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shall be judged as to appropriate­

many questions that should be ans-

l 'i
L ,

It is evident that strength, durability and protection against ~~.

rain and wind must be sufficient, here as elsewhere, and that the as- ~";".

peet should be pleasing. But there are other important questions ~~
c..~
! -also, such as:

When a wall or roof design

ness in a hot climate, there are

wered.

1. Given an outside daily variation of temperature and solar

radiation, what will be the inside temperature for the

different designs?

2. What is the effect of the colour of the surface, for in­

stance, how much hotter will the house be inside with a

black asphal t-covered terrace, compared to a grey or whi te

covering?

}_ How much heat capacity is needed to insure an even inside

tempe ra tu re?

I,.. When light insulating material is used to improve condi­

tions, should it be placed on the inside of the wall, on

the outside, or perhaps in the middle?

5. The always increasing use of coolers and air-conditioners

raises one more question, namely, what amount of heat in­

sulation and heat capacity is economically justified?

Some information on these questions will be found in the following.

1) Dr.techn' l Norwcgian Building Rescarch Institute, 0510.

2) Norwegian Computing Cenrer, 0510.
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The method of calculation of optimum heat insulation for stat­

ionary conditions is well known. However, to find answers to the

questions above for transient conditions has been difficult" since

the combinations and variations of meteorological conditions and of

designs made a mathematical solution complicated. Now, however, solu­

tions can be found wi th the help 0 f campu ters, as shall be shown in

the present paper. A preliminary study on the subject has already

been published by the author, see ( 8 ].

Some aspects of the problem have been examined. The solar

heating of various surfaces has been measured, see ( 1 ] and (6 ], also

the temperature inside buildings under variable external conditions,

( 2 ], (3]. Model studies and calculations have been made, see [ 2 ] ,

[ 3 ], [4] and. ( 5 ]. Analogue computers have mostly been used in the

calculations, taking advantage of the fact that the equations for

heat- and electricity- transmission are mathematically identical. A

useful discussion of the various methods of calculation and analogue

methods is given in [6 ].

Replies to the important questions raised above are not easy to

find, however, in spite of the basic work mentioned. Further, the

possibilities of variations in outside temperature, radiation, air­

exchange, dimensions, materials and colours are so great that a gene­

ral method is needed, that would make it possible to evaluate the

thenoal qualities of any design under any condition.

The basis for the calculations is the Fourier equation for heat

transmission (for one-dimensional flow):

(1)

~ is the temperature, in centigrades

t time, in hours

x position coordinate, in metres (ox ~ on)

f" thermal conductivity, !ccaJ.lmh°C

c specific heat, kcal/tOC

p density of material, tim"
W heat source, kcal/m"h (in (2) and following, kcal/m 2 h)
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Equation (1) states that the difference between the amounts of

heat entering and leaving a section, plus the heat coming from some

exterior source (here, radiative heating or cooling of the wall, or

heating or cooling of the interior air-space), equals the heat stored

in the sec tion.

For numerical calculation, by hand or computer, equation (1)

must be written as a difference equation. With constant values through

the wall for h, c and p, it is usually given as:

See Fig. 1 for the numeration of the sections, the second indices nume­

rate the time in:~ervals. The first term in equation (2), however, is

an expression for steady state heat conduction. With a finite length

of the time interval m ~ m + 1, the results will be misleading for

transient conditions. In order to take into account the time varia­

tion of the temperature in the term for conduction also, and not only

in the term for capacity, equation (2) should be written:

[(~n 1,m +2~o-1.m±1 _ ~oJm

(~ 0, m +2.9 n • m± 1 _ ~.9:.JO",+!:.l'-'-'mm-'.+"2,o.9:.JOl.:+t.;lLILmlD..:t+J.l) (3)

Equation (3) is wri tten for variabie sections through the wall,

the form of the simplified equation for a homogeneous wall, as in (2),

is easily seen.

When calculating "by hand", it is advantageous to write (3) as:
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Assuming that the temperature distribution through the wall is known

at time M equation U
Il

) may be written down successively for N=2 to

N=lffi-1 to obtain:

A2,2 A2 ,3
VM+1 y M

2 2

A3 ,1 A3 ,2 A3 ,3
VM+1 yM

3 3
"- VM+ 1 yM"-

"
4 4

"-
"-
" "- VM+1 UIIl)AN,ol ~,2 ~,3 N

""""" VM+1
~-2,1 ~ " AB-2,2 NB-2,3 NB-2

"" VM+1 M
ANB- 1 ,1 ANH-1 ,2 NB-1 YNB-1

or in matrix form A. VM+1 = yM (3 IV)

The solution of (3 IV ) may be written in FORTRAN notation as follow£

F( 2) = 1.0

DO 40

40

N = 3, NB-1

F(N) = A(N-1,2)/A(N,1)

A(N,2) = A(N,2)· F(N) - A(N-1,3)

A(N,3) = A(N,3) • F(N)

CONTINUE

(40)

DO 50 N = 3, NB-1

yeN) = yeN) . F(N) - y(N-1)

50 CONTINUE

(50 )

V(NB-1,M+1) = y(NB-1)/A(NB-1,2)

DO 60 N = NB-2, 2, -1 (60)

yeN, M+1) = [y(N)-A(N,3)+V(N+ol,M+1)]/A(N,2)

60 CONTINUE
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The task is to obtain the temperature V(N,M) for all points of the

space-time diagram, Fig. 8.

The following iteration method is used:

Do sequence (40)

put M=O

guess v1

put M = M+1

form yM from vM

calculate VM+1 from A and yM

using sequence (50) and (60)

put

put

M=O
V1 = V

MB

L- --\ <

>)- --J

A satisfactory solution for the

temperature is found at all

points of the space-time diagram.

The value ERR is input to the program

The iteration method requires less storage than the direct solution

of the set (A' VM+1 = yM) M=1,MB and makes the program applicable on

any machine having a FORTRAN compiler.



Timins:
Compilation of program

Execution of one set
Input and output

Calculation of one set
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11 sec.

MB=13, NB=11,
6 sec.

sec.

-6ERR=10 DEG C. ,

The output in this particular program is embroidered. When calcula­

ting nearly equal sets the initial guess is improved, resulting in

calculation times down to 0.25 sec. for a set of MB=13, NB=11 ,
ERR=10-6DEG C.




