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SUMMARY

The project "Windows and Fenestration™ (1983-1986) is one of about l4
prejects ("Annexes") of the International Energy Agency ({IEA) R&D
Programme "Energy Conservation in Buildings and Community Systems".
Eight countries participated in this project. Activities were divided
into 4 Steps.

Step 5, dealing with calculation series to find the influence of
windows on the energy consumption, was carried out in het form of
national studies by USA, Switzerland, Germany and the Netherlands.
This report documents the activities and results of the Netherlands

within Step 5.

The report starts with a brief introduction into the thermal and solar
properties of windows and its relation with the heating requirements
and energy consumption. This chapter is followed by the presentation
of the main terms in the heat balance of a heated space. A method is
introduced to calculate by hand monthly heat losses and gains. Simple
correction factors have ©been developed to deal with special
gsituations. Particular attention is given to the influence of various
types of window systems.

Correlation factors are proposed to take into account unsteady state

effects; the gain utilization factor ng as function of the gain loss

ratio GLR and the correction factor for thermostat set-back during

night (Gy) or during non-office hours (Gywy)- Furthermore a

parameter dTp, the mean relative overheating has been introduced;

the latter quantity gives some indication of the overheating due to
non-utilized gains.

Novel aspects of the methods compared to other existing methods are:

~ the applicability of the method for office buildings without
mechanical cooling;

- the applicability of the method in a multi-zone situation with
exchange of heat by transmission and/or ventilation between
different spaces;

- the rough indication of thermal comfort by the introduction of the

relative overheating.
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The main limitation of the method in comparison with some of the other
methods is that passive solar elements other than "direct gain®
fenestration, 1like collector storage walls have not (yet) been

included.

Series of parameter studies using- the unsteady state computer model
DYWON are reported. The results of these calculations made it possible
to quantify the correlation factor mentioned above. -

With the correlation factors a simplified calculation method hdslcome
available to calculate the space heating requirments for a wide range
of situations. g

The method received the name TCM-heat (TPD Correlation based on
Multizone <calculation method to calculate the monthly heating

requirements).

The simplified method has been verifief against a calculation with
DYWON for twh complicated multizone situations in a highly insulated
dwelling.

Although the selected cases were quite extreme, the agreement in
annual heating requirements for the wheole dwelling is good.

Some deviation occurs in the distribution over the months and over the
zones. The first is due to the fact that for some months the heat
demand is the very small difference between the much largler heat
losses and almost equal gains; the lattier is due to the strong

interaction between the zones in a well insulated building.

Finally, examples are presented of one of the possible applications of
the method, namely to show the influence of window size, type and
orientation on the energy consumption for space heating in a selected

number of typical situations.
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These examples illustrate that the influence of a change in window
size, type or orientation may depend on the actual conditions like for
instance climate, type of use of the considered zone, insulation level
and alsc the conditions in the adjacent zones.

With TCHM-heat the influence of the window on energy consumption can be

calculated "tailor-made" to a particular situation.

Although TCM-heat is ©basically a hand calculation method, the
calculation 1is inevitably complicated. in case of a multizone
situation. With the Fortran-version of TCM-heat, however, also complex

multizone situations can be dealt with easily.
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PREFACE

INTERNATIONAL ENERGY AGENCY 4

In order to strengthen co-operation in the vital area of energy
policy, an Agreement of an International Energy Programme was
formulated among a number of industrialized countries in November
1874. The International Energy Agency {(IEA) was established as an
autonomous body within the Organization for Economic Co-coperation and
Development (OECD) to administe; that agreement. Twenty-one countries
are currently members of the IEA, with the Commission of the European

Communities participating under special arrangement.

.As one element of the International Energy Programme, the Participants
undertake co-operative activities in energy research, development and
demonstration. A number of new and improved energy technologies which
have the potential of making significant contributions to our energy
needs were identified for collaborative efforts. The IEA Committee on
Energy Research and Development (CRD) assisted by a small Secretariat
staff, co-crdinates the energy research, development and demcnstration

programme. .

ENERGY CONSERVATION IN BUILDINGS AND COMMUNITY SYSTEMS

As one element of the Energy Programme, the IEA encourages research
and development in a number of areas related to energy. In one of
these areas, énergy conservation in buildings, the IEA is encouraging
various exercises to predict more accurately the energy use of
buildings, 4including comparison of existing computer progrhmmes,
building monitoring, comparison of calculation methods, as well as air

quality and inhabitant behaviour studies.

THE EXECUTIVE COMMITTEE

Overall control of the R&D Programme energy conservation in buildings
and community systems is maintained by an Executive Committee, which
not only monitors existing projects but identifies new areas where
collaborative effort may be beneficial. The Executive Committee
ensures all projects fit into a predetermined strategy without
unnecessary overlap or duplication but with effective liaison and

communication.
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In June 1982 the Executive Committee approved Annex XII, 'Windows and
Fenestration' as a new joint effort project, with the Netherlands
acting as 'Operating Agent' to co-ordinate the work.

The following countries are participating in this project:

BELGIUM, FEDERAL REFPUBLIC OF GERMANY, ITALY, THE NETHERLANDS, NORWAY,
SWITZERLAND, UNITED KINGDOM, UNITED STATES.

The project consists of 5 steps:

Step 1l: Survey the state-of-the-art in all types of existing windows
and future designs (including glazing and combinations of glazing and

insulating and/or sunshading systems).

Step 2: Survey the state-of-the-art in thermal and solar properties of
windows and compare definitions, test methods, calculation procedures
and measured, calculated or assumed data, wherever possible converted
into one or several sets of standardized conditions. The aim: to try
and cover all existing (and sometimes conflicting) informaticn in this
field in an extensive report for ‘'expert groups'.

A separate report contains summarized information €£or general wuse

among architects, consultants and manufacturers.

Step 3: Review and analyse existing simplified steady-state
ca{culation methods dealing with gains and losses through window
systems. These methods can provide a preliminary and global figure for
the influence of the window on energy consumption without considering
the interaction with the building, occupants and climate in a detailed

wvay.

Step 4: Adapt and compare existing dynamic calculation methods dealing
with the influence of window type, size and orientation on energy

consumption and thermal comfort in buildings.
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Normally, a good window design will often be treated with a global
approximation, with the consequence that specific features of the
design cannot be revealed properly. With a study specifically focussed
on windows complex systems also can be =simulated, like multi-layer
syatems with foils, coatings and/or gas fillings and e.g. systems at
which the control of an openable window, 1insulation panel, or
sunshading is associated with indoor temperature and/or time and/or
intensity of solar radiation. A thorough consideration of the effect
of windows calls for a calculation model that can. handle such

simulation.

Step 5: Apply unsteady state models in a series of selected, general
sensitivity studies and thereby produce extensive information on
optimal window design from an energy point of view for different
buildings (mass, insulation), occupants' behaviour schemes (control of
equipment, internal heat) and climatic zones. The results are aimed at

groups like architects, manufacturers and policy makers,

Thig publication is the result of the activities by the Dutch
participant within the framework of Step 5.
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TERMINOLOGY AND SYMBOLS **

symbol I unit

NOTE: For a plane layer for which the concept of

thermal conductivity applies and when this property

|
Heat: quantity of heat Q | J*
Heat flow rate: the quantity of heat transferred ]
to or from a system per unit time: d l W
dQ
¢ = —
dt
Density of heat flow rate: heat flow rate divided |
by area: tq -I W/m?
d¢
q = 7
da
Thermal resistance: temperature difference divided I
by the areal density of heat flow rate in the |
steady state condition: R |(m’.K)/W
T, - T,
R=————
q

is constant or linear with temperature:
d

R=-—
S

where d is the thickness of the layer,.

These definitions assume the definition of two
reference temperatures, T, and T,, and the area
through which the density of heat flow rate is

uniform.

* Or MJ or kWh; from MJ to kWh: divide wvalue by 3.6.

*% This list is, wherever possible, based on IS0 draft standard

DIS 7345/1 [1].
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symbol | unit
|

Surface coefficient of heat transfer: density

I
of heat flow rate at a surface in the steady l
state divided by the temperature difference I

between that surface and the surroundings: h W/ (m?,.K)
q

h =

T -T

s a |
Thermal transmittance: the heat flow rate per |
unit area in the steady state divided by the I
temperature difference between the surroundings I
on each side of a system: U lw/(m'.K)

¢

Um=

(T1 - Tz)A I
Thermodynamic temperature : T | K
Celsius temperature 0 | °C
Area A [ m?
Volume v l m?
Overall specific heat loss coefficient: the sum I
of heat flow rates by steady state transmission I
and ventilation divided by the temperature |
difference between the considered space and the l
surroundings: H | w/x

H = zj ¢j/(T1 - Tj)

Emissivity: the ratio of the emitted radiant intensity

to the radiant intensity emitted by a black bedy ‘
at the same temperature and in the same direction |

or with the same angular distribution: €
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symbol [ unit

Solar absorptivity: the density of absorbed

solar energy in a surface divided by the

intensity of incident solar radiation: a

Total solar energy transmission coefficient:

or: total solar energy transmittance

or: solar factor

The density of transmitted total solar energy
through a window divided by the intensity of

or: SF

Gain Loss Ratioc: the total heat gains divided

by the steady state or minimum heat loss: GLR

Utilization factor for gains: the ratio of the

utilized gains to the total heat gains: nG -
Time interval:‘the length of a considered period,
e.g. month: dt Ms

{
|
|
|
I
|
|
|
|
|
|
incident solar radiation: -4 I ==
|
!
|
|
|
|
|
|
I
I
|
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SPECIFIC DIMENSIONLESS PARAMETERS AND CORRECTION FACTORS
for the relation nG(GLR) : K, D (defined in chapter 5)
for thermostat setback correction:'CN, CNWH' FWD (chapter 4)
for night insulation : r, FTEN' FTWH {(chapter 4)
for solar shading : z, FQ(j) (chapter 4)

SUBSCRIPTS
interior i
exterior e
. surface or sky 8
interior surface si
exterior surface se
convection c
radiation r
ambient or air (!) a
setpoint set
window w
opaque op
transmission T
ventilation v
internal sources I
solar S
loss L
gain G

heat demand or heat supply HD

INDICES

month

orientation

other zone, space

=N W3

construction
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1. INTRODUCTION

The parameter studies within Step 5 of the IEA research project
Annex XII, Windows and Fenestration, were carried ocut in the form
of national studies, in which U.S.A., Switzerland, Germany and the
Netherlands are involved. Reference calculation cases and standard
variations were specified to optimize the exchange of results.-Each
involved laboratory further selected the calculation cases on the
basis of the national situation. The evaluation of results was
‘carried out also on a national basis. Preliminary results, however,
were presentéq and discussed during the project's experts meetings
over the years 1984-1986.

Moreover, the parameter studies were preceded by a comparison of
computer programs selected for the calculations (Step 4, [2]) and
by a review and analysis of existing simplified steady state
calculation methods (Step 3, [3]); the activities within Step 3
resulted in a number of recommendations to be wused in the

evaluation of the Step 5 results.

This report describes the activities within Step 5 by the Duich
participant in the project.

The report starts with a brief introduction into the thermal and\
solar properties of windows and its relation with the heating
requirements and energy consumption. This chapter is followed by
the presentation of the main terms in the heat balance of a heated
space. A method is introduced to calculate by hand monthly heat
losses and gains. Simple correction factors have been developed to
deal with special situations. Particular attention is given to the
influence of various types of window systems. Correlation factors
are proposed to take into account unsteady state effects.

Series of parameter studies using the unsteady state computer model
DYWON are reported. The results of these calculations made it
possible to quantify the correlation factors mentioned above.

With the correlation factors a simplified calculation method has
come available to calculate the space heating requirements for a
wide range of situations.

The simplified method has been verified against a calculation with

DYWON for two complicated multi zone situations.
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Finally, examples are presented of one of the possible applications
of the method, namely to show the influence of window size, type
and orientation on the energy consumption for space heating in a

selected number of typical situations.

In figure 1 the main contents of the report are presented

schematically.
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2. THERMAL AND SOLAR PROPERTIES OF WINDQWS

The energy consumption for space heating in buildings is determined

on the

envelope and by ventilation, on the other hand

from solar radiation and from internal heat

lighting, equipment), see figure 2. In addition

the heating installation plays a role (figure 3).

