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INTRODUCTION

Examine the principles of heat transfer to industrial applications.

© 2020 UniCourse Ltd. All Rights Reserved.

e Modes of heat transmission, including conduction, convection & radiation.
e Heat transfer through composite walls and use of U and k values.
e Application of formulae to different types of heat exchangers, including recuperator and evaporative.

e Regenerators.

e Heat losses in thick and thin walled pipes, optimum lagging thickness.

GUIDANCE

Purpose

)
Theory
—
)

Example

—_—

Challenge

are put off by material which does not initially
profession. Once you understand the impg
embrace the concepts more readily.

Conveys new material to you in a straig ion. To support the treatments
in this section you are strongl ised tO given hyperlinks, which may be

oided if you are determined to learn. Please do take the
e given questions, in the order in which they are presented.
ant, as further knowledge and confidence is built upon previous
d confidence. As an Online Learner it is important that the answers to
immediately available to you. Contact your Unit Tutor if you need help.

questions

ally cement your new knowledge by undertaking the challenges. A challenge
could be to download software and perform an exercise. An alternative challenge
might involve a practical activity or other form of research.

Videos on the web can be very useful supplements to your distance learning efforts.
Wherever an online video(s) will help you then it will be hyperlinked at the appropriate
point.
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3.1 Methods of Heat Transfer

3.1.1 Conduction

The conduction of heat is the transfer of energy through particle vibrations. In solids this is
through the lattice, with adjacent molecules transferring energy in packets (phonons) to

neighbouring molecules. In the case of fluids, the energy is transferred through collisions and diffusion.

The rate of heat loss, Q [W] through a solid material (or a fluid with no flow) of length dx is described as Eq.
3.1, where k [W - m~1 - K~1] is the thermal conductivity of the material and A is the area of the face.

: ar
Q= —kAa (Eqg. 3.1)

Since k will always be a positive, the negative sign indicates that heat flows ig tion of decreasing
temperature. With Eqg. 3.1 we can see that the temperature drop through the

k

2300

401

Aluminium 237
Iron 80
Glass 0.78
Water 0.61
Air 0.026

3.1.2 Convection

Convection is the transfer of heat between flowing fluid and solid boundaries. When the
fluid flow is driven by the Earth’s atmosphere this is known as natural convection. Many

engineering applications will use a fluid flow generated by the motion of an object or with an imposed

pressure difference, known as forced convection.

Due to the presence of a viscous boundary layer close to the wall, shown by Fig. 3.2, the flow velocity at the
wall is zero. This means that heat is transferred through conduction at the surface of the solid. The role of
convection is to make the thermal boundary layer thin (its thickness is related to thickness of the velocity
boundary layer). This leads to large temperature gradients and higher overall heat transfer rates.
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Fig. 3.2: Velocity and temperature change with convective heat transfer

In engineering, the rate of heat transfer is given as Eq. 3.2, where h [W - m~2 - K~1] is the convective heat
transfer coefficient, Ty is the average temperature of the fluid and T; is the temperature of the surface of
the solid.

Q= hA(Ts - Tf) Eq. 3.2)

To evaluate how much more effective convection is than conduction ert gth L, dimensionless

Nusselt number (Nu) is defined using Eq. 3.3

) UL
Qconv —_— = Nu

Qcond k
3.1.3 Radiation
R.adlatlc.m |s.tf.1e weakest of the.t
simulations is ignored. The onl
convection or conduction possible (in space
emission, and absorption of the radiation.

nsfer, and in most heat transfer
lly considered is when there is no
pects of radiative heat transfer:

Black bodies: A black body is an id ich absorbs all radiation at all wavelengths, nothing is
reflected off it. A black body is
direction, so it is described as i If the body itself did not emit radiation, it would appear
black.
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The predicted electromagnetic spectrum emitted by a black body is shown by Fig. 3.3. Integrating the rate
of emission at each wavelength gives the total rate of radiation emission.
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Fig. 3.3: Radiation spectrum for a black

For a black body of area A and temperature T, the rate at which energ i cal ed using Eq. 3.4.
This is also known as Stefan’s law, where o is the Stefan-Boltzmann const . Wm™2K™1)

as the reflectance (p). The fraction that passes
through the object without being absorbed | ity (1), and the fraction that heats the object is

transmissivity is usually zero, ang
behave as a black bo

The rate of heat tr ds on the visible area of the object.

3.2.1 Resistance N nd Heat Transfer Through a Planar Wall

One of the best ways to model heat transfer is to consider the system as an electrical circuit.
Looking at the potential difference across a resistor with a current, I, we can model Ohm’s

law as Eqg. 3.7.

-V
R

I= (Eg. 3.7)

And considering Eq. 3.1, we can define it as:

. kA
Q= T(T1 - Tz)
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And define thermal resistance for 1-D conduction as Eq. 3.8:

L
Rcond = A (Eqg. 3.8)

s

The same approach can be used for convective and radiative shown in Eg. 3.9 and Eq. 3.10, respectively:

R.ony = — (Eq. 3.9)

R = Eqg. 3.10
rad T GeAg(TZE+T2)(T,+Ts) (Eq )
We can use this analogy to build a resistance circuit to construct series and parallel thermal circuits. As a

quick reminder, resistance in series is calculated using Eqg. 3.11.

R=R1+R2+R3+'”+Rn

Rl RZ

and, in parallel using Eq. 3.12:

1 1 1 1 1
—_ =—4+—4+—4 -4+ —
R Ry R, R3

Or we can use t heat tr er coefficient, U, which is essentially just Eq. 3.13.
1/R (Eqg. 3.13)
We can find out the rate of heat transfer through a system with Eq. 3.14.

. T,-T;
0= A== UA(T, — T)) (Eq. 3.14)

[ Example 1A ]

The inside temperature of the air in a room is 18°C, and the temperature of the air outside the room is 13°C.
There is only a brick wall separating the room from the outside. The wall is 3 m high and 2 m wide, and the
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