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1. _INTRODUCTION

The sun provides us with many sources of free energy.
There are many different ways in which this energy can be
harvested. For example, we can capture the energy of moun-
tain streams whose flow is the result of the evaporation of
water by the sun and its subsequent reappearance in the
form of rainfall. We can capture the winds which come
about due to atmospheric temperature variations induced by
the sun. The sun's rays can be turned into electricity
through the use of photosensitive cells. There is one oth-
er way to harness the sun's energy that is of great impor-
tance to architects. Buildings can be designed to effi-
ciently capture the energy that ordinarily enters a build-
ing through its windows, walls, and roof. These passive
solar gains provide people with the opportunity to drama-
tically reduce their fuel bills,

If more than half of the total energy requirements for
a building are provided by passive solar means, then we say
that the building is a passive-solar heated structure.

Passive solar heating works very well. This has been
demonstrated time and again in many different kinds of
buildings located in a wide variety of climates. The occu-
pants of these buildings testify to their comfort, the ease
of operation of passive solar systems, and especially to
their low fuel bills. A big problem, however, has been the
lack of a quantitative basis of incorporating the basic
concepts of passive solar heating into architectural de-
sign. 1In this unit we will try to demonstrate how passive
solar heating works and how to calculate its effectiveness.

2. _BASIC PRINCIPLES

Terms such as "temperature,” "thermal energy" (or
"heat energy," or simply "heat") have precise, and rather
complex, physical definitions. We shall treat them in a
manner similar to the way the terms "point"™ and "line" are
treated in elementary geometry. That is, we shall not de-
fine them in terms of other physical quantities, but shall
rely on your intuitive understanding of these terms and
simply state some basic principles involved in their use.

If you stir a bowl of hot soup, what happens to the
handle of the spoon? Why? Does the heat energy flow from
the cooler to the warmer part of the spoon or from the
warmer to the cooler part? Does the heat energy flow fast-
er when the difference between the room temperature and the



soup temperature is 100° or when it is 1°? Answer the
questions in this paragraph before reading further.

You have, in answering the above questions, discovered
that you already know the main laws for heat conduction in
a gualitative form. The handle of the spoon gets hot be-
cause the heat energy flows from the warmer to the cooler
parts of the spoon. The greater the temperature differ-
ence, the faster the heat energy flows.

We may summarize the laws of heat conduction as
follows:

I. Heat flow is in the direction of decreasing tem-
perature.

II. Rate of heat flow is proportional to temperature
difference.

III. The quantity of heat gained or lost by a substance
when its temperature changes is proportional to
the weight of the substance and to the temperature
change.

In the English system of units heat energy is measured
in British Thermal Units (BTU). One BTU is the amount of
heat energy required to increase the temperature of a pound
of water one degree Fahrenheit.

We may write Principle III in the form of an equation
as
(1) Q = CW(aT)
where

Q is the amount of heat gained or lost by the sub-
stance (measured in BTU's),

C is the constant of proportionality, dependent on the
substance, called the gpecific heat of the substance,

W is the weight of the substance (measured in pounds),

AT is the temperature change undergone by the sub-
stance (measured in degrees Fahrenheit).

Exercise 1. What is the specific heat of water?




If p is the density of the substance, then W = pV,
where V is the volume of the substance, and we may rewrite
Equation (1) as

(2) Q = Cpv(at)
Letting S = Cp we get

(3) Q = svV(aT)
or

(4) S = griEy -

The constant S is known as the yolumetric specific heat of

the substance.
A rearrangement of Equation (4) produces

(5) 5T=§3.

Thus a substance with a large S value acts like a
"heat sponge” and absorbs a lot of heat for only a small
change in temperature. On the other hand, if S is small,
then only a small amount of heat absorbtion will result in
a large temperature change. 1In designing passive solar
heated buildings we will therefore want to use materials
with large S values in order to store heat energy at low
temperatures. (See Table 1.)

TABLE I
Physical Properties of Some Building Materjals
MATERIAL ] [ S K*
(1b./cu. (BTU/ (BTU/ BTU/
ft.) 1b.9F) cu. ft.OF) | hr. £ft.9F)
BRICK 144 0.20 28.8 0.58
MASONRY 106 0.20 212 0.38
CONCRETE 144 0.20 28.8 0.54
LIMESTONE 105 0.22 23.1 0.40
GLASS 170 0.2 34.0 0.45
OAK WOOD 51 0.57 29.07 0.16
PINE WOOD 51 0.57 29.07 0.1
CORK 10 0.04 0.4 0.025
RUBBER 75 0.48 36 0.087

*See Equation 9, Section 3.2.



3. HEAT CONDUCTION THROUGH A WALL

3.1 Formulating the Problem

Let us first consider a wall made of a uniform materi-
al, one side of which is exposed to the outdoors, the other
side being indoors. The temperature in the wall will, of
course, vary since the temperature must adjust itself
through the wall from outdoor to indoor values. Finding
the exact temperature distribution is a very difficult
problem; however if the wall is high enough and wide
enough, we can assume that most of the change occurs across
the thickness only (see Exercise 2). Assume the wall has
thickness L with outdoor temperature T, and indoor tempera-
ture T,. We denote the temperature at time t and position
x along the thickness of the wall by the function T(x,t).
Finally, we imagine the wall to be divided into n sections
by placing n evenly spaced points X1r X294 ss.y X aACIOSS
its thickness. (See Figure 1. n is an arbitrary positive
integer.)
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Figure 1. Partitioning the wall.

Each of the interior points Xor X3p eauy Xp g is the
midpoint of a section of length Ax = L/(n-1), while the
endpoints Xy and x, are included in intervals of length
4x/2., We simplify the computations by assuming that all
the mass of a section is accumulated at the point enclosed
by that section. Thus the wall is, in effect, replaced by
n points %3, ..., X, referred to as nodes. In the follow-
ing, we will refer to the section enclosing node x; as the
ith section.

Our objective is to determine the temperature across
the wall at any time in response to the changing tempera-
ture conditions both outdoors and indoors. To carry out
this analysis, we make an assumption about the flow of time
analogous to the assumption we made about the accumulation
of mass at points Xy, X3, ..., Xp.






