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SUMMARY
simplified methods and design aids for the calculation of cooling
Loads and .room air Lemperatures are described. The complicated
influence of the room mass is approximated by introducing the
'thermal effective mass' of the room. This quantity accounts for
the restrieted penetration oF the fluctuating radiative heat
loads into the walls - considered from room side - and is defined
in such a vray that a linear reration with Lhe cooling load is
obtained. The purpose of the work is to provide the designer withzu
handsome means to be used in the first sLages oF a building
design when only rough building data are available.

The studies under consideration were financed by:
Stichting Bouwresearch (Rotterdam), Stichtinq ISS0 (Rotterdam)
and stichting PEO (utrecht) within the framêwork of Lhe Dutch
NationaL Programme Energy Conservation.
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1. Introduction
The accurate calculation of room temperatures and cooling
demands in oFlice buildings under varying outside and indoor
conditions requires a complicated caLculation model. However,
since the introduction of computers, it has become very well
possible Lo do these calcuLations for design purposes as well.
The programmes are based on calcuration modeLs which
schematically describe the heat conduction in the walls, the
radiation between the walrs and the convection at lhe wall
surFaces For varyi-ng outdoor temperatures, solar radiation and

internal heat sources. several mathemaLical meLhods are
followed such as 'finiLe diflerences' , 'finite elements,
'response lactors t .

The advancing technology and expectise in mainframe computers
and computer models leads to programmes with more

possibilities e.g. better simylation of convection transfer in
roomzones and air cavities - but at the same time requiring
more extensive input data. However, most of these extensive
data are only available in Lhe advanced stage of building
design. This exprains the demand for more simplified rneans by

which it.is possible to try out alternative design variants in
the early staqes of the design when only basic buirding data
are available: dimensions, type of constructions, fenestration
etc.
Such methods and means are described here.
An essential simplification is the introductio¡
'specific effective room mass'.

o.f the

2. The thermal effective mass of a wall
when the surface of a walr is exposed Lo a ftuctuating
radiaLive load (sol,ar radiation, radiation From lighting), the

. outer parts of the wall (seen from room-side) will accumulate
more heat than bhe inner parts on account of the limited
penetration depth of the temperature wave. This means that Lhe

cooling load contribution of a radiative heat source increases
non-linearly with the thickness (mass and heat capacity) of-
the wal I .
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Fiqure 1: The damping

homogeneous

of a sinusoidal temperature wave in a

wall, fully insul.ated at the back side.
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If the wall shouLd be substituted by an infinitely conducting
(rictive) wall with the same pc and with such a thickness that
the cooling load wilt be unchanged, then the reration between
the cooling load contributions and the mass (or heat capacity)
of the substitution wall_ should be linear.
such an equiva)-ent thickness is introduced here and is carled
the thermal effective thickness de of a wall. Likewise the
product p de is called the specific bhermal effective mass of
the (homogeneous) wa1r. And the product p cde the specific
Lhermal eFfective heat capacity of the wall.
The linear relation beLween the cooring road given off by a
heat irradiated walr and the thermal efflective mass (or heat
capacity) of that wall is the main principle of the methods
under consideration here

It is to be noted that the specific heat c or rocky materials
in buildings - only these materials are of interesl here
shows only relatively smalJ. differences.
An indication for the value of de can be derived from the
analytical solutions for the damping of sinusoidal temperature
waves in walls [1J- For a homogeneous warr, thickness I and
fully insulated at one side (fig. 1), the decrease of the
amplitude is smaller than about 2% when

I < 0.5 (1)

of the material, pc
the periodic time of

= 24 h, the value of I is

where: I is the thermal conductivit.y
volumetric heat capacity and T

sinusoidal fluctuation.
For Lhe ususal rocky materiaÌs and T

as follows:

Lhe

the

br ick
limestone
concr eLe

0verall mean

t__ (,,Ê /=)
pc

0.45 . 1 0-5
0.60.10-6
0.90.1 0-5

value about 6.5 cm

I (cm)

5.1
6.4
7.9

IT
Iïp c
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walrs of these materials and respective thicknesses accumurate
uniformly and are futty "thermally effectiveil.
Generally actual constructions have other thicknesses. To find
practical (possibly mean) varues oF de for rocky and
concrete walls, calculations for real situalions were carried
out. For these calculations an available cooling load
programme is used, described in lz), and fitted for this
purPose.

In case of a partition wall (identical conditions on both
sides), in figure 2 bhe boundary conditions are given for both
the real wal.l A and for the substitution warl B. The latter
has I =Ø, but the same pe as the real wall A. The thickness
d(B) was varied in order to find the situation in wl-rich Qc
(g) = Qc (n). This procedure, graphicalry exprained in
figure t, was carried out for both a solar radiation load
(south) and for a righting radiation load (durinþ oflfice
hours). The results are given in table 1.

Tabl'e 1: values of the thermal effective thickness d" for
some rocky materials.

Materi al d. (cm)

r pc
t{/(m.K) J/(rrp.K)

solar radiation
(south, July)

lighting
r adiation

0.45 1.1 . 1d

0.70 1.4 . 1d

1.9 2.O . 106

8.0

8.4

10.5

7.O

7.2

8.0

0veralL mean value: about B cm.