7///’/////4’//////////457/7////////
solar 7’
irradiation )

internal heat
ventilation
accumulation
transmission —— heating
Z

a0 S

Figure 2:

the heat balance of a building determines

consumption for space heating.

gains
3
dec"iqt!. S_l_][.lpl_y _T _____________ transm.
supply heat
trom installation vent.
1 2 4
install.
losses

Figure 3: Thermal balance including installation.

R R R RN

Apart from the efficiency of the heating

one hand by the heat loss by transmission through the

by the heat gain
sources (persons,

the efficiency of

installation,

the energy

1 primary energy

2 net heat demand

3 useful gains
(solar, occupants)

4 building heat loss
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The window system accounts for part of - the . heat losses
(transmission) and part of the gains (solar) (figure 4). Moreover,
also the wventilation losses could partly be attributed to the

window (infiltration).

through &
window:

heat
loss

heat
gain

heat transmission

solar
transmission

=T

Figure 4: The window accounts for part of the losses and gains.

The heat balance of the window is integrated in the heat balance of
the building or room under consideration.

Therefore, when looking for a method to determine heat loss and
gain through windows the thermal characteristics of the building

involved play an important role.

The heat loss per unit of window area and per K temperature
difference between indoor and outdoor environment is described by

the thermal transmittance or U-value:

heat flow density through window
U= (W/m2K)
indoor-outdoor temperature difference

In the usual definition of U-value, the effect of solar radiation
is not included. The latter effect is described by the so-called
(total) solar energy transmission coefficient, here presented with

the symbol g:
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total sclar energy entering the room through the window )
E = -
solar radiation incident on the window

So the solar energy transmission coefficient includes both directly
transmitted short wave sclar radiation (primary part) and the
indirect heat transfer by the part of the sclar radiation which is
absorbed in the window and transfered to the indoor space by

infrared radiation and free convection (figure 5).

\\\

solar
radiation
absorbed heat
secondary
removed by transmission
convection and
|R-radiation
‘direct
reflected transmission

N

Figure 5: Illustration of the transmission of solar energy through

a window.

Within Step 2 of the IEA research project reports have been
prepared which deal specifically with the thermal and solar
properties of windows ([4], [5], [6])-
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. HEAT BALANCE EQUATIONS FOR SPACE HEATING

3.1 Instantanecus balance

The instantaneous thermal balance for a heated space can be made

with the following terms (see also figures 2 and 3):

b = b+ bp0c ~ O W) (1)

where: heat supplied by the heating systém (W)

¢HD
= heat losses by transmission and ventilation (W)
L

¢ACC = accumulation of heat into the mass inside or
surrounding the space (W)
¢G = heat gains from internal sources and sun (W)

The terms ¢1, and ¢ depend on temperature differences.

ACC
The accumulation is a complex function of the temperatures within
the constructions and the indoor air and mean surface temperatures.
The unsteady state effects inside heat loss giving constructions

can be considered as accumulation effects; the remaining steady

‘state heat loss can be written as:

b = H (8, - 8) (W) (2)
where: HL = overall specific heat loss coefficient of room i
(W/K)
01 = indoor temperature of the room (°C)
Ba = ambient temperature (°C)

If during a certain time interval the right hand side of equation
(1) tends to become less than zero, then there is no heat demand.
In that case the indoor temperature will rise: overheatiﬁg. The
overheating leads to increased loss and accumulation, as equation
(2) for the ﬁeat loss illustrates. The increase in loss and
accumulation continues until an equilibrium is reached.

In an ideal situation the potential for accumulation would be =so
large that the overheating remains negligible also in case of

incidental high gains.
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The accumulation also plays another - less beneficial - role: when
the thermostat setpoint is set back for the night (dwéllings) or
e.g. weekend (offices), the heat accumulated. during the day is
given off to the room, while there is no heat demand; ﬁhen the
thermostat is reset to its higher value in the morning or after the
weekend, the heating system must compensate the loss of accumulated

heat, unless the sun is already there to take over the role.

3.2 Monthly heat balance

If the terms of equation (1) are integrated over large time
intervals, say a month, then the accumulation term becomes
negligible: it is a more or less diurnal fluctuation of positive
and negative values,

So the monthly heat balance can be written as:

Up = U rear ~ % _ (W1 (3)

with QHD' Q and QG the integrated heat flows (MJ or kWh).

L,real
The 1loss term QL has been provided with the index "real"”,

because the term Q is the integration of instantaneous

L,real
losses ¢L over all hours, including hours on which ¢L is

increased due to the overheating described above:

QL,regl HL'(ai,real - egzidt (1) (4)
where © = real mean indoor temperature (°C)

_i,real

ea = mean ambient temperature (°C)

dt = time interval; dt = D.24.0.0036 MJ

with D = number of days of the considered period

So part of the gains, integrated in QG have not been used to
diminish the heat supply by the system. This unutilized part has
led to overheating of the space above the thermostat setpoint

level.
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3.3 Utilization factor for the gains n, and gain loss ratio GLR

If we define the utilization factor for the gains as the ratio of
utilized to total gains, then equation (3) can be written in

another - but fully equivalent - way:

Qp = 9 - 6% (MI) (5)

Here, the term QL is introduced, being the integrated heat
losses in the situation without overheating (low gains or effective

accumulation):

L= }{L.(eh!nin - Oéz:dt (MJ) (6)

Q

with 51 min - minimum indoor temperature based on thermostat
’
setpoint (°C).

In case of high gains compared to the losses the monthly heat
demand QHD will become 2zero; for instance in late spring or

early autumn.

If we define the gain loss ratio GLR as:

GLR = QG/QL (=) (7

then equation (5) shows that the utilization factor becomes:

. 1
for high GLR (QHD = 0): ng = EIE (~) (8a)

We already saw that the utilizatlion factor is a function of mass,
now we see it is also a function of the value of GLR in a
particular situation.

In case of low gain loss ratio GLR it can be expected that the

gains will never lead t¢ overheating, so in that case:

for low GLR: n, = ! (-) (8b)
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Thus the shape of the utilization factor as a function of GLR in an

ideal situation will be:

in ideal situation: = ] for GLR

Ng AS
~ 1/GLR for GLR > 1 (9)

Ng

For any real situation Ng will have 1lower values in the

intermediate region of GLR values,

See figure 6.

(=)

-

(=)

Figure 6: The utilization factor g in the ideal and in a real

situation as a function of the gain loss ratio GLR.

3.4 Unsteady state calculations and simplified method

One of the major aims of the series of unsteady state computer
calculations 1is to quantify the nG—functions for various
categories of situations. With a known nG-function the heating
;equirements can be calculated by hand for a wide range of
situations using equation (5).

In the next chapter the procedure to determine QL and QG

will be described.

As a time interval for the derivation of the utilization factor and
thus also for the application of the simplified method one month
has been selected (offices: 4 weeks).

This period is long enough to avoid too much "carry-over" of heat

from one period to the next due to the accumulation.
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On the other hand, a month 1is short encugh to provide the
distribution of heating requirements or solar gains over the year
and to determine the actual length of the heating season. The
direct use of monthly results could, however, be subject for
discussion, because the monthly results will inevitably suffer from
larger inaccuracies than the integrated results over all months of
the heating season, as the results of the correlations presented in
chapter 5 will show.

Finally, by the monthly apﬁroach each selected case will provide
about 7 monthly results, with as much different values of the gain
loss ratio. This is a much better basis for curve fitting of the
utilization factor versus gain loss ratio than the single result in
case the whole heating season is integrated. In the latter approach
the outdoor climate (weather) is no varying parameter, thus the
results cannot be transferred to other climate or weather
conditions., Of course, for a one climate situation the annual
approach can be very useful, with a minimum of computations to be
carried out; see for instance the TPD-method described in [3], [13]

and [14] and used also in the publications [15] and [16].

3.5 Utilization of gains versus overheating

The equivalence of equations (3) and (5) leads to the following
observation:

the real heat losses are higher than the heat losses without
overheating. The ratio between both losses quatifies the increase
in temperature difference between the considered room and the
ambient to which the transmission and ventilation heat flows.

If we define the mean ambient temperature as experienced by the

room as Oa, then the ratio of QL,real to QL can be

defined as the mean relative overheating dTR, with:

ei real ea
dT, = + (=) (10)

ei.min a
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where: dTR ~ mean relative overheating of room'i (-)
ei,real = monthly mean real indoor temperature (°C)
_i min = monthly mean indoor temperature in case of no
, .

overheating (°C)

0 = monthly mean ambient temperature experienced

by the room (°C)

N.B. if the room has only losses to outside: Oa =0 , the
outdoor temperature.

The absolute overheating dT, can be defined as:

A

4TA.: (ei,gggl - ej.,min)

(°c) (1)

It can easily be shown that the relative overheating can directly

be calculated when GLR and n, are known:

dTp = 1 + (1 - n.).GLR (-) (12)

or, substituting the definitions for and GLR, it can be

n
G
expressed as a function of QHD’ QG and QL:

aTp = (QG + QHD)/QL . (=) (13)

The absolute overheating can be calculated with:

(l- = ‘\G)-QG

dTA = —— {°C) (l4)
HL.dt

or expressed as:

dT, = (dT, - 1).(®

A 8) (*C) (15)

i,min _ "a

The values for dTR or d‘l‘A give some quantitative
information about the discomfort due te overheating and thus of the
need to take measures against it.

0Of course it is only a mean monthly temperature indication without

any information concerning peak temperatures.
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Note, that for g - 1l there 1is no overheating (dTR = ] and
dTA = 0°C).

The advantage of dTR over dTA is that it can be presented
like the utilization factor as a function of the gain loss ratio
only, for any category of situations for which an Ng (GLR)
function has been determined {(equation{l2)). The mean overheating
in °C (dTA) requires more specific information about the
situation, like the overall specific heat loss coefficient or the

mean ambient temperature {(equations (l4) and (15)).

3.6 Literature

Approaches more or less similar to the utilization factor/gain loss
ratio approach described in section 3.3 can be found in other
publications proposing or describing simplified calculation methods
for space.heating requirements. For instance proposals in 150 [7]
and "Eurocode" [8], descriptions by Barakat [9], [10] and in the
method 5000 [11]. See section 5.8.2 for some detailed comparison
with these other methods.

Other approaches are also based on correlations between series of
unsteady state calculations and steady state equations, but with
different types of correlation coefficients. For instance the
ASHRAE/Los Alamos method [li] uses the "solar savings fraction"
(SSF) in combination with the "solar-load ratio® (SLR) instead of
utilization factor and GLR. The wvalue of SSF determines the
fraction of the losses which are compensated by the solar energy.
The Los Alamos Approach has its origin in active solar energy
systems. This led to a decoupling of the solar element from the
building, which makes the method unnecessarily complicated and less

transparant than the methods mentioned above.

The main novel aspects of the method presented in this report are:
- the special attention for widely varying types of window systems,
with movable shading and insulation provisions;

- the possibility to assume thermostat night setback;
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- the applicability of the method for office buildingé&\without
mechanical cooling; .

- the applicability of the method in a multi-zone situatién with
exchange of heat by transmission and/or ventilation between
different spaces; X

- the rough indication of thermal comfort by the introduction of

the relative overheating.

The main limitation of the method in comparison with some of the
other methods is that passive solar elements other than "direct
gain® fenestration, like collector storage walls have not (yet)

been included,
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4. DETERMINATION OF THE ELEMENTS OF THE THERMAL BALANCE

4,1 Heat losses

4.1.1 Main equations

For each month or 4 weeks period:

the heat loss for no gain situation:

Q= QU y* Uoop * (1) (16)
With:
heat transmission through windows:
QT,W = AW'UW'(ei,min - Be).dt (M1) (17)
where Aw : window area (m?);
. Uw : window U-value (W/m2K);
8., . : mean minimum indoor temperature (*C);
i,min
§e : mean outdoor temperature {(°C)

or temperature of adjacent space.

The values for AW' Uw are to be found in the building

specifications; in case of night insulation: see section 4.1.3.

The wvalue for éi min is the thermostat setpoint; in case of

a thermostat setback a downward correction is needed, see

section 4.1.2.

The values for 'ee and dt can be derived from climate data,

see for De Bilt and other Dutch loca;ions section 4.4.

Heat transmission through opaque constructions:

Q = A 'C

T,0P OP°U0P° - Be).dt (MT) (18)

i,min

where AOP: area of the opaque construction (m?);

UOP: construction U-value {W/m3K).
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The values for A U are to be found in the building

OP' "OP
specifications.

