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UNIT 1 
HEAT CONDUCTION 



OBJECTIVES: 

1. To learn different modes of heat transfer 
2. To provide knowledge heat transfer through conduction, 

convection & radiation 

Outcomes: 

1. Student will be able to understand how heat & energy is 
transferred between elements of a system. 

2. Able to solve problems involving one or more modes of heat 
transfer. 
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 Introduction 

 Heat is fundamentally transported, or “moved,” by a temperature gradient; it flows or 
is transferred from a high temperature region to a low temperature one. An 
understanding of this process and its different mechanisms are required to connect 
principles of thermodynamics and fluid flow with those of heat transfer. 

 Thermodynamics and Heat Transfer 

 Thermodynamics is concerned with the amount of heat transfer as a system undergoes 
a process from one equilibrium state to another, and it gives no indication about how 
long the process will take. A thermodynamic analysis simply tells us how much heat must 
be transferred to realize a specified change of state to satisfy the conservation of energy 
principle. 

 In practice we are more concerned about the rate of heat transfer (heat transfer per 
unit time) than we are with the amount of it. For example, we can determine the amount 
of heat transferred from a thermos bottle as the hot coffee inside cools from 90°C to 
80°C by a thermodynamic analysis alone. 

 But a typical user or designer of a thermos is primarily interested in how long it will be 
before the hot coffee inside cools to 80°C, and a thermodynamic analysis cannot answer 
this question. Determining the rates of heat transfer to or from a system and thus the 
times of cooling or heating, as well as the variation of the temperature, is the subject of 
heat transfer (Figure 1.1). 

 

Fig. 1.1 Heat transfer from the thermos 
 Thermodynamics deals with equilibrium states and changes from one equilibrium state 

to another. Heat transfer, on the other hand, deals with systems that lack thermal 
equilibrium, and thus it is a nonequilibrium phenomenon. Therefore, thestudy of heat 
transfer cannot be based on the principles of thermodynamics alone. 

 However, the laws of thermodynamics lay the framework for the science of heat 
transfer. The first law requires that the rate of energy transfer into a system be equal 



to the rate of increase of the energy of that system. The second law requires that heat 
be transferred in the direction of decreasing temperature (Figure 1.2). 

Fig. 1.2 Heat transfer from high temperature to low temperature 

 Application Areas of Heat Transfer 
 Many ordinary household appliances are designed, in whole or in part, by using the 

principles of heat transfer. Some examples: 
 Design of the heating and air-conditioning system, the refrigerator and freezer, the 

water heater, the iron, and even the computer, the TV, and the VCR 
 Energy-efficient homes are designed on the basis of minimizing heat loss in winter and 

heat gain in summer. 
 Heat transfer plays a major role in the design of many other devices, such as car 

radiators, solar collectors, various components of power plants, and even spacecraft. 
 The optimal insulation thickness in the walls and roofs of the houses, on hot water or 

steam pipes, or on water heaters is again determined on the basis of a heat transfer 
analysis with economic consideration (Figure 1.3) 

 
Fig. 1.3 Application of heat transfer 
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Dimensional Analysis 
 
 
 
 



• Dimensional analysis is a mathematical method 
which makes use of the study of the dimensions 
for solving several engineering problems. 

• This method can be applied to all types of fluid 
resistances, heat flow problems and many other 
problems in fluid mechanics and 
thermodynamics. 

• In dimensional analysis, the various physical 
quantities used in fluid phenomenon can be 
expressed in terms of fundamental quantities. 
These fundamental quantities are mass (M), 
length (L), time (T), and temperature (θ or t) 
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Boiling and Condensation 



Boiling Heat Transfer Phenomenon 
• Boiling is a liquid to vapor change process just 

like evaporation. 
• Boiling is a phenomenon that occurs at a solid- 

liquid interface when a liquid is brought in 
contact with a surface maintained at a 
temperature sufficiently above the saturation 
temperature of the liquid. 

• As the heat is conducted to the liquid vapor 
interface, bubbles are created by the 
expansion of entrapped gas or vapor at small 
cavities in the surface. 



• The bubbles grow to a certain size, depending 
on the surface tension at the liquid-vapor 
interface and temperature and pressure. 

• Boiling heat transfer is heat transferred by the 
boiling of water. 