Insulating surf,ace Iaver
Insulating layers like carpets,
ceilinçs, ete., reduce the t.hermal

sound absorbing material on

eflfective mass.
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determination of the
d" in case of a partition

(B)

À

P
c

Figure 2: Boundary
thermal
wall.

o"(B)

o.(Å)

Or: soltn exo
LIGHTING
F^Ol^T 10N

dr

Flgure ): Determination of do under the condition:
Qc(B) = Qc (A).
Type of solar radiation load, south,
Lighting radiation: block-snaped.
Calculabion base:
ffi Qc(A) and Q"(B) ar
Lighting. radiation: Q"(A) and Q"(B)
during office time.

----> d (B)

July.

14.00 hours.
average values
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To account for
defined by:

this effect a reduction factor f is int roduced

without cover

f= Q)with cover
c

The facLor f is time dependent. For various constructions and

situations the value of f is determined by calculatinq the
cooling load contribution Qc with and without an insulating
surface layer.
In the case of solar radiation the value of f occurring at the
moment of maximum radiation is a rear mean value for the
period 2 to J hours before and after the moment of, maximum

load.
In ,the case oF (block-shaped) lighting radiation the average
value of f during the lighting-on period appears to be quite
comparable with the average value of f for solar radiation as
mentioned above-

rn tabre 2 these values of f are given for Lhree kinds of
rocky materials.

Table 2i Average values for the reduction factor f.

material

bricks with t
bricks with t
concrete with t

0.45

0.7

't -9

0. 85

o.7t

0.60

5. The specific effective mass of a room (SEM)

similar to the thermar effective thickness de and the
reduction factor f as described in par. z and t, it is
possibre to formulate a thermal effective mass of a room

defined by: '

Xf . m

A
SEM = (t)
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where: sEM is the specilic thermal eFfective mass of the room
ín kg/r# ,

m" is the effeetive mass of the warl, roof etc. in kg

m =o d Aw w e r.
with o¡1 is the volumeLrià *""" of bhe maLerial; de

mean thermar effective thickness as described
A* is the surFace area of the wall, roof, etc.
F is the mean reduction factor for insulating

is the

below in m;

,

layers ( as
described below);

Ar = f,A* is the total inside surface of the room,
in nÊ.

In the methods and means to be described in par. 5, the
quantity sEM is the linearized room mass parameter. Regarding
the values for de and f, mentioned in par.2 and i, as
indications, for many room situations (different waÌIs,
different heat roads), the maximum cooling demand ( from both
the radiative and the convective parts of athe solar and
lighting loads) is carculated as a function of sEM. The values
ã and f were varied in such a way that a rinear relation
between.the maximum cooling load and sEM was obtained.
This resulLed in the forrowing rules for the de.termination of
SEM in practical situations.

Concernino ã-e

- ïn case of partition walrs and floors it is to be supposed
that the heat loads in the adjacent rooms are identical. so
Lhe mass of these constructions, assuming symmetricar
composition, does not contribute to the accumulation of, the
room for n_o nìore than the middre oF the construction. so the
varue of J" is no rarger than harf the totar. warl or floor
thickness.

- In case of rocky inner warrs and partition froors, and in
case of massive rocky outer waIls, roofs and groundfloors,
a thickness of at the most 6 cm (including plaster, if any)

' is Laken into account - apart From an insult'ing rayer (ir
present) or cover For wrrich the factor F is introduced. :
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In case of composite outer wal.ls and roofs only the inner
part of the construction up to any insuration layer, and in
case of rocky material ab t.he most 6 cm (incLuding plaster,
ir present) is taken into account - apart lrom a possible
insulating layer or cover on Lhe room-side.

- Parts of vertical walls, which are masked by Lhe

ceiling or a hightened floor are not taken into
that is: neither in the mass mw nor in the
sur f ace Arr.

lowered

account,

i nt e rnal

Concerning f:
In case of insulating layers like carpets, wood panels, sound
absorbing ( and thermal insulating) materials with normal
thickness, lowered ceilings, for -f a varue of 0.7 can be

taken. Pl,asters are considered to be non-insurating (F = 1).
By means of a handsomery tabulated caleulation scheme the
value of SEM can easily be determined.

5. Applications
The speeific effective mass sEM is used in the methods for
globar indoor cLimate calculations as wilr be described in
Lhis paragraph. 0nly the essentials are given.

5.1. Influence of room mass on the cooling load
For global design purposes a simprified cooling load method is
developed, in which Lhe cooling road parts caused by solar and

lighting radiation absorbed at. the inner walL surfaces, are
calculated by the fol.lowing linear relations.

a. Radiation part of liqhting heat. The cooling road is
calculated by introducing the heat storage factor sl:

sr = s1(o) * ["r(loo) - s1(o)J . g
100

(4)
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where: sI(0) is the heat sLorage faetor for the radiation
part of the lighting when SEM = O Ug/n? and

s1(tOO) is Lhe ssne factor when SEM = 100 Ug/r# .