N.B.: Sometimes an individual heat loss component is negative;
for instance the positive heat flow to (thus negative
heat loss from) a North room through the partition wall
separating the room from a South zone. These negative
according to equation (16). Negative losses should not
be regarded as part of the gains, because they respond
to changes in temperatures like the positive losses and

unlike the solar or internal gains.
Ventilation heat loss:

Qv = 0'336'v'(ei.min - ee).dt (MJ) (19)

1

Where: V: mean ventilation rate (m?/h).

The wvalue for V is the assumed sum of infiltration and
ventilation. The factor 0.336 is the thermal capacity of air
(J/m*) divided by 3600 (s/h).

N.B.l: Only air flow from outside or from another indoor space

have to be taken into account.

N.B.2: In case the ventilation pattern shows a significantly
uneven distribution over the day, equatien (19) should
be calculated for each part of the day separately, on

the basis of dt and Ge (if available)

i,min’

for that part of the day.

This is for instance the case in office buildings where

mechanical ventilation is used only during the office

hours when @ is  high (and the outdoor
i,min

temperature somewhat higher than the average value).
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4,1.2 Correction for thermostat setback

a.

Dwellings

For dwellings a parameter, C has been defined which

Nl
makes it possible to correct the mean minimum indoor

temperature in case of a night set back of the thermostat.

For offices a similar parameter, CNWH’ has been defined

to take into account the thermostat setback during the non

working hours and the weekends. The wvalue of CN and

CNWH respectively is to be derived in the correlation

process together with the {(GLR) function (see

s
chapter 5).

For the night setback in dwellings the following correction
is introduced:

ei,min N CN'eiLsetlday - CN)'ae (*¢) (20

where: ei,set,day: the daytime (mean daytime and evening)

thermostat setpoint (°C).

N.B.: the temperature ae-is the real mean gutdoor
temperature, alse in multi-zone situations in which one
could be temgted to replacing Se by the mean ambient
temperature ea as experienced by the room. See for a

more extensively discussion on the night setback correction

the last part of this section.

. Dffices

For the setback before and after the working hours and
during the weekends in offices another correction formula is

introduced:

).C

= (FTWH + (1 - FT ).o

WH
+ (1 - FTWH).(I -C

i,min NWH i,set,WH

(*c) (21)

NWH)'ei,set.NWH
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where: FTWH : ratio of "degree hours" over the working
hours to the "degree hours" over all
hours of the considered period. See

equation (22);

: t tat t t i i
ei,set,HH hermosta setpoin during working hours
(°C);
ai,set,NWH: idem, non working hours (°C).
The term FTWH can be derived from hourly climate data,
from:
EH (ei,set,HH " ae)
FT = -
" z (ai set,WH ee) o
all hrs ! '

The wvalue for FTHH can be found in the tables of section

4.4 for the Dutch climate.

For both CN and CNWH goes, that the wvalue ranges
between 1 and 0.
A value 1 means that © is equal to the high

i,min

thermostat setpoint;

A value O means the strongest possible drop in temperature.

The difference in approach between dwellings and offices
originates from the fact that for typical situations in
dwellings the nightly (low) setpoint is hardly ever reached,
so the temperature drop during the night can not be
considered as a function of this non-active setpoint.

For offices, the setback periods are longer: evenings and
weekends are wifhin the set back regime. The lower setpoint
will be reached often, particularly for the no gain
situation. Remenmber that overheating by pgains is treated
separately via de term dTA (e.g. equation (15)). The
lower =setpoint is therefore a decisive parameter for

offices.
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. Digcugsion on adequacy of the correction factor; dwellings

If the thermostat in a dwelling is set back for eight hours
from 20°C to 15°C then it can easily be calculated that the
minimum wvalue of the correction factor CN in case of
monthly mean outdoor temperatures between 0 and 10°C ranges
from 0.92 to 0.83. The real value will be significantly
higher because in many situations the lower setpoint will
not be reached, and certainly not during the first hours
after the setback.

The CN—value to be derived by co}relation (chapter 5) 1is

supposed to be a constant value for a whole category of

situations. The category is mainly defined by type of
building (dwelling), thermal mass category (heavy versus
light weight) and type of heating system and control. It is
expected that a more refined approach could lead only to a
marginal improvement of the accuracy, with the risk that the
parameter values then found by correlation are too much

disturbed by other second order effects.

In theory, however, the temperature drop after the setback
of the thermostat is a function of the thermal losses and
the thermal capacity of the considered building zone. The
thermal capacity is taken into account by allowing different
C._-values for the different categories of situations.

N
The losses are not taken Into account in CN'

N.B. The gains play no role, because possible overheating oj

gains is superposed separately (see e.g. equation
(12)).
The following equation can be derived:

*x .
cN a ]l - a.HL/C (=) (23)

where: C: is the overall thermal capacity of the room (J/K);
N.B. in fact only the effective capacity: that
part of the mass in which a diurnal temperature

swing can penetrate;
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a: is a proportionality constant (s); its wvalue
depends mainly on the length of the setback
interval and on the shape of the temperature
decrease (e.g. whether the nightly setpoint is
reached or the temperature |usually remains
significantly above the setpoint); a typical value
for a is e.g. o = 5000 s. ‘

The symbol C%* is used instead of C because C

N - N N
is a correction based on (8, - @ ) with
- i,set,day e
Ge the monthly mean outdoor temperature, while C*N
is a correction based on (ei,set,day - Ga) with

Ea the weighted mean ambient temperature whfch in a
multi-zone situation may be different from Ge.

So, for special cases it could be considered in the future
to try to find the best fitting a-value (equation (23)) by
correlation and to wuse instead of CN the correction
factor CN*. One should however not forget that the
values for CN " or C*N will be within the range of
0.90-1.00, so any refinement in the correction would only

have a very limited effect on the result,

4.1.3 Correction for night insulation
In case of movable night insulation applied on windows between
sunset and sunrise the thermal transmission coefficient U
in equation (17) is not a constant value for the whole period.
A good approximation of the effect on the transmission is found
by defining:
the U-value reduction factor:
UW (with night insulation)
r= (=) (24)
Uw (without night insulation)
and:
3 (0 -98)
ev.+night i,set,day e
FTEN - (=) (25)
E (ei,set,day - ee)

all hrs
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The ratio FTEN can simply be found by once going through

all hourly climate values for each month. _

The value for r depends of course on the type of window.

The wvalue for F'I‘EN can be found for dwellings for De Bilt
and other Dutch locations in the tables of section 4.4 for

ei,set,day = 2012°C; equation (25) is very insensitive for

a few degrees different O, .
i,set,day

With these two quantities the heat loss through the window can

be corrected for night insulation applied on the window between

sunset and sunrise:

SI.W(corrECtEd) = (1 - (1 - r)'FTEN)'QTlH

4.1.4 Correction for cold surfaces

In general the temperatures of the internal surfaces in a room

will deviate from the air temperature:

- by absorption of solar heat and radiative heat from internal
sources; this is to be taken intoc account by the gain
utilization factor NG’ .

- by cooling off due to transmission: particularly the window
will have an internal surface which is in a no gain situation
much colder than the indoor air; this, in turn, leads to a
radiation exchange with other surfaces in the room which will
therefore cool down too.

A heating system with heat supplied partly as radiative heat

(radiator panels, floorheating, a.s.) will compensate for these

cold surfaces.

A purely convective heating system with a thermostat which

senses some mean value of air and surface temperatures will

automaticly compensate the cold surfaces by supplying extra
heat to the air {increased air temperature).

In both cases the setpoints are more or less representative for

the temperature that is to be used in the calculation of the

heat losses.

{uncorrected) (MJ) (26)
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However, in case of a convective heating system with _a

thermostat controlling the indoor air temperature there is no

compensation for cold surfaces. With the surfaces significantly
colder than the air temperature a calculation of the heat loss
based on the air temperature setpoint would overestimate the

heat losses. Therefore a correction is introduced.

N.B. In the latter situation the thermal comfort requirements
may not have been fulfilled although the heating system is
switched off by the thermostat action.

The correction for cold surfaces in case of convective heating

and thermostatic control of air temperature amounts:

1 E A, .U,
QL {corrected) = . . QL (uncorrected) M7) (27)
t ri
where: Ae : area of heat loss giving surface (m?)
Ue : U-value of heat loss giving surface (W/m?K)
At :+ total surrounding area of the room
{(loss giving and not loss giving)
hri : radiative heat transfer coefficient at the
internal surfaces; hri = 5 W/m3K.
Values for A, U, A are to be found from the

e e t

building specifications.

4.1.5 Determination of overall specific heat loss coefficient

e e ———— e e o o o e L L e e e e S Al L e e — o ——

—_————— e e —— - —————— —

For the determination of the mean absolute overheating, d'I‘A

the wvalue for the overall specific heat loss coefficient,

H_, or the mean ambient temperature, Ga, is needed (see

Ll
equations (l&) and (15)).
Later on a procedure will be introduced to use the simplified

method in a multi-zone situation (chapter 6).
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It will then appear to be useful firstly to calculate HL

and © and wvia those to determine Q according to

a
equation (6).

Ll

HL can easily be calculated by taking equations (17)-(27)
and ignoring the temperature differences and time interval

there, so:

H = %i(l - (- r)FTEN)'Aw'UW}lw for each window lw

+ 3lagp-Uoply,
lo

for each opaque construction lo

+ 2{0.336.;]
lv

1v for each ventilation opening 1lv

(W/K) (28)

In case the special correction for cold surfaces is required

(see previous section):

1 -3 AU,
e

B, corrected A .h * B Uncorrected
t ri

{(W/K) (29)

The mean ambient temperature for the considered zone is equal
to the outdoor temperature Ee in case all heat exchange

takes place to the outside.

Often, this will not be the case, due to heat loss to the
ground floor, heat exchange with other rooms, etc.

In that case the mean ambient temperature has to be calculated

with an equation very similar to equation (28) for H but

L’
with the addition of the mean temperature in the adjacent space

and with the division by the value HL:

- 1 -
5 =, ?{(1 - (1 - r)FT ).A .U .0 } for each window 1w
a HL w EN W W e lw
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+ §° {AOP'UOP'eello for each opaque construction lo

+ % [0'336'V'§e}1v for each ventilation opening lv
lv

where: 84 ]y’ ee,lo’ ee,1v= temperature of the adjacent space (°C).

And again, if applicable, a similar special correction for ceold

surfaces should be applied on ea as presented in equation
(29) for HL.

Heat gains

4.2.1 Main equations

For each month or 4 weeks period:

the heat gains are:

Q = Q * Q (w3) (30)

with:

internal gains:

p = ®ipe.-dt (MI) (31)

where: = mean heat flow from internal sources (W)

¢int.

The value for ¢ is the assumed internal heat production.

int.

For offices with ¢4t only during 10 office hours:

Q = FWD . (10/24) . ¢ . dt (M) (3la)
I int

with FWD the ratio of working days over total number of days.

Solar heat gains through windows:

Qg = Ay-g-q (3).at () (32)
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where: g : total solar transmission factor of the window (-)

as(j) : the mean solar radiation incident on the plane

of the window (W/m3)

In case of different windows in one room the solar heat gains
should be summated, In case of a large opaque area exposed to solar
radiation, for instance a roof, sece section 4.2.3 for a correction

on Qs.

The wvalues for Aw and g are to be found in the building

specifications; in case of movable shading: see section 4.2.2,

The values for Hs(j) and dt can be derived from hourly climate
data, see for De Bilt and other Dutch locations the tables of

section 4.4.

e e e e e e e e T o S

In case of movable solar shading on windows the value g is not
constant. If we neglect the effect of shading on the U-value of the
window a good approximation of the effect on the solar gains is
found by defining:

the shading factor:

g (with shading)

z = - (-) (33)
g (without shading)

and:
2 q,(3)
trh hrs with shading active
Fq? P (y) = - (=) (34)
q,(3)
all hrs

where the superscript qtrh stands for the level of hourly incident
solar radiation which is chosen as the threshold above which the

shading is assumed to become active.
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The ratio qutrh

{j) can simply be found by once going through
all hourly climate wvalues for each month and the required
orientation.

The value for z depends of course on the type of window.

The wvalue for qutrh

(j) can be found for De Bilt and other
Dutch locations in section 4.4 for threshold levels of
gtrh = 500 W/m? and 300 W/m? incident solar radiation intensities.
With these two quantities the heat gain through the window can be
corrected for movable shading applied at hours with incident solar
radiation exceeding gqtrh (W/m?):

trh
qq

QG {(corrected) = (1 - (1 - z) . F i)y . QG (uncorrected)

(MJ) (35)

e e — e e ke e e e e e e e o e e e e e A e e T ey o = o e  ———— -

In cases of a large opaque area exposed to the sun, like a roof, a
correction might be needed for solar heat entering the room via
opaque constructions.