• Heat Transfer, Q = h ( Ts - Tsat ) 
where Tsat is the saturation temperature of the 
liquid. 



Classification of Boiling 

• Pool Boiling 
• Flow Boiling 
• Sub cooled Boiling 
• Saturated Boiling 



• Pool Boiling:   
Boiling is called pool boiling when bulk fluid 

motion is absence. 
Fluid motion is due to natural convection and 

bubble-induced mixing. 
 

• Flow Boiling: 
Boiling in the presence of bulk fluid motion is 

called flow boiling (Forced Convection Boiling). 
Fluid motion is induced by external means such 

as pump, as well as by bubble-induced mixing. 



Sub cooled Boiling: 
 When the temperature of the liquid is below 

the saturation temperature. 
 The term sub cooling refers to a liquid existing 

at a temperature below its normal boiling 
point. 

Saturated Boiling: 
 When the temperature of the liquid is equal 

to the saturation temperature. 
 Sub cooled and saturated boiling can exist in 

both nucleate and film boiling. 



 



 



 



The Boiling Curve 

• In a typical boiling curve, four different boiling 
regimes are observed: natural convection 
boiling, nucleate boiling, transition boiling, 
and film boiling depending on the excess 
temperature ΔTexcess=Ts−Tsat. 



 



Natural Convection Boiling (to Point A) 
 

 Liquid is slightly superheated in this case (a 
metastable condition) and evaporates when it 
rises to the free surface. 
 Liquid motion is due to natural convection. 
 In region 1 called free convection zone ,the 
excess temperature is very small. 
 Here the liquid near the surface is super 
heated slightly, the convection currents 
circulate the liquid and evaporation takes place 
at the liquid surface. 



Nucleate Boiling (between Points A and C) 
• Bubbles start forming at point A and increases 
number of nucleation sites as we move towards 
point C. 
• Region A–B –– isolated bubbles are formed and 
heat flux rise sharply with increasing ΔTexcess. 
This region is the beginning of nucleate boiling. 
• Region B–C –– Increasing number of nucleation 
sites causes bubble interactions and coalescence 
into jets and column. Heat flux increases 
at lower rate and maximum at point C. The 
maximum heat flux known as critical heat flux 
occurs at point C. 



 

• Critical Heat Flux - CHF, (Te 30ºC)  
Maximum attainable heat flux in nucleate 
boiling. 

• q   1 MW/m for water at atmospheric 
pressure. 

• Point C on the boiling curve is also called 
the burnout point, and the heat flux at this 
point the burnout heat flux. 



 

Transition Boiling(between Points C and D) 
• When ΔTexcess increases past point C, heat 
flux decreases because a large fraction of the 
heater surface is covered by a vapor film, 
which acts as an insulation. 

 
• The transition boiling regime, which is also 
called the unstable film boiling regime. 



Film Boiling (beyond Point D) 
 

• At point D, where the heat flux reaches 
a minimum is called the Leidenfrost point. 
• Heat transfer is by conduction and radiation 
across the vapor blanket, therefore, heat 
transfer rate increases with increasing excess 
temperature. 
• The Leidenfrost effect is a physical 
phenomenon in which a liquid, close to a 
surface that is significantly hotter than the 
liquid's boiling point. 



 
 
 
 
 
 

• The phenomenon of stable film boiling can be 
observed when a drop of water falls on a red 
hot stove. The drop does not evaporate 
immediately but moves a few times on the 
stove. 



Condensation 
• The process of condensation is the reverse of 

boiling. 
• Condensation occurs when the temperature 

of a vapor is reduced below its saturation 
temperature. 

Two forms of condensation: 
• – Film condensation, 
• – Drop wise condensation. 



 



• Film wise condensation generally occurs on 
clean uncontaminated surfaces. 

• In this type of condensation the film covering 
the entire surface grows in thickness as it 
moves down the surface by gravity. 

• There exists a thermal gradient in the film and 
so it acts as a resistance to heat transfer. 



 
 
 
 
 
 

• Ref = dH ρ V / (μ) 
• dH = Hydraulic diameter 
• ρ = density of liquid 

• V = average velocity of flow 

• μ = viscosity of fluid 



 



 



• In drop wise condensation the vapur 
condenses into small liquid droplets of various 
sizes which fall down the surface in a random 
fashion. 