The values for s1 (0) en s1( t OO) are Labul ated for each

hour of the day and for each operation hour of the lighting or

part of the lighting.

b. Solar radiation Lransmitted through windows and absorbed at
indoor wall surfaces. The cooJ.ing load is calculated by

introducing the specific solar radiation cooling load

qsg , i-rnpt icitly defined by:'

orn= ,, .on.= [e"n(o) *{e=n(too) - qsq(o)} #, in IwJ (5)

Qsg is the cooling load caused by solar radiation
transmitted through a window, in }{;

An is the area of the glass panes, in nÊ;

STF is the solar heat transmission factor, defined by

sol-ar

radiation

e¡ and eç caused by

not by overall heat

outside/inside

solar radiation only,
tr ansmission

9o

""0] 
o.

--) transmitted solar radiation

--) heat radiation from window

---) convection heat q"

(6)
q

STF =

+q



z is a reduction factor for shadowed parts of the
qsg(100) is the cooling load caused by solar

. heat load (throuçh windows) per ,rp gÌ ass area and
when SfM = 100 kq/r# I

Qsg(O), the same when SEM = o kg/r#
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asg(0) and qsg(100) are tabulated for-
nine window orientations separateJ.y for

and without indoor sunshading device.

window;

radiative
STF = 1t

The hourly values
each summer month,

window systems with

5.2. Influence of room mass on room temperature
When the hourly cooling load of a room (at constant room air
temperature) is known, the increase of the room air
temperature in case of no cooling can be ealculated by

AT
24

-Lrrt n=1
TR^. A_-l , in IKlnr' (7)

where Â T, ,t is the increase of t.he room air teinperature on
timepoint t of the ,température calculation day, (5t.n
day), when cooling is stopped after the ,cooì.ing load
calculation day';

Qn is the cooring road at constant room air
temperature on timepoint n of the ,cooling Load
caLculation day' (5th day from start), in W;

TRn is Lhe response of the room air temperature caused
by a heat source -of 1 ll at time n of the ,cooì,ing road
caleulation day' and at the same time n of the forrowing
days, ín K/# room surface area;

Ar is the area of Lhe t.otar- internar surface of the
room enveloping constructions, in #.

To correct for the changes in transmission and infiltration
heat transfer caused -by the temperature increase ôTrrt, Lhe
parameter K is intnoduced:
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K = (ú. Ao + 0...ü)/\, in w/(rr¡.K)

where: [i is the mean U-value of
Ao is the t.otal surface
,#;
pc is the volumetric heat capacity of Lhe air,
¡/(m3.K);

ú is tne free ventilation air quantity, in ni/s.

The values of the temperature response factor
tabulated for each hour n (of the cooling
day) and for:

main time points t of the temperature calculation day,
K = 0, 4, B, 12, j6 W/G2.K),
SEM = O Ug/,# and SfM = 100 Ug/r# .

so, in this case two interporations have to be carried out:
one for the actual_ value of K (linear by approximation) and
one for the actuar varue of sEM (rinear by deFinition). To
simplify the caJ-curation, a handsome scheme is made for
practical use.

the outer wal1s, in
area of bhe outer

(B)

w/(# .x);
walls, in

li.l

tn

TRn are

load calculation

A complete description
temperature calculation
calculations a computer

on a micro computer.

of these cooling Load and room

methods is given in [ 5J . For both
programme has been developed for use

5 .t. Design aids for the determination of acc table window
size and required sunshadinq in buitdi withoutS

For office buildings without mechanicaJ- cooling, design aids
are developed to deLermine the maximum window sizes and the
required sunshading in order to prevent too hiqh indoor air
temperatures. This in reration to the main buirding properties
and cireumstances such as: buitding mass, orientation, window
partly movable or not, interna-l_ heat. load. - -' -.:-
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The design aids are presented in the form of graphs in which
the spectific effective mass is parameter. Examples are given
in figures 4 and 5. Here window size and solar transmittance
are expressed by Lhe quantities pG and STF:

PG is the percenLage of grass in Lhe façade, based on indoor
s izes

STF is the solar heat transmittance factor.

Other parameters are:

- accepbable temperature rever TMAX in relation to air
velocity conditions.

- type of glazing and sunshading

- orientat.ion : based on south and south-west (onty office
hours)

for south-east: maximum STF-value 1.2 x
for east : maximurn STF-value 'l .4 x

Similar graphs are made for other types of glazing.
The graphs are vaLid for a mean crimatic year in the
Nether lands.
The work is published in [ 6J .
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Figure 4: The maximum acceptable STF-value as a function oF the
percentage glass PG, or the maximum percentage of glass
PG as a function of STF, for eouth and west (only office
time).
Obher variables:
specific effective mass SEM

air movemenL conditions
obher orientations: south-east: maximtrn STF 1.2 x

east : maximum STF 1.4 x

Ol,
or¡Of1J
r¡ ¡\PG

t.,
PG

+.,

ventilation: J airchanqes per hour during oFfice time
internal heat'Ioad: 1O-W/r# floor area (ãn ,unny days)
outdoor conditions: mean climatic year
Nether I ands.

Glazinq añd sunshadinq: single glass.

in .Ihe

TMAX = 28'C
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