The correction amounts:

a_ - Ao . qs(j) . dt
Q. (corrected) = { ¥ 2 P } + QS (uncorrected)
S lo 1 1o
(—-—).n
h e
op e
(MI) (36)
where for each opaque construction:
Aop : area of opaque construction exposed to solar radiation
(m?) at orientation j;
aop : solar absorption coefficient of the exposed outdoor
surface (-);
Uop : U-value of the construction (W/m2K);
he : exterior surface heat transfer coefficient (W/m?K);
he = 23 W/m'K.
Values for A , a_ , U are te be found from the

op op op
building specifications,
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4.3 Heating requirements and simplified method

The monthly heating requirements can be determined with

QHD
equation (5) presented before:

Qp = % - "6+ %

QL’ g and QG can . be determined with the wuse of the
equations from the previous sections.
The information needed to be able to £ill in these equations can be
subdivided into three types:
-a- specifications of building, occupants' behaviour and heating
installation
-b- monthly integrated climate data
~¢c~ correlation parameters
- the utilization factor curve e (GLR)

- the thermostat setback correction CN or CNWH

For the development of the simplified method series of calculations
using the unsteady state computer model DYWON were run for various
types of building, occupants' behaviour and heating installation,
for a heating season (7 months) representative for the Netherlands.
These series were subdivided into different categories and for each
(GLR) and C_ (or . Cyyy’ Vvere

n
G N
determined by correlating the calculation results with the known

category the parameters

specifications as mentioned under -a- and the known integrated
climate date (-b-).

The monthly climate data are presented in the next section (section
4.4), the specifications of the calculation cases are presented in
5.4 - 5.7 and the results of the correlation process are given in

section 5.8,

If a specific situation fits into one of the categories for which
the correlation parameters have been determined, then the
simplified method can be used directly {(see chapter 6).

If not, a new category can be created for which the correlation
parameters could be determined in the same way as presented in

chapter 5.
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4.4 Climate data for the Netherlands

The series of wunsteady state computer calculations have been
carried out with the use of the hourly climate data from the Royal
Dutch Meteorological Ingtitute (KNMI) for location De Biltnngr the
period October 1, 1964 - April 30, 1965. This period has been used
in most studies and design calculations throughout the years as the
period with the most representétive outdoor climate for the
Netherlands.

The monthly values which are needed for the simplified calculation
have been derived from the hourly data. The results are presented
in table 1.

Table 2 presents the values integrated over 4 week periods from

October 5, 1964 - April 26, 1965 needed for offices.

Recently, "Test Reference Years" (TRY's) have been generated for a
number of countries within the CEC ([17]). These years have been
composed by selecting for each month the statistically most

representative one out of a number of years with kpown hourly

climate data. .
For the Netherlands TRY's have been generated for the locations
De Bilt (central part), Vlissingen (South West) and Eelde (North
East).

Because in recent studies the TRY is used as reference outdoor
climate the monthly integrated values have been determined for
these Test Reference Years too: table 3 for De Bilt and tables 4
and 5 for Vlissingen and Eelde respectively. Tables 6 - 8 present

the values in 4 week periods for the situation in offices.
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Table l: Climate data for De Bilt, the Netherlands.
October 1, 1964 - April 30, 1965;
monthly integrated (for dwellings).

Oct. Nov. Dec. Jan. Pabr. Mrch, Apr.
8, %) 7.9 6.3 2.4 2.7 2.1 4.3 1.7
- 2
q, (3) [(w/m )
j = south 90.7 35.2 29.4 34.1 69.9 105.2 99.6
j = north 27.4 12.0 9.3 12.4 26.1 8.0 51.7
j = east 50.5 15.1 14.1 17.0 37.8 64.6 76.6
j = west 46.3 18.1 12.0 16.5 36.5 66.3 83.5
Fdcong (33 -]
j = south 0.51 0.46 0.28 0.36 0.34 0.51 0,33
j = north 0 Q 0 0 Q 0 0
j = sast 0.19% 0 0 0 ] 0.13 0.24
j = west 0 0 0 0 0 0 0
Pq, 0, (1) (-]
j = south 0.75 0.64 0.55 0.57 0.61 0.73 0.63
j = north 1] 0 0 1] 0 0 0
j = east 0.46 0.15 0.03 0.07 0.16 0.42 0.37
j = wast 0.33 0.12 0 0.12 0.22 0.45 0.42
D EDS 30 n 31 28 3 30
dt  ([Ms] 2.7 2.6 2.7 2.7 2.4 2.7 2.6
FTEN =] 0.61 0.66 0.70 0.66 0.58 0.54 0.48

Table 2: Idem, integrated over periods of 4 weeks (for offices),

Oct. Nov. Dec. Jan. Fabr. Mrch. Apr.
Se (° ¢ 7.4 5.6 2.4 2.9 1.5 5.7 7.5
- 2
g, (1) (W@ )
horizontal 47.7 21.6 18.2 20.0 51.9 92.8 99.6
j = south 68.5 35.8 37.7 25.3 74.3 115.1 B7.4
j = north 24.5 11.8 9.9 12.3 27.4 39.5 50.5
j = east 3%.5 15.6 16.2 15.2 40.9 70.3 §8.8
j = wast 37.5 17.4 © 14.2 14.9 39.4 73.4 77.9
Fq300 (H (-1
j = south 0.47 0.47 0.37 0.14 0.47 0.57 :0.38
j = north 0 0 0 0 0 0 Q
} = east 0.23 0.14 0.10 [ 0.18 0.32 0.i8
j = wesat 0.18 0.05 0.03 0 0.22 0.40 0.29
D 30 1 k)| 29 31 30 22
dt [Ma] 2.6 2.7 2.7 2.4 2.7 2.6 1.9
FT“H [-] 0.27 0.30 0.27 0.29 0.29 0.24 0.24
F (-] 0.73 0.74 0.68 0.71 0.74 0.70 0.68
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Tables 3

Table 3: TRY location De

Table 4: TRY location Vlissingen.

Table 5:

- 5 Climate data Test Reference
in The Netherlands; monthly integrated (for

dwellings).
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Tables 6 - 8 Climate data Test Reference Years for three locatlons
in The Netherlands; integrated over periods of 4 weeks
(for offlces).

Table 6: TRY location De Bilt.

Gee . [ bme. Jan. Pebr. Hrch. Apr.

a 1 %) 1.5 £.3 3.2 i) 0.3 ' [N

1
9, (3 (wet )

horinontal &7, 1. 1.7 2.5 9.6 1.7 139.4

7
] = south 75.7 47.1 n.o 3.0 9.0 5.9 126 .4
j = north 2%.9 15.1 10.4 11.2 15.5 31.3 53.2
j = sant a1.1 21.8 2.7 16.1 17.7 471.8 e.1
3 = west 44.2 2.7 16.7 14.5 18.6 41.5 .1

Faygq (1) £-)

§ = south 0.55 0.49 .47 Q.45 0.3% 0.410 .0.13
3 = north .0 0 [} ] Q 9 ]
41 = sant 0.20 0.04 a Q.08 [ 2.13 .29
1 = west 0.20 0 a 0.03 a.0% 0.12 0.22
D 28 28 28 28 28 kL] a8
de (L] 2.4 2.4 2.4 2.4 2.4 2.4 2.4
I'l"" -] 0.25% 0.27 0.30 0.8 0.29 .28 0.27
"llD -1 a.70 a.70 0.7 a.10 Q.70 9.1 .70

Table 7: TRY location Vlissingen.

Oct. Wav . Dac. Jan. Pabr. nreh, Apr .

2 (a9 n.a2 %) 6.1 2.4 5.2 0.5 7.8

o (3 (eim }

horisental  78.4 37,0 1.6 1.2 3.0 TH.4 1307
105 sonth 91.5  82.9 1.8 44,9 48.2 @47 123.1
3 = north 3.0 166 9.8 137 126 .6 a3
j = sant s1.2  73.3 119 18.5  16.0 4589 45 :
3y = want 50.2 75.1  12.3 191 1.6 458 W0
Ply00 13 1-)
1 * south p.50  0.39  0.3F 9.51 0,44 043 0.6
Ilant H H H o lg [ 1: 0.30
, ] = sam 0.77  0.04  0.04 Q.04 . . 0.20
3 = want 0.25 0.18 o 0,03 0.09 0.15 .
D 28 8 28 20 28 1} 28
de  [Ms] 2.4 2.4 2.4 2.4 2.4 2.4 2.4
T, (-] c.29 0.20 0.3 0.2% 0,29 0.30 0.1
fop 17 0.0 0.0 ¢.70 0,70 0.70  0.70 ¢.70
Table 8: TRY location Eelde
Qar., Mov . Dec. Jan. Pabx. Arch. Apr.
a o
i 1%¢ 0.3 6.5 2.1 2.8 1.0 5.1 s
3, tn 1w
horisontal . 8.5 2.4 20.8 16.4 10.9 62.6
1 = wouth T6.8 433 35,3 20.8 15,3 8.9 :f; 3
1 = morth .0 1572 5.6 0.5 151 77.5 &35
] = st 45,1 20.6 4.0 104 210 401 @E.0
1= want 45.3 1.9 136 11.2  17.5  40.4 86.8
Plygp (13 £=) ]
3 = south 0.52 040  0.4¢  0.50  0.47 . .
3 = north o 0 H a H ] 1‘1! o Js
3} = sant .14 0.01 0 .04 003 0.8 0.77
1 = wast 0.2 0.06 [} 0 ] 0.1% 0.34
.o L] 8 ] 1] 2 28 n
dr [a] 1.4 1.4 2.4 2.4 1.4 2.4 21
Ty ) 0.27 0.27 0.28 0.2 0,39  0.28 0.27
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. SERIES OF UNSTEADY STATE CALCULATIONS TQ DERIVE THE CORRELATION

PARAMETERS

5.1 Introduction

Series of parameter studies using the unsteady state computermodel
DYWON were carried out to find for different categories of
situations the correlation parameters CN (offices: CNWH)
for the thermostat setback correction and the relation between the
gain utilization factor nG and the gain loss ratio GLR. If the
CN (or CNWH) factor and the nG function are known for a
certain category then for any situation which fits into that
category the monthly heating requirements can be easily calculated
using equation (5): QHD = QL - nG'QG’ with the

equations of sections 4.1 and 4.2 to determine QL and Qg'

5.2 Distinction into categories of situations

As discussed before {4.1.2 and 4.3) the correlation parameter

CN {(or CNWH) and the function NG (GLR) will depend on a

few typical characteristics of building, heating installation and

occupants:

- building : type of use (dwelling, office, ....);
thermal mass (heavy weight, light weight);

- installation : e.g. convective heating or radiator

heating;

~ occupants' behaviour: yes/no {(night) setback of thermostat;
criterium for the use of solar shading;
criterium for the use of night insulation;
criterium for extra ventilation in case of

overheating.

5.3 The unsteady state model DYWON

The computer programme DYWON, developed by TNO Institute of Applied
Physics, Delft, for the unsteady state simulation of the energy
consumption for heating of buildings is specifically suited for the

often complicated situation of dwellings.
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The dwelling can be divided into a number of rooms, with the
possibility to exchange heat between the rooms by transmission and
ventilation.

The thermal conduct of the wall elements is simulated by means of a
finite difference method (RC-network). For each room a number of
such constructive elements can be introduced, with for each element
a menu of possibilities with respect to type (e.g. groundfloor,
window, separation wall, etc.) and level of complexity for
calculation (e.g. single layer, ventilated multi-layer system, with
movable insulation, etc.).

For the radiation exchange between the constructions the programme
is provided with a simple approximation in which the surfaces are
assumed being part of complex geometries. If needed, (more) exact
view factors can be used as inpui data or separately calculated,
With the known view factors, the radiation exchange factors are
calculated; in case of e.g. movable blinds this calculation is
repeated when the surface properties are changed.

The convective and radiative heat transfer coefficients are
considered temperature dependent.

The heating installation consists of boliler-unit coupled with
radiators or convectors and/or separate heating units. The required
temperature level is determined by given values for local and/or
central thermostats or manually operated controls.