• A large portion of the plate is directly exposed 
to the vapor, making heat transfer rates much 
larger than those in film condensation (5 to 10 
times). 



 



• Drop wise condensation is achieved by- 
• Adding a promoting chemical into the 

vapor (wax, fatty acid), 
• Treating the surface with a promoter chemical, 
• Coating the surface with a polymer such as 

teflon or a noble metal such as Au, Ag, Rh, Pd, Pt 
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HEAT EXCHANGERS 



HEAT EXCHANGERS 
 

• A heat exchanger is a system used to transfer heat 
between two or more fluids. 

• Heat exchangers are used in both cooling and 
heating processes. 

•  The fluids may be separated by a solid wall to 
prevent mixing or they may be in direct contact. 

• They are widely used in space 
heating, refrigeration, air conditioning, power 
stations, chemical plants, petrochemical 
plants, petroleum refineries, natural-gas processing, 
and sewage treatment. 



 
 

  
 
 



Shell and Tube HE 
 
 



One pass shell and tube HE 
 
 
 
 



 



Two pass HE 
 
 
 
 

 



 



 



 



 



 
 
 
 
 
 
 
 
 

 



 



 



 



 



 



 



 



 



 



 
 
 

 



 



 



 



 



 



 



 



 



 



 

 



 
 
 
 
 
 

 



 



 



 



 



 



 
 
 
 

 



 



 



 



 



 



 



 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V - UNIT 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Radiation 



• Thermal radiation is an electromagnetic 
phenomenon generated by the thermal 
motion of particles in matter. 

• All matter with a temperature greater 
than absolute zero emits thermal radiation. 

• All bodies emit radiation to their surroundings 
through electromagnetic waves due to the 
conversion of the internal energy of the body 
into radiation. 

• Particle motion results in the charge 
acceleration which produces electromagnetic 
radiation. 



• Since electromagnetic waves can also travel 
through a vacuum hence, in contrast to the 
conduction and convection heat transfer, it 
can take place through a perfect vacuum. 

• Thus, when no medium is present, radiation 
becomes the only mode of heat transfer. 

• Common examples are the solar radiation 
reaching the earth and the heat dissipation 
from the filament of an incandescent lamp. 

• Thus heat is transferred between two bodies 
over a great distance. 



 



 
 
 
 
 



• Waves falling in the range of 0.1 to 100μm 
wave length are called thermal radiation 

• According to the quantum theory, the thermal 
radiation propagates in the form of discrete 
quanta, each quantum having an energy of 

E=hν 
Where h = Planck’s constant = 6.625*10-34 J-s 

ν = Frequency of quantum 



Reflection, Absorption, and 
Transmission of Radiation 

• When radiation falls on a body, a part of it 
may be absorbed, a part may be reflected and 
the remaining may pass through the body. 

• The fraction of the incident radiation 
absorbed by the body is transformed into 
heat. 



 

 



 
 

 
 
 
 
 
 



 
 

• The reflectivity is defined as the fraction of 
incident radiation reflected from the surface 
of the body. 

• The transmissivity is defined as the fraction of 
the incident radiation transmitted through the 
body . 

• The absorptivity is defined as the fraction of 
incident radiation absorbed by the body. 

• Bodies which do not transmit radiation are 
called opaque. 



 
 
 

• A body with reflectivity of unity will reflect 
whole of the incident radiation and is termed 
as white body. 



Concept of a Black body 
 
 
 
 



• No actual body is perfectly black, the concept of a 
black body is an idealization with which the 
radiation characteristics of real bodies can be 
conveniently compared. 

• Real bodies do not emit as much as energy as 
black body and hence their emissivity is less than 
one. 

• A black body plays a role in thermal radiation 
similar to the idealized Carnot cycle in 
thermodynamics with which real cycles are 
compared. 

• A black body is regarded as a perfect absorber of 
incident radiation. 



• The total radiation emitted by a black body is 
a function of temperature. 

• The emissivity of a substance is a measure of 
its ability to emit radiation in comparison with 
a black body. 

• A black body is a perfect emitter. 
• Intensity of radiation is defined as the 

radiation emitted in any direction. 
• The radiation intensity of a surface is defined 

as the rate of heat flux emitted by it per unit 
area. 



