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GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Purpose

Theory

Challenge

Video

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

support the treatments
hyperlinks, which may be

Conveys new material to you in a straightforward fashion.
in this section you are strongly advised to follow the gj
useful documents or applications on the web.

The order is important,
knowledge and confiden
questions are i i i . Contact your Unit Tutor if you need help.
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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.

v T: T

In engineering, the rate of heat transfer is given as Eq. 3.2, where h [W - m i nvective heat

transfer coefficient, Ty is the average temperature of the fluid gnd Ty is the te of the surface of
the solid.

Q = hA(T; — Ty)
To evaluate how much more effective convection i ) ain length L, the dimensionless

Nusselt number (Nu) is defined using Eq. 3.3

Qconv _ E

Qcond

3.1.3 Radiation

Radiation is the weakes forms of heat transfer, and in most heat transfer
simulations time radiation is realistically considered is when there is no

Black bodies: i leal material which absorbs all radiation at all wavelengths, nothing is
reflected off i i a perfect emitter of radiation, and it emits radiation uniformly in all
direction, so it diffuse emitter. If the body itself did not emit radiation, it would appear
black.
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brick is 100 mm thick. The thermal conductivity of the brick is 0.6 Wm™1K~1, and the coefficient of the air
inside and outside the room is 5 Wm™2K~! and 10 Wm™2K ! respectively. Calculate:

a. The total heat loss of the environment
b. The temperature on the outside surface of the brick.

Answer:

The first thing we need to do is create the resistance circuit through the wall. There is the convection of the
air inside the room R, ;, then there is the conduction through the brick R.,,4, and finally the convection
on the outside of the wall R;,y,,, 0. The resistance map looks like the one below.

R conv,l Rcond

Thot

The total resistance for the system is:

R = Rionvo + Reona + Reonvo = v + k%A + hOLA = =0.0777W.K1
The overall heat transfer is therefore:
Q=
With the overall heat transfer, we c around throughout the brick.
+ o435 _ 14.07°C
10(3-2)

Example 1B

A 3m high by 5m f a house is composed of two bricks of length 0.1 m with a 0.05 m gap in
between. The tempera Inside the room is 20°C, and the temperature outside the house is 3°C Determine
the heat transfer through the wall when:

a) The gap is filled with cotton wool insulation.
b) The gap is filled with foam insulation.

Assume the thermal conductivity is brick k;, = 0.8 Wm™1K ™1, the thermal conductivity of the cotton wool
insulation is k,, = 0.029 Wm~™'K ™!, the thermal conductivity of foam insulation is k; = 0.045 Wm™'K~*,
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3.2 Water Pipes

Pipes are defined into two categories, either lagged or unlagged. An unlagged pipe is one that is not
insulated. Pipe lagging is a special type of insulation fitted around water pipes that prevents condensation
on cold pipes. Insulating pipes is important, as it not only saves on energy, but prevents pipes from freezing
and bursting, which can cause lots of damage and halt production.

3.2.1 Unlagged Pipes
The parameters for the equation of heat loss in a pipe are defined in Fig. 3.4. T; and T, are
the temperature on the inside and outside of the pipe, respectively; r; and r are the radii

espectively; and L is the

between the centre to the inside pipe, and the centre to the outside of the pi
length of the pipe.

Once we have worked out s, we can work out the temperature across the pipe as a
function of r by rearranging Y6, wherer; <1 <71,.

_ Qin(r/m)

r— (Eq. 3.16)

Example 2

rall diameter of 25 mm, with thickness 5 mm is moving water at 80°C. The
e room is 25°C and the thermal conductivity of the pipe is 401 Wm™1K 1.

A 1 m copper pipe
outside temperature o

a) Calculate the rate of heat loss
b) Plot the temperature profile across the pipe

Answer:
a) The rate of heat loss is calculated with Eq.3.15 and Eq.3.16
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We will consider the impact of convection in Example 2, where hr and h, are 3000 Wm™2K~1and
5 Wm™2K™1, respectively.

55

Q= 1 _ In(125/7.5) _ In(12.5/125) 1
21 (75-1073)-3000-1 © 2m-401-1 ' 2m k,-1 ' 2m-(125-103)-5-1

55

T TOTX109+ GO x 100+ O+ 255y

Q

The temperature at the inside surface of the pipe is:
Q
2m-7.5-1073 - 3000 -

TIZTf_

We can compare this to Example 2:

+1

80

757

gged + Convection

701
651
601
551
501
451
401
35¢
301

257

.75 10 11.25 12.5

Which is what gi@u woul ct -\Wlyou touch a bare pipe it feels hot, it doesn’t feel the same temperature

as the room.

[ Example 5 ]

Building from Example 3, we will now consider the convection of the fluid inside the pipe and the
surrounding air.

j 55
= 1 n(12.5/75) | In(32.5/12.5) 1 ] =14.67W

2m-(75-10-3)-3000- 1~ 2m-401-1 © 2m-0.055-1 ' 21 (325-10-3) . 5.1

The temperature at the inside wall of the pipe is
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