The various boundary conditions by occupants' behaviour can be
specified as 24 hours patterns of hourly values. This is the case
for

- natural ventilation (option: windspeed dependent);

mechanical ventilation (option: pre-heated);

- internal heat loads (convective, radiative);

- set point of thermostatic valve per radiator/convector;

- room thermostat;

- window treatments: use of night insulation and/or solar shading

(option: solar intensity dependent).

The calculation procedure can be done on an hourly basis or in

shorter time steps if desired.
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The thermal balance for the room air is found by an iteration
process in which the heating -installation pléys an important role:
depending on the type of control, the heat supply to the (central)
heating system and/or the (e.g. water) flows through the ornaments
are adapted iteratively until a weighted mean of air and radiant
temperature corresponds to the set-point of the thermostat
involved. In case of no heat supply the system or individual
ornaments (e.g. closed radiators) will gradually give off the heat
accumulated in the (part of the) system.

If the option of shorter time steps is chosen the iteration can be
replaced by a straight forward calculation in which for each short
time step the heating system and/or the ornaments are switched on

and -off.

The heat flows for each constructive element are calculated
directly by matrix-inversion.

This calculation process has the advantage over e.g. a response
method, that it allows all kind of changes in the room network
during calculation, 1like temperature dependent coefficients or
movable shadings, curtains, a.s., without practical limitations.
Moreover, all temperatures and heat flows at each node are in
principle gécessible for analysis. The disadvantage is the higher
computer time per calculation; the computer time can however be
restrictea by exploiting the flexibility of DYWON, by a.o.
appropri;te choice in number of constructions and their complexity
level,'

Results from comparisons with other unsteady state computer models
can be found in the report IEA Annex III, Subtask A [18] and the
reﬁort on step & of this Annex XII [2].

5.4 Calculation series

The calculations can be divided into three categories, each
category containing calculation cases belonging to different sub-

categories of situations as mentioned under 5.2.
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Category —a- concerns a large serie of calculations on dwellings.
These series were focussed on the influence of windows. To this
extend calculations were performed with 17 different combinations
of glazing, solar shading and night insulation, Also other
characteristics were varied, to detect phe window's influence under
widely varying indoor conditions.

In fact this series of calculations was carried out within the
framework of a previous national study. However, in that study the
annual heat demand values were used to derive a correlation based
simplified method, valid for the Netherlands only, (see [13], [19],
[20], [21]; here we used the also available monthly results).

Category -b- concerns a shorter series of calculations which

consists of variations around a reference case calculation used for
the comparison of computermodels within step 4 of the project [2].
The reference case concerns a highly insulated room. In contrast
with the reference case, these calculations were carried out with a
radiator heating system instead of convective heating and with the
De Bilt climate instead of Geneva.

Varied were window type, size and orientation, the control of the
heating system and the mass of the room.

Category -c- concerns again a larger series of calculations on

typical office rooms. These calculations, as category -a-, were
performed within the framework of a previous national study
([14]). In this study a correlation based simplified method was
derived on a seasonal basis, valid for the Netherlands only. Again,
here we used the still available monthly results. This series of
calculations was not focussed on the influence of windows.
Nevertheless, apart from a high number of wvariations in the other
characteristics, also window size, ¢type and orientation were

varied.
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5.5 Catepory dwellings —a-

Main characteristics:

Dwellings (both single family and appartment).

- Convective heating system.

-~ Thermostat controlled by air temperature.

- If present, shadings down when incident solar radiation exceeds
300 W/m? on the window.

- No increased ventilation in case of overheating.

- Night insulation present between sun set and sun rise,

a-1l: - Masonry type (heavy weight),
- Night set back;

a-2: - Masonry type,
- Continuous heating;

a-3: - Wooden frame type (light weight),
- Night set back;

a-4: - Wooden frame type (light weight),

- Continuous heating.

Calculation cases:

ke e ———

The characteristics of the 17 different window combinations can be
found in table 9.

Table !0 shows a survey of all calculation cases with the
description of the characteristics which were varied.

In appendix 2 a table can be found with all the steady state
characteristics which were required for the calculation of the heat

loss QL and heat gain QG.
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Table 9. Characteristics*) of the 17 different window combinations
used in category -a-

Description Thermal Solar |r-value|z-value
transmit-|factorjnight shading
tance insul,

Type [Glazing |[Solar Night U(W/m?K) | g{(-) r{-) z{-)
shading |insulation
1 single none none 5.9 0.80 1 1
clear
2 as 1 internal |none 5.9 0.80 1 0.58
blinds .
light
colour
3 as 1 as 2 internal 5.9 0.80 0.75 0.58
blinds,
slats
closed
4 as 1 internal|internal 5.9 0.80 0.61 0.59
blinds blinds,
black/ black/re~-
reflect,|flect.,
slats clo-
sed
5 as 1 none well closed 5.9 0.80 0.64 1
curtain
6 as 1 none well closed 5.9 0.80 0.41 1
curtain,
Al.—cogted
7 as 1 as 4 blinds as 4 5.9 0.80 0.47 0.59
curtain as
6 but not
well closed
8 as 1 as &4 as 7 3.6 0.71 0.58 0.70
with
low E
coating
9 as 1 as &4 as 4, but 5.9 0.80 0.44 0.59
with insu- .
lated slats
10 double none none 3.2 0.70 1 1
clear
11 as 10 as 2 none 3.2 0.70 1 0.69
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Table 9. continued.

Description Thermal Solar ‘|r-value|z-value
transmit-|factor|night shading
tance insul.

Type |Glazing |[Solar Night U(wW/m?K) | g(-) | (=) z(-)
shading |insulation
12- {as 10 as 4 as 6 3.2 0.70 0.63 0.70
-13 as 1O none none 1.8 0.66 1 1
with
low E
14 triple none none 2.2 0.57 1 1
: clear
15 as 14 as & as 4 2.2 0.57 0.82 0.81
16 as 10 as 9 as 9 3.2 0.70 0.59 0.67
17 as 10 none external 3.2 0.70 0.66 1
roller
blinds,
insulated

*) the presented thermal and solar properties are typical values for
the indicated type; the values will in general differ from product

to product, depending on the actual specifications.
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Table 10. Survey of the calculation cases category —a-

Cate-
gory

Description

Window combination

Identifi~

12345

678910 11 12 13

14 15 16 17

caticn

a-1

-base case, dwelling
in appartm. bld.
-variants: orienta—
tion NS = E-W

-Iinternal heat
evening doubled
-internal heat
increased all hrs.
-no internal heat
~infiltration
tripled
-base case, house
in a row
-variant: internal
heat halvened
-25% window area
mwved N=> S
—idem and infil-
tration halvened

XXXXX|XXXX

X X X X

g

g

—appartment,
variants: conti-
ruous heating 21°C
-idem at 15°C
-house in a row,
variants: conti-
mious heating 20°C
—idem at 15°C
—contimuous heating
20°C, infiltration
halvened and 25%
window moved N~ S
—-idem, but conti-
muous heating

at 15°C

Wo+ V- T+

W+ V- T-

—appartment,
variants: building
mass decreased
to 10%

-house in a row
variants: building
mass decreased
to 102
-idem, plus infil-
tration halvened
and 25% window
moved N— S

WG+ V- M-
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Table |

0. continued.

Cate-
gory

Description

Window canbination

Identifi-

12345|678091l01l1 1213

14 15 16 17

cation

a4

—appartment,
variants: bld. mass
decreased to 107
ard cont. heating
at 21°C

-~bld. mass decreased
to 107 and cont.
heating at 15°C
=house In a row,
variants: bld. mass
decreased to 10%,
infiltr. halvened,
25 window mowed
N> S, cont.
heating at 20°C
~idem, but heating
at 15°C

M- T+

M- T-

Wo+V-M-T+

WGH+V-M4-T-

5.6 Category dwellings -b-

Main characteristics:

- Dwellings (individual rocoms considered).

1

500 W/m? on the window.

Radiator heating (radiators underneath window).

Thermostat controlled by comfort temperature.

- Increased ventilation in case of overheating.

Subcategories:

: — Heavy mass,

- Night set back;

b-2: - Heavy mass,

~ Continuous heating;

b-~3: - Light weight

mass,

- Night set back;
b-4: - Light weight

mass,

- Continuous heating.

If present, shadings down when incident solar radiation exceeds
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Calculation cases:

Table 1l shows a survey of the calculation cases. Only the window

size, type and orientation were varled.

More details can be found in appendix 2.

Table l1. Survey of the calculation cases in category -b-

Cate—|Building Heating Windowk Identi-
gory |[type regulation - fication
H= heavyw. |C= continuous Type Size Orienta- |code
mass N= night set of in T of |tation
L= lightw. back glazing floor- |N= North
mass. area S= South

b-1 H N single 20 N HNN 21
clear

H N single 20 s HSN 21
clear

H N double 10 S HSN 12
clear

H N double 20 S HSN 22
clear

H N double 30 S HSN 32
clear

H N triple 20 ] HSN 25
with
low E

H N triple 20 N HNN 25
with
low E

b-2 H C double 20 S HSC 22
clear

b-3 L N single 20 S LSN 21
clear

L N triple 20 S LSN 24
clear

L N triple 20 S LSN 25
with
low E

* All with internal blinds down at hours with incident radiation

2 500 W/m?.
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5.7 Category offices -c-

Main characteristics:

- Office rooms, not mechanically cooled.

- Convective heating system.

- Thermostat controlled by air temperature.

- If present, shadings down when incident solar radiation exceeds
300 W/m? on the window, excluding on weekend days.

- No increased ventilation in case ©of overheating.

- Thermostat set back outside office hours and during weekends.

c-1: Heavy weight;
¢-3: Light weight;
¢-5: Extra heavy weight.

Calculation cases:

—— e

The office room is a conventional, moderately insulated office

module.

In appendix 2 and in reference [14] more detailed information can

be found.

The main types of variations were:

- window area, type {single/double, shading) and orientation;

~ mechanical ventilation and infiltration;

- transmission;

- internal gains.

The total number of calculations was 82. A few cases have been
deleted here, because they were irrealistic and therefore diffipult
to fit into the categories; this concerned cases with extremely
high window area in an office room at the corner of a building.

Table 12 showsa which characteristics were varied and how.
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Table 12. Survey

category offices -c-

Orientation
of the fagade

for room at center of building fagade:
N = North

0 = East

Z = South

W = West

for room at corner of building fagade:
combinations: NO, ZO, ON, OZ.

Glass area

= 30%Z of internally measured fagade area
= 55%
= 15%

W N -

Window type

= single glazing, internal blinds
= single glazing, external blinds
= double glazing, internal blinds
= double glazing, external blinds
blinds down during office hours at

qg > 300 w/m2.

oW B -

Lighting 0= 0 W/m?
1l = 15 W/m?
2 = 30 W/m?
Special cases L = building mass = 0.1 x original mass
H = building mass = 3.0 x original mass
D = room under roof
Vv = infiltration and mechanical ventilation

increased with factor 3

VC = infiltration constantly 240 m?/h,
mechanical ventilation 0 m?/h

VN = infiltration increased with factor 3

see appendix 2

The symbols refer to the codes used to identify each case;

of the varied characteristics in the calculations of



TPD

nummer 713,003 blad - 44 -

5.8 Results

For each category of situations the monthly heat demand values,
QHD’ obtained by the unsteady state calculations are
compared with the total amounts of gain QG and losses
QL
According equations (5) and (7) the correlation can be carried

against GLR, for

y, Which are determined with the equations from chapter 4.

out on nG nG is simply "G -
(QL - QHD)/QG and GLR 1is, alsc by definition, equal
to QG/QL. Each month of each calculation case yields a

peint n GLR; the best fit curve through these points

G’
leads to a nG(GLR) curve like the curve presented in
figure 6 (section 3.3).

There are, however, two complications:

for small wvalues of QG (e.g. months with 1little solar
radiation) the wvalue of QHD will be almost equal to the
value of QL. In the determination of g (see above) the
small difference between QHD and QL will be divided by
the small wvalue for QG. The effect is that minor deviations
in QL or QHD will be blown up in nG.
For example, if GLR = 0,10 it is expected that g = 1.0,
which means that QHD/QG = 9.0
ng = (Q - Qup)/Q
= Q/Q - Qp/Q
=10.0 - 9.0 = 1.0
If, by second or third order effects, QHD/QG
deviates only one percent from the value 9.0, then nG
deviates 10 percent from the expected value 1.0.
One will observe this effect in the figures of the next

sections.

