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THE COOL SIDE OF A HOUSE IN ARIZONA.

By S. M. Woodward.

INTRODUCTION.

It is obvious that the uncomfortable heating of buildings dur-
ing warm weather by the direct rays of the sun depends upon
various things; the size and shape of the building, the materials
of which it is made, the method of its construction, its exter-
nal protection, etc. It is the object of this bulletin to discuss
some of these factors, and to present some conclusions that may be
of value in the planning of structures, by showing how the heat-
ing effect of the sun may be minimized.

It is a matter of common experience that a small house is
heated more readily by the sun than a large one of similar shape.
This is so because, although in the larger building there is more
wall surface exposed to the sun, as well as more volume to be
heated, still in the larger building the volume is greater in pro-
portion to the \\ all surface than it is in the smaller, since the wall
surface varies as the square of the dimensions, and the volume as
the cube of the dimensions.

The perfect cube has less total surface in proportion to the
volume contained than any other square cornered solid. But we
cannot apply this principle to determine the best shape for a
house without modification, because it is not the extent, alone, of
the surface exposed which determines the amount of heat re-
ceived from the sun. This depends, also, upon the position of
the surface, with resulting exposure to the sun's rays,—whether
it is so situated as to receive the full force of the sun's heat
squarely against it, or so as to receive the sunshine obliquely.
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If all the sides of a house, including the top as a side, were
of the same size, they would not all receive the same amount of
heat from the sun. For example, the east and west sides receive
heat during only half the day, while the sun strikes the top prac-
tically the whole day, Again, the amount of heat varies at dif-
ferent times of the year. As the sun moves north in summer
until it is nearly overhead, and the days lengthen, the heat strik-
ing the top of the house increases greatly, and even the north side
receives an appreciable amount of direct sunshine; while on the
contrary, as we shall see later, the heat striking the south side is
actually less in summer than in winter. This brings us, there-
fore, to the problem of determining the relative amount of solar
heat received on one square foot of the various exposed surfaces
of a house at different times throughout the year.

Before proceeding with the calculations which follow, lead-
ing finally to a deduction of the best shape for a house in order
that it may receive the smallest amount of heat from the sun-
shine beating down upon its walls and roof, it may be well to
state that the conclusions reached are not necessarily decisive.
While the calculations are based upon definite assumptions, ap-
proximating actual conditions existing in Arizona, and while the
results are mathematically exact, and accordingly of value as a
guide in planning a building, it is not intended to intimate that
the one factor herein considered, of the heating effect of direct
sunshine, is the only, or even the most important factor to be
always considered in the location and planning of a building. It
is recognized that other considerations, such as size and frontage
of lot, architectural effect, and interior arrangement may oppose
and outweigh the results herein set forth. But it is believed that
the conclusions reached will agree with common sense observa-
tion and study of our conditions, and it is hoped that this definite
deduction of the results to be expected may be useful in many
cases.
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RELATIVE AMOUNT OF HEAT RECEIVED ON DIFFER-
ENT SIDES OF A HOUSE.

When a beam of the sun's rays strikes a surface obliquely,
the whole surface illuminated receives only as much heat as
would the much smaller illuminated area on a surface so placed
as to cut square across the same beam of light. The intensity on
the oblique surface is diminished just in proportion as the illumi-
nated area is increased by increasing its obliquity. In order to
make calculations, it is necessary to adopt some unit of heat. The
unit used in the calculation below is the amount of heat which
would strike a surface of one square foot during one hour, sup-
posing the surface to be kept constantly perpendicular to the sun's
rays as the sun moves through the heavens. Using this unit,
the amount of heat which is received during one day on one
square foot of the north, south, east, west, and top surfaces, res-
pectively, of a house has been calculated for different dates
throughout the > ear, and the results are given in Table I.

For simplicity, the calculations were made for a horizontal
flat roof. The sides of the house were supposed to be placed
exactly north and south, and east and west. No allowance has
been made for haziness or cloudiness, and it is assumed that dur-
ing the whole time that the sun is above the horizon it shines
upon the house without obstruction; or, in other words, that there
is no screening or shading of the house by trees, other buildings,
porches, projecting roofs, etc. But the change in the amount of
heat received, due to the movement of the sun across the sky, is
allowed for. For example, a square foot on the eastern side of a
house receives most heat about sunrise, and the amount steadily
diminishes until noon, after which it is nothing for the rest of the
day If the square foot could be kept perpendicular to the
sun's rays, it would receive the same amount of heat that it does
actually receive, in a much shorter number of hours than from
sunrise to noon. It is this shorter number of hours, or heat
units, which is given in the table.

It is obvious that for each day in the spring there is a corres-
ponding day in the fall when the sttn has the same height and its
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CONCLUSIONS FROM CALCULATED RESULTS.

The results shown in the table have been plotted on the ac-
companying diagram, beginning with Dec 22, the date on which
the sun is lowest in the south, and running for just one year.
From the diagram it may be seen that on the south face the heat
is greatest on Dec. 22. It steadily decreases during the first six
months, and is least on the longest day of the year, in June, after
which it increases for the remainder of the year.

On the north face the heat increases from nothing on March
21 to a maximum on June 22, and then decreases to zero again on
Sept. 22. The curve for the north face crosses the curve for the
south face, showing that on May 17 and July 29 the amounts of
heat received on the two faces are the same, and that between
these two dates the amount of heat on the north face is greater
than the amount on the south face, being nearly three times as
much at the maximum. From the diagram it is found that from
April 18 to August 27, inclusive, the total amounts of heat received
on the north and south faces are almost the same, being 156.2
units for the north face and 156.6 units for the south face, an
average of 2.37 units per day for the sum of the heat units on
the two faces.