Laws of Radiation 
1. Planck’s Law: 
• Electromagnetic radiation consists of flow of quanta or 

particles and the energy content (E) of each quantum is 
proportional to the frequency. 

• It is given by the following equation: 
• E = hv 

Where, E = Energy content 
h = Planck’s constant = 6.625 x 10-34 J.s 
v = Frequency 

• It is clear that greater the frequency, shorter the wavelength 
and greater is the energy content of the quantum. In other 
words, shorter the wavelength greater is the energy of the 
quantum. Therefore, quanta of ultraviolet light are more 
energetic than are quanta of red light. 



2. Kirchoff’s Law: 
• Kirchoffs law states that the absorptivity (a) of a 

substance for radiation of a specific wavelength is 
equal to its emissivity for the same wavelength 
and is given by the following equation: 

a (λ) = e(λ) 
• Any grey object (other than a perfect black body) 

which receives radiation, disposes off a part of it 
in reflection and transmission. 

• The absorptivity, reflectivity and transmissivity 
are each less than or equal to unity. 



 

 
 
 
 



 
 

 Monochromatic radiations are such radiations which 
are characterized by a single frequency. 
 In practice, radiation of a very small range of 
frequencies which can be described by stating a single 
frequency. 



Wien's Displacement Law 
 

• When the temperature of a blackbody 
radiator increases, the overall radiated energy 
increases and the peak of the radiation curve 
moves to shorter wavelengths. 

• When the maximum is evaluated from 
the Planck radiation formula, the product of 
the peak wavelength and the temperature is 
found to be a constant. 



 

 



 



• Wavelength (λmax) of maximum intensity of 
emission (µ) = b/T 

Where, 
• λmax is the wavelength at which maximum 

radiation is emitted. It decreases as the 
temperature increases. 
b is constant = 2897 
T is the temperature of the surface in Kelvin 

Hence, λmax (µ) = 2897 T-1 



 
 
 
 
 
 

 



• The temperature of the sun is 6000 °K for 
which the value of maximum wave length is 
0.5µ, and that of the earth the average 
temperature is 300 °K for which the value of 
maximum wavelength is 10µ. 

• Out of the total energy emitted by sun, 7 per 
cent is with wavelength less than 0.4µ, 44 per 
cent is with a wavelength ranging from 0.4 – 
0.7µ and 49 per cent is having wavelength 
greater than 0.7µ. 



Stefan-Boltzman’s Law: 
This law states that the intensity of radiation 
emitted by a radiating body is proportional to 
the fourth power of the absolute temperature 
of that body. 
Radiation Heat Transfer, Q = ƐσT4 
Where, 
σ = Stefan-Boltzman’s constant =6.25*10-34 Js 
Ɛ = Emissivity of a body (0 < s > 1.0) 
T = Absolute temperature of the surface in °K. 



 
 

 



Radiation Shape Factor 
• Radiation shape factor is defined as the fraction of 

radiant energy that is diffused from one surface 
element and strikes the other surface directly with 
no intervening reflections. 

• It is also called view factor or configuration factor. 
• If A11 is the total area of radiating surface of body-1 

having shape factor F12F12 w.r.t. receiver body-2 
then the total radiant energy leaving surface-1 and 
directly intercepted by surface-2 is =A1F12 



 
 
 
 
 
 

Shape factor of a radiant body depends on the 
1. Geometrical dimensions i.e. surface area 
2.  Configuration of radiating surface with 

respect to receiver & 
3.  Inter-spatial distance of radiant body with 

respect to receiver. 



• The shape factor of a radiating body is inversely 
proportional to its surface area emitting radiant 
energy i.e. 
Shape factor 1/Surface area of emitter 

• The shape factor of a radiating body is directly 
proportional to the surface area of receiving body 
i.e. 
Shape factor Surface area of receiver 

 
• The shape factor of a radiating body is inversely 

proportional to inter-spatial distance between 
emitter and receiver bodies i.e. 
Shape factor 1 / Inter-spatial distance 



 
 
 
 
 
 

• For steady state 
condition of radiation 
heat transfer, 
Rate of radiant energy lost 
by body-1 = rate of radiant 
energy received by body-2 

• A1F12=A2F21 


