colder than a calm day 

with same temperature. The heat loss from your body is increased due to the 

constant replenishment of cold air by the wind. Natural wind and fans are the 

two most common sources of forced convection.  

 

Convection coefficient, h, is the measure of how effectively a fluid transfers heat 

by convection. It is measured in W/m2K, and is determined by factors such as 

the fluid density, viscosity, and velocity. Wind blowing at 5 mph has a lower h 

than wind at the same temperature blowing at 30 mph. The rate of heat transfer 

from a surface by convection is given by:  

 

 

Where, A is the surface area of the object, T surface is the surface temperature, 

and T∞ is the ambient or fluid temperature. 
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 Radiation:  Radioactive heat transfer does not require a medium to pass 

through; thus, it is the only form of heat transfer present in vacuum. It uses 

electromagnetic radiation (photons), which travels at the speed of light and 

is emitted by any matter with temperature above 0 degrees Kelvin (-273 

°C). Radioactive heat transfer occurs when the emitted radiation strikes 

another body and is absorbed. We all experience radioactive heat transfer 

everyday; solar radiation, absorbed by our skin, is why we feel warmer in 

the sun than in the shade.   

 

The electromagnetic spectrum classifies radiation according to 

wavelengths of the radiation. Main types of radiation are (from short to 

long wavelengths): gamma rays, x-rays, ultraviolet (UV), visible light, 

infrared (IR), microwaves, and radio waves. Radiations with shorter 

wavelengths are more energetic and contain more heat. X-rays, having 

wavelengths ~10-9 m, are very energetic and can be harmful to humans, 

while visible light with wavelengths ~10-7 m contain less energy and 

therefore have little effect on life. A second characteristic which will 

become important later is that radiation with longer wavelengths generally 

can penetrate through thicker solids. Visible light, as we all know, is 

blocked by a wall. However, radio waves, having wavelengths on the 

order of meters, can readily pass through concrete walls.  

 

Anybody with temperature above 0 Kelvin emits radiation. The type of 

radiation emitted is determined largely by the temperature of the body. 

Most "hot" objects, from a cooking standpoint, emit infrared radiation. 

Hotter objects, such as the sun at ~5800 K, emits more energetic radiation 

including visible and UV. The visible portion is evident from the bright glare 

of the sun; the UV radiation causes tans and burns.  

 

The amount of radiation emitted by an object is given by:  

Where, A is the surface area, T is the temperature of the body, σ is a constant 

called Stefan-Boltzmann constant, equal to 5.67×10-8 W/m2K4, and ε is a 

material property called emissivity. The emissivity has a value between zero and 

1, and is a measure of how efficiently a surface emits radiation. It is the ratio of 

the radiation emitted by a surface to the radiation emitted by a perfect emitter at 

the same temperature.  

The emitted radiation strikes a second surface, where it is reflected, absorbed, or 

transmitted (Figure 1.5). The portion that contributes to the heating of the surface 

is the absorbed radiation. The percentage of the incident radiation that is 

absorbed is called the absorptivity, . 
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The amount of heat absorbed by the surface is given by:  

 

 

 

 

 

 

 

 

Where, I is the incident radiation. The incident radiation is determined by the 

amount of radiation emitted by the object and how much of the emitted radiation 

actually strikes the surface. The latter is given by the shape factor, F, which is 

the percentage of the emitted radiation reaching the surface. The net amount of 

radiation absorbed by the surface is:  

 

For an object in an enclosure, the radioactive exchange between the object and 

the wall is greatly simplified:  

 

Fourier’s Law of Heat Conduction 

The law of heat conduction is also known as Fourier’s law. Fourier’s law states 

that, “the time rate of heat transfer through a material is proportional to 

the negative gradient in the temperature and to the area.” 