A better basis for finding a best fit curve is by taking the

relation between the relative overheating clTR and GLR:
for each month of each calculation case t;@ value of dTR is
determined with the help of equation (13): dTR = (QG +
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Now, a deviation in QHD in case of small QG will appear
in dTR in a realistic way.
Only in case QHD is small, then a large relative error in

QHD (though small in absolute terms) will change into a

small relative error in dTR'

For example, if GLR = 0.90 and QHD/QL = 0.19 dTR
= 1.09;
a deviation of 10 percent in QHD leads to a deviation
of less than 2 percent in dTR' .
However, this is exactly the tendency which one would like to
see: a small absolute error in
relative terms when Q

Qup+ though large in
HD is small, will appear as a small
error in dTR.

The e (GLR) curve can be derived easily from the relation
between dTR and GLR (see equation (12)).

Complication 2, QL and the parameter for thermostat setback

The parameter for thermostat setback, C (or C for
offices) has yet to be determined.

However, the value for CN (or CNWH) is already needed
in QL' Therefore, the full procedure is as follows: a whole
range of possible C (or C ) wvalues 1is scanned; for

N NWH
each value of C (C ) the points dT GLR are

: N NWH R’
determined and the best fit curve dTR as function of GLR is
calculated. The CN—value which yields the best £fit curve
with the least root mean square deviation is selected as the

"true" value.

5.8.2 Selected function to describe the utilization curve

Figures 7 and 8 show the shapes of the expected curves for
"G (GLR) and dTR {GLR) respectively:
I low GLR:
the utilization of pgains is 100 percent in case of low
gains compared to the losses: ng = 1;
there is no overheating : dTR = ],
IITI high GLR:
the gains are (much) larger than the losses; the heat
demand is zero;
from the equation (5) it follows: O = QL -ng - QG'

80 = ]/GLR;

e
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II

Figure

and with equation (12) (dTR = 1 + (1 - nG)GLR)
dTR = GLR.

intermediate zone:

in the ideal situation all gains are utilized 100 percent
until the gains exceed the losses (GLR 2 1); from that
point the heat demand is zero: so there is no intermediate
zone. In a real situation however, the utilization factor
will decrease gradually, see figure 7. The relative

overheating will gradually rise, see figure 8.

I1 I11

0 1 2 (-} 3
meape GLR
7. The gain wutilization factor ng as function of the
gain loss ratio GLR
I11
1
2 I.q_.--——
-+
1 P
aT real »*
R - .
L ——c
¢ 1 1 1 1 . ~
0 1 2 (-
g GLR

Figure 8. The relative overheating dT_ as function of the gain

R
loss ratio GLR




TPD ' nummer 712.003 blad - 47 -

An appropriate function has to be chosen to describe the

utilization curve in the second zone in mathematical terms. The

function should meet the following demands:

The function should:

- be continuous;

- not show abrupt changes at the transition point between zone
I and II (first derivative should be continuous);

- not be too complex;

- be sufficiently flexible to cover a wide range of possible
curve shapes;

- yield a good fit through the points.

A few possible functions will be discussed:

a. n; = a - b.GLR : (37a)
dTR =1+ (l - a).GLR + b.GLR? (37b)
. See figures 9 and 10.

The Ng (GLR) curve is a straight line; for most categories

this appeared to lead to unsatisfactory results.

b. g = b+ (1l - a)/GLR (38a)
dTR =a+ (1l - b).GLR (38b)

This type of function was used in the seasonal simplified

methods developed at the TPD (see [13], [14], [15], [16]):

QHD = a.Qout - b.Qin; a and b were derived from
the best fit straight line through the points representing
the seasonal dTR as function of Qin/Qout'
Qin is identical with - Qg' Qout is slightly

different from QL.
However, figure 9 clearly shows that the monthly utilization
factor is not represented satisfactory with a curve according
to this function, because of the abrupt change from the wvalue

r|G==l.
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1.0
(-)
Te =
0 1 1. I 1 I J
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Figure 9. Illustration of the effect of the choice of mathematical
function for the utilization curve.
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Figure 10. Illustration of the effect of the choice of mathematical

function for the relative overheating curve.
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¢. ng = a/GLR + b + ¢.GLR (39a)
dTR =(1l - a) + (1 - b).GLR - ¢.GLR? (39b)

See figures 9 and 10.

The change from nG =1 to Ng < | appeared too abrupt.

_ By + Py . GLRP3

G | +p, . cRE3

d, n (40)

This type of function is used by Barakat to get best fit curves
for similar kinds of utilization factor versus gain loss ratio
curves. See [9], [10]. In [9] and [10] it is shown that this
type of function leads to very satisfactory curves. However,
the function is rather complex; it is in general not possible
to understand the kind of difference between two utilization

curves from a comparison of the respective parameter values.

-1/GLR
e

e. =1 -

g

(dTp = 1 + GLR.e-IIGLR) (41)

This type of function can be found in an annex to a recent IS0
draft proposal [7]. See figures 9 and 10. The function is
simple and clear; however, in this form it leaves no room to
distinguish between different categories. Therefore, in [8] it

is proposed to add a parameter K:

e—K/GLR

(dTR =1 + GLR.e_K/GLR)

f£.ng=1- (42)

The function is however still not flexible enough. Therefore,
for the analysis of the results of this study a similar
function was tried, with a second parameter D:

_ e—K/(GLR—D) (43a)

-K/(GLR-D)

dTR = ] + GLR.e (43b)
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See figures 9 and 10.

This function appeared to be a quite satisfactory compromise
with respect to the requirements mentioned before. Therefore
the correlations were carried out with this function and thus
the parameter values K and D were derived for each category of

situations.

5.8.3 Results

In table 13 the results of the correlation procedure are
presented: for each of the categories the value for the
thermostat setback correction CN (offices CNWH) and the
parameters for the utilization curve, K and D.

For the category -c-, offices, it appeared necessary to apply
the correction for cold surfaces, introduction section 4.1.4.
Again for offices a value Cyyy = 1 for the thermostat setback
correction has been used as a basis for the correlation
procedure; no attempts have been made to optimize the Gyyy-
value.

A graphical presentation is given in the figures 11-20. Each of
the figures gives for a certain category the following curves:

a. the monthly gain utilization factor, as function of

HG:
gain loss ratio GLR;

b. the monthly relative overheating, dT as function of

R’
gain loss ratio GLR;

¢. the monthly heat demand, Q - divided by the heat loss QL

v
to get a dimensionless nigler - as function of gain loss
ratio GLR;

d. the annual heat demand as a summation of monthly heat
demands calculated with the simplified method, compared to
the annual heat demand calculated with the unsteady state
computermodel DYWON. In the figures the standard deviation
is presented as an indicator for the mean deviation.

Unit: Mwh.
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Table

13. The results

of

the

correlation procedure

categories of situations.

for

Category —-a—:
* dwellings
* convective heating

* threshold for solar shading:

incident rad. 300 W/m?

* thermostat controlled * no increased ventilation
by air temp. in case of overheating

Subcategories: CN ' K D

a~l. - masonry type 0.91 1.36 0.29
- night setback

a-2. - masonry type 0.97 1.35 0.27
- continuous heating

a-3. - wooden frame type 0.88 1,22 0.13
- night setback

a-4. - wooden frame type 0.97 1.19 0.00
- continuous heating

Category -b-: -

% dwellings *

* radiator heating

threshold for sclar shading:

incident rad. 500 W/m?

* thermostat controlled * increased ventilation in
by comfort temp. case of overheating
Subcategories: CN K D
b-1. - heavy mass 0.90 1.19 0.45
- night setback
b-2. - heavy mass 1.00 1.70 0.02
- continuous heating
b-3 =~ lightweight mass 0.92 1.10 0.37
- night setback
Category —-c-:
* offices (not mechanically * threshold for solar shading:
cooled) 300 W/m? (only office hours)
* convective heating * no increased ventilation in
* thermostat controlled by case of overheating
air temp.
Subcategories: CNWH K D
c~1. - heavy weight 1.0 1.55 - 0.16
c-3. - light weight 1.0 1.14 - 0.05
c-5. - extra heavy weight 1.0 1.64 - 0.16

each

of
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5.9 Discussion

From the figures 11-20 the following general conclusions can be

drawn:

distinction between categories:

the distinction in categories appears to be well chosen: each

category is represented by a distinct set of parameters C K

NI
and D, resulting in utilization factor and relative overheating

curves which are typical for that category;

the agreement between the summation of monthly heat demands
calculated with the simplified method and the annual heat demand
from the original DYWON unsteady state calculations is good, as the
figures 11d-20d show. Both the individual deviations and the

standard deviation are asmall.

the scatter of the points in the presentation of the monthly
results indicate that despite a good agreement on an annual basis,
the discrepancies on a monthly basis are not negligible.
Firstly, however, one should realize, that the deviation in nG
in the low GLR range may be large, but their influence on the heat
demand is small, because the gain itself is small; as already
pointed ocut in section 5.8.1 the dTR (GLR) function shows the
scatter around the curves in a better proportion.
Possible causes for the scatter are:
- some "carry-over" effect between the months: heat accumulated in
one month and utilized in the next month;
- second order effects in the unsteady state calculations, like:
* U-values and solar 'transmittance factors are temperature
dependent; in the simplified method a fixed wvalue is uséd;
* bandwidth of 0.5 K in thermostat control in case of radiator
heating;
* distinct temperatures for indoor air and surface temperature of
each construction, s0 the various heat loss terms have

different indoor temperatures;
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® hourly patterns of e.g. internal heat gains, which may have a
different effect for different cases.
- simplifications in the equations of he simplified method, like:
° the correcéion factor for thermostat setback (see discussion in
section 4.1;25;
the change in the window's U-value in case of solar shading is
neglected for simplicity reasons.

From the scatter in the figures llc-20c it can be concluded that

the inaccuracies in monthly heat demands are in general 5. percent

or less of the heat loss. This means that in case of a small heat
demand, in case of high amouﬁt of gains, the relative error in the
heat demand can be much larger. One should however realize that the
result of any method to predict the heat demand would be subject to
percentually large uncertainties: the heat demand is a small
difference between two large numbers. The absolute error will be
small. | 1

Therefore, an error in monthly QHD of 5 percent of the value of

Q

L is quite satisfactory.

A comparison of the results for the various categories leads to the

following observations:

effect of building mass:

a higher building mass leads to a higher utilization factor,
particularly in case of continuous heating (category a-2 versus
a-4). In case of thermostat setback the positive effect of a better
accumulation of solar energy is combined with the negative effect
of a less effective setback; the heavy weight building cools off
less quickly, but loses more heat during the night.

A comparison of categories c¢-3 and c-5 shows, that adding extra
mass into an already heavy weight building does not have a

significant influence.

particularly in case of a heaﬁy weight building, the utilization
factor is for offices much lower than for dwellings: the =sclar heat
~accumulated during daytime cannot be utilized during the evenings

because of the thermostat setback during non-working hours.
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effect of thermostat setback:

it is difficult to read from the presented curves the effect of the
thermostat setback on the utilization factor; this is due to the

fact that the thermostat setback influences, via Q the

s
position on the GLR-axis. -
The wvalues in table 13 for CN for the categories with night
setback compared with the values with continuous heating show the
influence on the heat 1losses: the heat loss is 6-10%2 lower,
depending on building mass and type of heating installation.

One” would expect for continuous heating a value CN - 1;
however, for the categories a-2 and b-4 the best fit was reached
for slightly lower values, probably compensating for other, second
order, effects.

For offices, the “value CNwH = 1 has been used as a basis for
the correlation procedure; no attempts have been made to optimize

the CNWH-value.

in case of night setback the utilization factor is higher for the
category =-b- (radiator heating) than for the category -a-
(convective heating); in case of continuous heating the situation
is reversed. The differences are, however, only significant for the

light weight mass situationg (b-3 versus a-3).
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APPLICATION OF THE SIMPLIFIED METHOD

6.1 Single zone situation

~If a specific situation fits into one of the categories for which
the <correlation parameters have been derived (CN or CNWH’
for the thermostat setback, and K and D for the utilization factor
curve), then the simplified method can directly be applied to
calculate the monthly heating requirements.