The heat striking the top face is least on Dec. 22,
and increases continuously to June 22, at which time it is several
times as great as the heat on the north and south faces added
together.

The heat received on the east and west faces is, of course,
the same. On each the variation in the heat is somewhat
similar to the variation on the top. At all times of the year the
heat striking the east and west faces, together, is somewhat
greater than that striking the top. Practically, the west wall of
a house becomes somewhat warmer than the east, because the
sun strikes the former late in the day after the whole house has
been more or less heated by the warm air of the daytime. This
element of difference between the two walls is not taken into ac-
count in the above calculation.
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VARIOUS METHODS OF PROTECTION.

During the warm season much more heat strikes the top
than any other single face. Therefore, in construction, most care
and attention should be given to making the top of non-conducting
material, and arranging it to enclose non-conducting, well venti-
lated air spaces. Of the walls, the east and west are much more
exposed in summer than the north and south. Hence, the east
and west exposures should be protected, rather than the north
and south, by porches, awnings, projecting roofs, trees, and \ines.

There is a positive advantage in not shading the south face,
because in winter, when the greatest amount of sunshine is very
desirable, most of it is received on this face.

However, if it is desired to screen this side, a projecting roof
is effective, the sun being so nearly over head. A roof projecting
three feet will keep the sun off the wall during June for a distance
of twenty feet below the eaves, while in winter the shading will
be much lessened because the sun is so low in the south.

A projecting roof is not nearly so effective in shading the east
and west walls of a house as in shading the south wall. No shadow
is cast on the east side at sunrise, or on the west side at sunset; but
at noon the whole of each wall, excepting a narrow triangle on the
southern edge, is in shadow. During each half da}T a strip of
wall is shaded, averaging in width once and a half times the pro-
jection of the roof. That is, if the roof projects two feet it shades
the wall an amount equivalent to keeping the sunshine completely
off a strip of the wall three feet wide.

Another conclusion can be drawn from the diagram. If a
gable roof is to be built on a square house, there is considerable
advantage in having the gables face east and west, for only half as
much area is then exposed to the eastern and western rays of the
sun as if the gables face north and south.

BEST SHAPE FOR A HOUSE.

Having shown how the intensity of the sun's heat varies on
the different parts of a house, we may determine what should be
the shape of a house in order that it may receive the least amount
of heat from the sun.
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Let N represent the average daily Intensity of the heat on
the north and south faces added together;

E, the average daily intensity on the east and west faces
together;

T, the average Intensity on the top;
a, the breadth of the house north and south,
b, the length east and west;
c, the height.

Fig i —Showing the relative proportions of a cubical house and a house of best theoreti-
cal shape having the same cubical contents, to be placed with its longest

dimension from east to west.

Then it may be shown by means of the calculus that, for a
house to contain a given volume, the heat received will be a mini-
mum when the following* proportion Is fulfilled:

a : b : c = N : E : T.
For the period May 17 to July 19, inclusive,

N = 2.35, E=8.88, T = 8.58;
while for the period April 18 to Aug. 27, inclusive,

N = 2,37, E =. 8.76, T = 8.31;
showing that throughout the warm weather the proportion does
not vary much.

The accompanying cut shows two houses having the same
volume; one a perfect cube; the other having dimensions in pro-
portion to those calculated above.
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These results give proportions for buildings that cannot be
entirely realized in practice, for they indicate that the length of
the house east and west, and the height, should be about 3%
times the breadth. Although the figures cannot be exactly fol-
lowed, they serve to indicate the theoretically best proportions,
and the more nearly they can be adopted in any given case, the
cooler will be the house. It is true, also, that where one dimen-
sion, as the height for example, is controlled by other considera-
tions, the remaining dimensions should still follow the above pro-
portions.

ADVANTAGE OF BEST SHAPED HOUSE.

To show the advantage of the dimensions and position given
above, the table below has been calculated. Three different
houses, each containing the same number of cubic feet of volume,
are compared. The first is a perfect cube in shape. The second
is a rectangular house of the shape calculated above, placed with
its longest dimension east and west, which is the theoretically best
position. The third is the same house, but turned around so that
its longest dimension is north and south, in what might be called
its worst position. Using a face of the cube as a unit of surface,
the figures give the total amount of heat which strikes each house
during one day. The first column gives the average daily heat
during the warm weather from April 18 to August 27* The
second column gives the average daily heat from October 2i to
February 22.

TABLE n.—TOTAL HEAT RECEIVED DAILY AS DIRIXT SUNSHINE
ON THE EXTERIORS OF DIFFERENTLY SHAPED

Cubical house,,

Rectangular house
best position

Rectangular house
worst position

Ikuh au'/j^e I /AuA dieid^c
Ipnl AS- 1 it it a±t J7 , Oettilwr JI / <,*/>/ u*ir\

19.44 l t» .42

It»JO 21,7S

27 (55 20,28
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As might have been expected, during the -\\arm period the
value for the cube lies between the other two, and hence
a comparison of the figures for the two positions of the
rectangular house is most instructive. We notice that during
the summer, in the worst position, it receives over once and a
half as much direct heat as in the best position; while during the
coldest weather, in the best position, it receives appreciably more
heat than in the worst position. Moreover, the house in the
best position actually receives less heat from the sun during
the warm season than during the cold season. So, as far as
the one factor of direct sunshine goes, the house in the best
position, with its longest axis from east to west, is not only
coolest in summer and warmest in winter, but actually tends to
be cooler in summer than in winter.


