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Homework n°03

Exercise
A 3-m-high and 5-m-wide wall consists of long 16-cm x 22-cm

cross section horizontal bricks (k = 0.72 W/m-°C) separated by 3-cm-
thick plaster layers (k = 0.22 W/m-°C). There are also 2-cm-thick plaster
layers on each side of the brick and a 3-cm-thick rigid foam (k = 0.026
W/m-°C) on the inner side of the wall, as shown in Fig. 2-6. The indoor
and the outdoor temperatures are 20°C and -10°C, and the convection
heat transfer coefficients on the inner and the outer sides are h; = 10
W/m?.°C and h, = 25 W/m?-°C, respectively.

Obtain a general relation for the temperature distribution inside the
pipe under steady conditions, and determine the rate of heat loss from the
steam through the pipe.
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There is a pattern in the construction of this wall that repeats itself
every 2b-cm distance in the vertical direction. There is no variation in the hori-
zontal direction. Therefore, we consider a 1-m-deep and 0.25-m-high portion of

the wall, since it is representative of the entire wall.

Assuming any cross section of the wall normal to the x-direction to be
isothermal, the thermal resistance network for the representative section of
the wall becomes as shown in Fig. The individual resistances are eval-

uated as:
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The three resistances R;, Ry, and Ry in the middle are parallel, and their equiv-
alent resistance is determined from

11,1, 1_ 1 1, 1
Rea R TR, VR, 4848 101 " 2348

= 1.03W/C

which gives

Ry =097°C/IW

Now all the resistances are in series, and the total resistance is

Rigg =0, + R+ R, + Ry + R+ R,
=04+46+ 036 + 097+ 036 + 0.16
= 6.85°C/W

Then the steady rate of heat transfer through the wall becomes

 Ta — T [20 — (—10)]°C
Q= Rga  B.B3°CIW

=438 W {per 0.25 m? surface arca)

or 4.38/0.25 = 17.5 W per m? area. The total areaof the wallisA=3m X 5
m = 15 m2. Then the rate of heat transfer through the entire wall becomes

0 oa = (17.3 Wim2)(15 m?) = 263 W

Of course, this result is approximate, since we assumed the temperature within
the wall to vary in one direction only and ignored any temperature change {and
thus heat transfer) in the other two directions.
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