To this extend the specifications of the building, occupants'
behaviour and type of heating installation and control are to be
used as well as the monthly integrated climate data (e.g. from the
tables in section 4.4) in the equations of sections 4.1 and 4.2.
This leads to monthly values of the total heat loss in a no gain

situation, Q and the total heat gain, QG.

wp %L T "%
and the relation between the utilization factor g and the gain

L!
With equation (5): Q

loss ratio GLR = QG/QL the monthly heating requirements
Q

up 2re easily determined.
The derivation of the correlation parameters was hased on series of
calculations with the unsteady state model DYWON. DYWON has the
capability to deal with situations in which different zones (rooms
or other spaces), with different conditions have an interaction by
exchange of ventilation or transmission heat flows.

Nevertheless, all calculations have been carried out with single
zone situations, with only heat exchange between the considered
zone and the outdoor environment. Whereever relevant, also heat
losses to the ground via the groundfloor were taken into accouﬁt;
also accumulation of heat into walls, floor or ceiling separating
the zone from identical zones was taken into account, but on a
monthly basis the integrated heat flows through these zone

boundaries are negligible.
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Real multizone situations would have made it unnecessarily
complicated to determine the correlation parameters: complicated,
because the interaction between the conditions in the different
zones would disturb the correlation process severely (the variables
are not independent); unnecessarily complicated, because there is
no principle difference between a single and a multi-zone
situation.

The next section describes how to use the simplified method in a
multi-zone situation.

In chapter 7 results of the application of the method in a
multi~-zone situation are presented and compared with multi-zone

DYWON runs carried out on the same cases.

Final remark:

The correlation parameters have been derived for different
categories of situations, some of these with a large variety of
widely different cases. All calculations, however, have been
carried out for the Dutch climate,.

Nevertheless, there is no reason to expect that application for
other climatic conditions would lead to significantly different
g {GLR) curves. This confidence is based on the fact that each
calculation case of the previous chapter consisted of seven monthly
results with quite a spread in weather conditions. A different
climate just means a different position on the GLR-axis.

Of course, one should be cautious in extrapolating te conditions

which differ basicly from those assumed in the calculations.

6.2 Multi-zone situation: the TPD Correlation based Multi-zone

calculation methed TCM-heat

In principle the set up of the heat balance for a particular zone
in a multi-zone situation is not different from the set up in a
single zone situation. The heat losses by transmission and/or
ventilation to other indoor spaces are an inseparable part of the
sum of all transmission and ventilation heat losses of the
considered zone. The term Se in the equations of section 4.1 is

the temperature of the adjacént space.
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If the temperature of the adjacent space is higher than the
temperature of the considered room the particular heat loss term is
negative. It would, however, be wrong to consider such negative
losses as part of the heat gains tc the considered rcom: the heat
loss terms, either "positive™ or ‘"negative", are a 1lineair
function of the temperature difference; the internal and solar
gains are independent of the temperature difference, as shown in

the equations of sections 4.1 and 4.2.

NB: actually, it would have ©been more correct (but less

transparant) to use the terms autonomous hgat flows {gains) versus

temperature dependent heat flows (+ losses).

The only. practical difficulty is, that in a multi-zone situation
the temperature ge of the adjacent zones may not be known
beforehand, but have to be calculated by applying the simplified
method to those zones toc. Due to the interaction between the zones
aﬁ iterative procedure is needed to solve the heat balances for all
zones.

The following broceduré leads to the desired results:

1. For each heated zone the most appropriate curve g {GLR)
and setback correction CN— or CNWH—values are selected
(for example from table 13). Calculate the mean minimum
temperature (see section &4.1.1 and 4.1.2). As a first
approximation it is assumed that Si’real = gi,min'

2. For each of all zones the sum of solar and internal gains
QG are calculated (see section &4.2) and the overall
specific heat loss coefficient per degree K temperature
difference, HL (see section 4.1.5).

3. For each of all zones the weighted mean ambient temperature,
Ba is calculated (see section 4.1.5).

4, For each heated zone the minimum heat losses QL can now be

calculated simply with equation (&4):

QL - HL'(ei,min - ea)dt
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As a next step the value for GLR can be determined and the
utilization factor, g from the selected curve. Equation
(10) 1introducing the relative overheating dT_ can be used

R
in this stage to calculate the real mean zone temperature,

ei,reaI:

=0+ dTp. (9 0.) (°C) (44)

e1,rea1 i,min = "a

with d'I‘R determined according to equation (12).
For each unheated zone the real mean zone temperature can
easily be derived from the heat balance equation (3), with zero

heat demand, and equation (&) for the heat loss QL,realz

0=H.(6

L i,real ea)dt N QG ()

So: ei,real = (QG + HL'dt'ea)/HL'dt (°C) (45)
The temperatures according to equations (44) and (45) are the

newly approximated temperatures which are only wvalid if the

assumed mean ambient temperatures are valid. So:

Repeat the procedure starting from 2, using as Be in case

of adjacent zone the newly approximated temperature for that
zone.This jiteration can be stopped if the newly approximated
temperatures are not different from the temperatures used at
the start of the last iteration step.

For the heated =zones the heat demand can be determined with
equation (3).

The procedure can be repeated for the next month or 4 weeks

period. The procedure of this TPD Correlation based Multi-zone

calculation method which has received the name TCM-heat has

been illustrated with a flow-chart in figure 21.

Although it is basicly a hand calculation method the procedure
as shown in figure 21 can only be carried out by hand in case
of single zone situations, or multi-zone situations with a
minimum of interactions between the zones.

In general, a computerized version of the procedure will be
required. A Fortran-version of TCM-heat has been written in
order to be able to carry out the calculations with TCHM-heat

which are presented in the next two chapters.
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The listing of the programme is given in appendix 3. The main
data sets presented in the previous chapters, like the monthly
climate data, varioqs window types and the correlation
parameters for the different categories have been adopted in

the programme.
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VERIFICATION OF THE STMPLIFIED METHOD TCM-HEAT IN A MULTI-ZONE
CALCULATION AGAINST DYWON

7.1 Introduction

The developed simplified method TCM-heat could be validated against
measured energy consumption in a real building. However, it would
require an extreme effort to measure sufficient quantities in order
to be able to compare the measured and calculated results and to
evaluate possible discrepancies.

Instead of a comparison with measurements TCM-heat has been
compared with the result of an hour by hour computercalculation in
a complicated multi-zone situation, using the computer programmé
DYWON which also was used to develop the simplified method.

For a description of DYWON: see section 5.3.

Of course, with this approach possible deviations of DYWON results
from a real situation remain undetected. Nevertheless, a
verification in a complicated multi-zone situation will reveal the
sensitivity of the results for the simplifications and

approximations'in the simplified method.

7.2 Description of the selected calculation cases

For the comparison a situation has been selected which has a

maximum of possibilities for the simplified method to fail:

- dwelling subdivided into 5 zones (living room, kitchen, bedrooms
North and South and attic);

- highly insulated heavy mass house in a row (with relatively large
mutuel influences between the zones); see figure 22;

- radiator heating system with thermostatic valves on the radiators
and a room thermostat in the living room controlling the burner;

- radiators placed in front of the fagades underneath the windows;

- thermostat night set back on all thermostats;

— indoor wvenetian blinds on the windows, used during hours with
incident insolation exceeding 500 W/m?;

- curtains on all windows closed between sunset and sunrise;

- increased ventilation at mean dwelling temperature above 26°C;

- unheated attic;
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- two variations: case A: unheated bedrooms;
case B: heated bedrooms;
- daily internal heat patterns different per zone;
- ventilation exchange between zones, -
The geometrical data have been based on one of the Dutch "“DHV-
reference dwellings" for newly built dwellings ([22]), with some
minor modifications. For the calculation the dwelling has been
divided into 5 zones:
- living room, with a large South and a smaller North window;
- kitchen, North fagade;
- bedroom, South fagade (in fact two South bedrooms combined);
- bedroom, North fagade (in fact one bedroom plus ‘“bathroom
combined); '
- attic, unheated, without window.

The main characteristics can be found in table l4.

7.3 Results of the DYWON unsteady state calculations

The monthly results of the hour by hour calculation with DYWON are
shown in the figures together with the results of the simplified
method TCM-heat. As an illustration of the. unsteady state behaviour
hourly results are shown in figures 23 and 24 for a (cloudy) day in
autumn. Figure 23 shows the hourly heat supplied by the radiators
in living room (a) and the bedrooms (b and c) and the energy

consumed by the boiler (d). The 1living room temperature is

regulated by a room thermostat controlling the boller; the kitchen

and bedrooms have thermostatic valves on the radiators. The figure
clearly shows, for instance, how the radiators still give off heat
while the boiler is already switched off (at 9.00 and 23.00
o'clock).

Figure 24 shows the various indoor temperatures, in comparison with
the thermostat settings. The presented temperatures are the average
values between air and mean surfaces (including the radiators) of

the zone.
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Table l4, Main characteristics of the selected calculation cases.

Main geometry:

Room Floor area (m3?) Window area (m?*)
‘ South North
Living room 40.20 5.50 3.00
Kitchen 7.80 - 2.50
Bedroom S. 22.62 3.50 -
Bedroom N, 22.62 - 3.50
Attic 45.24 - -

Typical U-values (W/m*K)
Window = 2,90

Ground flocr: underneath insulated
floor:

Wall = 0.40 parallel conductances of 0.12 W/m?K
Roof = 0,20 to groundwater (10°C) and 0.50 W/m?K
to monthly averaged outdoor tempera-
ture.
Main occupants' |thermostat internal |ventilation
data: setpoints (°C) heat m3/hour
kWh/24hr.
from from
outside |other
day evening |night zoneg
Living room 18.50 | 20.00 14,50 5.54 31 0
Kitchen 18.50 20.00 14.50 5.04 14 47
Bedroom S. 18.00*%| 18.00% [12.00% 1.12 23 21
Bedroom N, 18.00%| 18.00% |12,00% 0.56 19 0
Attic - - - 0.00 39 0

* case B only

Temperatures:

thermostat setpoints:
room thermostat :

radlator valves H

hysteresis 0.5 K;

senses 60X air temperature and

40X mean surface temperature

{including radiators);

70 and 30X respectively;

comfort temperature defined as 60% air, 407 mean
surface temperature (included
radiators).

Climate: De Bilt, QOctober 1964 - April 1965
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The course of the temperatures also illustrates - even for such

cloudy day -~ the unsteady state character. The peak temperature in- -

the kitchen between 17.00 and 19.00 hour is, for instance, caused
by the increased internal heat gains assumed during these hours for
that =zone. Also it is clearly to see how slowly the indoor

temperatures drop during the night setback period.

7.4 Results obtained with the simplified method TCH-heat

A calculation has been carried out with TCM-heat, for all 7 months,
for both cases A and B. The category for the night setback
correction and for the

table 13).

g (GLR) curve is category b-1 (see

The results are presented in the figures 25-28, together with the
monthly results of the DYWON,

In the next section the differences between the -resuits with
TCM-heat and DYWON will be discussed. Figure 25b, however, reveals
already one of the dominant features of the selected calculation
cases: the gain loss ratio GLR 1is high, particularly in autumn and
spring. For instance in March the heat gains are almost as high as
the losses and almost eight times. as high as the heat demand!
Figures 26 and 28 show another dominant feature of the selected
cases: the mean ambient temperatures as seen by the respective
zones is much higher than the outdoor temperature. This is due to
the large interaction between the zones. The small temperature
difference between zone and ambient temperature implies that the
real mean zone temperature is very sensitive for minor changes in

the situation or for minor deviations in the ambient conditions.

7.5 Verification of TCHM~-heat against DYWON

7.5.1 Main results

In tables 15 and 16 the results of the calculations with DYWON
and with TCM-heat are summarized. The difference in annual heat
demand is only about 10 percent. This difference is very small,
considering the very low absolute value of the heat demand: the
energy consumption for space heating is, conversed to natural

gas, in the order of a few hundred m® per year only.
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2 a. heat supply from radiator living room
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0 2 ElTITrTT
0 e hour
1
b. heat supply from radiator bedroom south
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0 e hour 7 17 24
1

c.

heat supply from radiator bedroom
north

hour 7 12 17 24

al]s, -

: radiator fully or
partly open

------ : radiator closed

Figure 23. Illustration of energy consumption and heat supply by

the central heating system. Calculated hourly values
for a typical day in autumn (October 22, 1964); case

with heated bedrooms.
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Figure 24. Illustration of room temperatures compared with
thermostat settings and outdoor air temperature.

Calculated hourly walues for a typical day in autumn

(October 22, 1964); case with heated bedrooms. Presented

room temperatures
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average of air and surfaces).

comfort temperatures

(weighted
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This confirms

quite extreme;

that the chosen calculation cases are indeed:

certainly for the current building tradition in

The Netherlands.