Q = -kA(dT/dx) 

Where, 
 ‘Q’ is the heat flow rate by conduction (W) 
 ‘k’ is the thermal conductivity of body material (W·m−1·K−1) 
 ‘A’ is the cross-sectional area normal to direction of heat flow (m2)  
 ‘dT/dx’ is the temperature gradient (K·m−1). 
 Negative sign in Fourier’s equation indicates that the heat flow is in 

the direction of negative gradient temperature and that serves to 
make heat flow positive. 

https://me-mechanicalengineering.com/modes-of-heat-transfer/
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 Thermal conductivity ‘k’ is one of the transport properties. Other is 
the viscosity associated with the transport of momentum, diffusion 
coefficient associated with the transport of mass. 

 Thermal conductivity ‘k’ provides an indication of the rate at which 
heat energy is transferred through a medium by conduction process. 

 
Assumptions of Fourier equation: 
 

 Steady state heat conduction. 
 One directional heat flow. 
 Bounding surfaces are isothermal in character that is constant and 

uniform temperatures are maintained at the two faces. 
 Isotropic and homogeneous material and thermal conductivity ‘k’ is 

constant. 
 Constant temperature gradient and linear temperature profile. 
 No internal heat generation. 

 

Features of Fourier Equation: 
 

 Fourier equation is valid for all matter solid, liquid or gas. 
 The vector expression indicating that heat flow rate is normal to an 

isotherm and is in the direction of decreasing temperature. 
 It cannot be derived from first principle. 
 It helps to define the transport property ‘k’. 

 

Differential Form of Fourier’s Law 
 

Fourier’s law differential form is as follows: 

 

 

Where, 

 q is the local heat flux density in W.m2 

 k is the conductivity of the material in W.m-1.K-1 

 ▽T is the temperature gradient in K.m-1 
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Newton's Law of Cooling 

Newton's Law of Cooling states that the rate of change of the temperature of an 

object is proportional to the difference between its own temperature and the 

ambient temperature (i.e. the temperature of its surroundings). 

Newton's Law makes a statement about an instantaneous rate of change of the 

temperature. We will see that when we translate this verbal statement into a 

differential equation, we arrive at a differential equation. The solution to this 

equation will then be a function that tracks the complete record of the 

temperature over time. Newton's Law would enable us to solve the following 

problem. 
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Kirchhoff’s Law of Thermal Radiation –  
 

“Kirchhoff’s law of thermal radiation, postulated by a German physicist Gustav 

Robert Kirchhoff, states that the emissivity and the absorptivity of a surface at a 

given temperature and wavelength are equal”. 

Kirchhoff’s Law of Thermal Radiation 

In general, both the emissivity, ε,  and the absorptivity, α, of a surface depend 
on the temperature and the wavelength of the radiation. Kirchhoff’s law of 
thermal radiation, postulated by a German physicist Gustav Robert Kirchhoff, 
states that the emissivity and the absorptivity of a surface at a given 
temperature and wavelength are equal. 
 
Kirchhoff’s Law of Thermal Radiation: 

 
For an arbitrary body emitting and absorbing thermal radiation in 

thermodynamic equilibrium, the emissivity is equal to the absorptivity. 

emissivity ε = absorptivity α 

 

 

 

https://www.nuclear-power.net/nuclear-engineering/heat-transfer/radiation-heat-transfer/emissivity-emissivity-of-materials/
https://www.nuclear-power.net/nuclear-engineering/heat-transfer/radiation-heat-transfer/absorptivity-absorptance/
https://www.thermal-engineering.org/what-is-temperature-physics-definition/
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Assignment Questions 

1. Differentiate between Heat & Temperature. 

2. Differentiate between Thermodynamics & Heat transfer 

3. Describe briefly about the different modes of Heat transfer. 

4. Define Fourier law of Heat Conduction. 

5. Write the assumptions of Fourier equation. 

6. What is Thermal Conductivity? Mention its unit. 

7. Define Newton’s law of cooling 

8. State the Stefan Boltzmann’s Law. 

9. Define Kirchhoff’s Law of Thermal radiation 

10. State the Planck’s Law. 

11. State the Black Body radiation 

12. Define Absorption, Reflection, & Transmission of a black body 

13. Define gray bodies. 

14. What is the concept of black body? 

15. Define Natural & Forced Convection. 
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