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Heat balance studies:
PaÉ1
ln this, the fi¡3t of a four-part series, R.M.E. lliamant
describes a new series of computer programs that bring

together the various heat

calculated in anY tYPe of b
losses and gains to be
uilding I

Ihe computer

I rfl.Ïii.ï-'*',ff
rbrough various walls, windows and roof
¡ections had to be calculated separately, and

then co-ordinated afte¡wards.
This has now been ovÊrcome and the

p/rogram package Heatbal co-ordinates all

Luai los..t and gains in any kind ofbuild-ing,
situated anylvhere, and used in a muitiplicity

and specifu finally the dimensions of heaters

ne¿ded to maintain a specified ambient

pilot study.- 
The trouble with energy calculations is not

only that they are complex but âlso that.they
invôlve a massive numbe¡ of variables. Most
treating and ventilating installers, designers
and others concerned with buildings are

¡he¡efore prepared to make short'cuts when
carrying out theit calculations. This inevit-
ably leads to trouble.

I dccided to write my Program package

Heatbal in several sections, which are

fact, this way of working has certain
advantages in that one can divide the problem
up into convenient seclions, and can repeat
certain calculations, without always having to

restart from tbe beginning'
Because all calcularions ofthis type have in

the past been donp by hand, which certainiy
limits the scope, I found it was necessary to

consult work done by numerous diJlerent

authorities when writing this package'

The Building Research Establishment at

Garston issues excellent guidelines, as do the

British Standards Institution, the Institution
of Heating and Ventilating Engineers and the
Heating and Ventiiating Contractors Ass-

ociation. Wherever possible I have used their
findings for my programs.

I Actual windspeeds

The material is, unfortunately, not quite as

comprehensive as I would like. There are

many aspects that I consider important which
are not fully covered. For example, .the
sources q s rntÓ

sheltered, which
I consider actual
wind speeds. Ôther important ssPects ârc nol
dealt with at all.

I have found some ol the rnathematics
contained in the Gerrnan DIN 4?01 and DIN
4108 most usefui. The Swedish BÀBS
specifications. and ¡ecênt pub-li¡le$ wor\ by
numerous scientists in the field have been

used to amplify the
ed by the Briti
Establishment, and
bv various British authorities.'I would claim that this package is the

anY ofthe
as no co
very simP
es which

cÖmPuter.
The program serieß Was originally written

on a BBQB) computer ànd tranolated for the
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IBM PC. This means that the package can be

used on all the modern comPuters which are

compatible with the IBM (which will soon

includ* nerrly every computer on the

market). It can also be r¡sed with Apple,
Commodore and Amstrad cornputers. Both
the Metric (SI) units and lmperial (Amerioan)
.units can be used. At the beginning, the user

simply types in 'M' for metric or 'E' for
English units.

The package is subdivided irso aÌr

introduction and six disdnct progrâm sec'

tions. At the end of each section the user is
appr@'
data. If,
loaded

hrough
the'entire package of prograrns ûne can start
at any position ofthe program provided one

does not wish to aiter eariier work. Fo¡
example, one cån startin section HB6 if one

merely desires to alter the design of the
heate¡s.

.Program HBI, the fìrst section of the
package, deals with the various roof and wall
i¡te¡faces.

The techniques a¡e the same for ¡oofs and

walts. The user is asked to specify from â

menu the rìeture of the materials of
construction going from the outside inwârds,
as weli as their thicknesses. In the case of
ce¡amic materials (brickwork, coßcrete)
breezeblock and the likel the k-value is
worked out from density and moistu¡e
contenl by regression analysis. A k-value br
the insulation materials is suggested by the

verride if so
value. The

resistance ûf
well as the

exrernal aâd internal boundary layer resis-

tances and the thermal resislance of any air
cavity between solid laYers.

The ptitltout gives full details of each ieyer

¿nd of the finai U'velue which has been

calculated by tÌrc compute¡. It lhen asks:

l. Does the wall face unhe¡ted prelfiises
(saraee etc't?
àl ¿ãv uúaows? Ifso, give height and width
(including roof lights)
à. Lengtir arrd width{height)of roof orwall
interfece.
4. -{ny èxternal doors to wells?
5. Conrpass direcdon i¡lt'o which wall section
fgces

U-values are dctermined by standsrd
methods developed by the BRE using the

method of s¡rmmatior¡ of thcrrr¡al tesistahces'
The external iaminar ¡esistance comprises
the sum of the radiation heat resistance,
which is ïtseìf eúaluated from the Stefan
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Boltzman law, and the convection heat
resistance, which is windspeed-related and is
evaluated by application of the Langmuir
equation.

The Stefan Boltzman equation is the
following;

Qr= 5.673 x lOe ((Ts)a - (To)a) ìü/m,

while the Langmuir equation for convection
heat transfer is generally quoted as:

Qc= I.9468 (Ts-T6): zs x ((v+0.35)/
0.35¡+¡77-:

e is the the¡mal emissivit¡' (dimensionless)

Qr is the heat flow due to radiation in u'atts/
square metre
Qc is the heat flow due to convection in
watts/square metre
Ts is the surface temperature in kelvins
Ta is the external temperature in kelvins
a is the absorptivity of the su¡face (dimen-
sionless)

v is the wind velocity in m/s.
On the inside of the dwelling rhe

Langmuir equation is also used but because
the wind speed is zero ir reduces to the
following:

Qc= 1.9468 (Ts - To)r.25 WTmz

Standard BRE equarions are used fo¡ the
dete¡mination of the thermal resistances of
air cavities between interface layers. Finally,
the U-values are determined by adding the
various layer resistances and taking the
reciprocal. Standard BRE calcularions a¡e
used to determine heat losses at interfaces
which bo¡der unheated areas such as garages)
porches, unheated upper floor and the like.

I Calculations for roofs

Calculations for rooß a¡e a bit more invoived,
\üith flat and hipped roofs the calculations
are somewhat simila¡ to those applicable for
walls, but for pitched and monopitched roofs

it is necessary to calculate heat losses through
the so-called'pikes', the section of gable walls
above eaves level. Needless to say) the
computer does this on its own.

Questions are asked regarding the dimen-
sions of each of the inte¡faces, the presence
and dimensions of doors and windows, as
well as the compass direction of each of the
wall interfaces.

The computer evaluates rhe UA factor for
each ofthese inrerfaces and sro¡es the data in
a fìle, to be utilised in subsequent sections of
the package. These, with worked examples,
will be desc¡ibed in future articles of rhis
senes.

Further info¡mation on the 32 basic heating and
vemilating programs and the Heatbal package
described in this series c¡n be,obtained from:
R.M.E Diamant, 7 Goodwood Avenue,
Manchesrer M23 9JQ ¡el:061-962 2708
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