Table"

15 also shows that some deviation occurs in the

distribution of the heat demand (in fact: the heat supplied by

the radiators) over the zones.

of

This is not surprising because

the high interaction between the =zones: the =zones are

separated by uninsulated floors and walls and are furthermore

interconnected by ventilation heat flows.

Table 16 shows the distribution of the discrepancy in heat

demand
contributor to the discrepancy of 10
demand. As pointed out in the previous

heat demand in March is almost eight

over the months. The month March is the largest

percent in annual heat
section, the calculated

times smaller than the

heat gains during that month.

Table 15. Verification of the simplified method TCM-heat against DYWON
unsteady state calculations in a complicated multi-zone
situation; heating requirements over the heating season for
the total dwelling and the distribution over the heated
rooms.

Case Method |Seasonal heating Distribution over the
requirements heated rooms (X)
total dwelling
(MI) living |kitchen|bed- |bed- |attic
room room |room
South|North
DYWON 8249 90 10 -— -— -
unheated |TCM- 71457 86 14 - - -
heat
bedrooms [diffe- - 10
rence
(%)
DYWON 10547 47 3 25 25 -
heated TCM- 9597 36 3 25 35 --
heat
bedrooms |diffe- - 9
rence
(%)

- 78 -



TPD

nummer 415 a3 blad

- 79 -

Table 16. Verification of the simplified method TCM-heat against DYWON

unsteady state calculations in a complicated multi-zone
situation; distribution over the months of the discrepancy

in calculated heating requirements for the total dwelling.

Case Distribution over the months of discrepancy in calculated
heating requirements between DYWON and TCM-heat for the
total dwelling (% of seasonal QHD*)

Season Oct. Nov. Dec. Jan. Febr. |Mrch. |Apr.
unheated

bedrooms |- 9.6 - 2.1 }-0.0{+0.5]|-0.4|-1.4 |-5.5]-0.6

heated

bedrooms |- 9.0 -2.0(|-0.5|-0.2 -0.8]-1.2]|-4.0|-0.4

) TCM DYWON DYWON
*xY)- : x - .
): defined as }00 (QHD,month QHD,month HD, season

7.5.2 Discussion of the results in detail

The figures 25-28 present a comparison of monthly heating

requirements and mean temperatures. Concerning the heat demand

for the total dwelling the discrepancies are only significant
for March and - tc a less extend ~ for October. The monthl&
heat demand is calculated with the equation:

p = (@ - nG.QG). As figure 25 clearly éhows,
the values for QL and QG are an order of magnitude
higher than QHD' so any minor deviation in the
determination of QL’ QG or Ng will result in a
strongly exagerated high relative error in QHD for that
month. In absolute terms, and certainly in comparison with

Q

L and QG’ the deviation is small,

NB: the fact that QHD in relative terms is so sensitive for
minor deviations, is not a matter of applied procedure; it is
purely a physical phenomenon which will occur in real
situations too: in such case as assumed in this chapter any
small change in e.g. occupants' behaviour or e.g. temperature

of adjacent buildings may result in a relatively large change
in the (still small) heat demand.
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Figure 27 shows the discrepancies in the distribution of heat
demand over the various zones, which was already discussed in

the previous section.

The mean temperatures calculated with TCM-heat are generally in

good agfeement with the mean comfort temperature calculated
with DYWON, though in some months the values are too low. The
DYWON results are presented as a band; this band represents the
difference between air and mean surface temperature. The
simpiified method TCM-heat knows only one indoor temperature.
This ,is one of the possible causes for the deviation: the zone
temperature calculated with TCHM-heat is the temperature on
which the heat losses are based. For instance, if ventilation
losses are dominant the calculated temperature represents the
air temperature. Or if, for instance, a window with high
transmission losses 'sees' a cold floor surface inside the zone
then the calculated temperature is more close to the low

temperature of that floor.

A combination of underestimated temperatures and underestimated
heat demand for the same month is an indication that the
utilization factor for the gains is overestimated. This might
be another cause for the deviations revealed by the figures. As
figure l5a showed one should allow some uncertainty around the
utilization factor curve: #* 5 percent of the wvalue of QL

{(see section 5.9).

A plausible third cause for deviation is the correction factor
for the thermostat night setback. In section 4.1.2 the
correction factor CN was discussed. It was concluded that a
refinement could improve the adequacy of the correction for
night setback to deal particularly with complicated multi-zone
situations. The effect of a refinement would be limited, but
would probably for the presented cases lead to a slight
increase of mean indoor temperature, accompagnied with an

increase in heat demand.
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The control of the heating system may also be a cause for some
deviation. In figure 23 it can clearly be seen that if the
burner is switched off, the radiator in the 1living room
continues to give off heat until the water is cooled off. In
fact, one could call this unutilized heat supply from the
heating system; like the unutilized solar and internal gains it
will lead to an increased mean indoor temperature
(overheating). The original single zone DYWON calculations on
which the parameters of category Bl are based would show the
same phenomenon. One can, however, imagine that the influence
of the inertia of the heating system can vary easily from
situation to situation. Also the hysteresis of 0.5K in the
thermostatic valves and room thermostat may lead for the DYWON
results to incidental mindr deviations from the setpoints (see
figure 23).
|

Furthermore: the room thermostat in the living room controls
the burner. On hours in which the living room has noc heat

demand, other rooms may experience a shortage of heat.

Finally, the deviation might partly be due to.the difference in
window and other building component characteristics. In DYWON
the thermal and solar transmitted heat flows are calculated on
an hourly basis. The indoor surface heat transfer coefficients
are calculated each hour on the basis of the actual local
temperature differences. The thermal and solar transmittances
in the simplified method are constant U- and g-values, based
upon assumed mean heat transfer coeficients. For example: the
window U-value is assumed to be U = 2.9 W/m?K, based upon
indoor heat transfer coefficient

hi = 8 W/m3K.

If, for the selected calculation case, the mean coefficient

hi = 6 instead of 8, then the mean thermal transmittance of

the window is 10 percent lower than expected (U = 2.6 W/m2K).
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Summarizing, the following possible causes for the deviations
can be identified:
- different "definition" of indoor temperature;
- error band around the utilization curve;
~ inadequacy of the night setback correction approach.
- inertial effects of the radiator heating system;
- type of control of the heating system;
- deviation from nominal steady state characteristics

(U and g).
Nevertheless, the overall agreement between the results of
TCH-heat and DYWON is quite satisfactory, if one takes into
account that the deviations in distribution of heat demand over
the zones and over the months and the deviations Iin mean zone
temperatures are caused by the high gainloss ratio in the

concerned zone and month.
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b. total gains versus losses, showing that in autumn and spring the

heat demand is a very small difference of two large numbers.

Figure 25. Verification of TCM-heat against DYWON unsteady state

calculations in a complicated multi~-zone situation; case

with unheated bedrooms.
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Figure 26. Verification of TCM-heat against DYWON unsteady state

calculations in a complicated multi-zone situation; case

with unheated bedrooms; mean indoor temperature of the

living room and bedroom North,

The figure also shows the weighted mean ambient tempe-

rature, ©
a

as experienced by the living room

(weighted mean of outdoor, ground and adjacent rooms).




TPD

nummer blad

712.003 -85 -
3000 1 ) T I 1 1 3000
MJ ==q___. total
=“-_1:_‘J dwelling
2000 | 4 2000
= =
A
S— .
1000 : = 1000
1
0 1 1 1 I | ==J0
Oct. Nov. Dec. Jan. Feb. Mch. Apr.
2000 T T T T T T 2000
MJ living
room
F=T——n
1000 | ] < 1000
Q =1
HD r—— v
1
‘ ]
0 ! 1 r—_—Lﬁaaao
Oct. Nov. Dec. Jan, Feb. Mch. Apr.
1000 T T T 1 T T 1000
MJ bedroom
Ql-l | south TCM-heat
i B -——n -m=-==  DYWON
0 ——- . { . r———ﬁ 0 calculations
Oct. Nov, Dec. Jan. Feb. Mch. Apr.
Figure 27. Verification of TCM-heat against DYWON unsteady state

calculations in a complicated multi-zone situation; case

with heated bedrooms. Presented are the heating

requirements for the total dwelling, for the living room
and for the South bedroom; the heating requirements are

the amounts of heat supplied by the radiators.
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Figure 28. Verification of TCM-heat against DYWON unsteady state

calculations in a complicated multi-zone situation; case

with heated bedrooms; mean indoor temperature of the

liviﬁg room and bedroom South.

The figure also shows the weighted mean ambient

temperatures as experienced by both rooms (weighted mean

of outdoor, ground and adjacent rooms).
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8. SENSITIVITY STUDIES WITH TCM-HEAT TO ILLUSTRATE THE INFLUENCE OF
WINDOWS IN .TYPICAL SITUATIONS '

8.1 Introduction

As illustration of the possibilitigs of the simplified method TCM-
heat a number of calculations have been performed. A reference
dwelling has been selected and a number of characteristics have
been waried which show the influence of the changes on the heat
demand. In the selection of variations the emphasis was put on the
effect of windows.

The number of variations is kept limited for two reasons:

1. the simplified method is easy to use for similar sensitivity
analyses, using different assumptions or conditions;

2. a high number of wvariations would suggest that all possible
situations have been covered; one of the most attractive aspects
of TCM-heat is, however, that it provides the heat demand
'tailor-made' to a specific situation, taking into account from
month to month the gain utilization factor as a function of the

specific gainloss ratioc, and the interaction with other zones.

B.2 Description of the reference case and the variations

. The reference case has been based upon the dwelling used for the
verification of TCM-heat in the previous chapter. Some details
have, however, been modified to turn the quite "extreme" case into
a "typical" case for highly insulated dwellings.

The modifications are:

- the ventilation rate has been changed from 0.50 to 0.80 air
changes per hour;

- the house is assumed to be at the end of a row (semi-detached),
instead of in the middle;

- the groundwater level is 3 meters below the groundfloor instead
of 10 meters, resulting in a conductance of 0.33 instead of 0.12
W/m?K (see table 14).

The data for the reference case as used for the input in TCM-heat

are presented in table 17. Figure 29 presents the 35 variations

which were selected for the sensitivity analysis. The window type

varlations are explained in table 18.
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Table 17. Reference
the calculations with TCM-heat.
(see chapter 4 for the explanation of the symbols).

case

for

the sensitivity studies:

input

Zona Cate- 01"e‘ Av (m?)dh Aop (m*)
- gory* day T
(*C) S |E|[ N |W¥ |hor.| 8 B N |¥ jhor.
1. livipg-| b-1 19.1 5.5|0 |3.0/0 | 0 |11.3|21.8]| &.8]0 | O
room
2. kitchen| b-1 19.1 |0 |0 |2.5]0 | © 0 0 4.5|10 J O
3. bedroom| b-1 18.0 3.s5|0 |o 0 0 12 10.1] O L] 0
Secuth
4, bedroom| b-1 1.0 [0 |o |3.5]0 ] © (1] 10.1]12.1|{0 | ©
Rorth Aokh
5. attie =-b= unheated|0 |0 JO O | O 0 10.7] O 0 |s8.6
® ; ascc. to table 13
Wk : actually: glazing area
Wiy in fact: tilted roof, but only relevant for solar abaorption
{influence is small).
Zone Window Fagade Roof(=hor.) |Ground- To other zones
type f1loorkk Ukd (W/K)
nr.m
op 'op Ub op Uﬂ to l|to 2|to 3|to 4|to 5
(W/n?K)| (=) |(W/m'K)|{~) |[(W/m'K)
1. living 46 0.40 |0.BO] -~ == ] 0.31 ~=131.9]|49.8}33.8| 0
room
2. kitchen| &6 0.40 |0.80] ~-~ -~ | 0.31 31.9| - | 0 16.0] O
3. bedrcom 46 0.40 0.80 - —-— - 49.8| 0 -~ |31.5]49.8
South
4. bedroom| &6 0.40 |0.80) -- - - 33.8]16.0131.5] -- |49.8
North
5. attle - 0.40 |0.80| 0.20 |0.50f ~-- 0 0 |49.8]49.8] —-
® : gee table 18
*k ; under floor: comduct. to 10°C : 0.33 Wo?K, to outdoor: 0.30 W/ mK.
Zone flnt Ventilatlon {(m?/b) from othar zones Idem from
outdoor
(W) from | |from 2 |from 3 [from & |from 5
1. lilving | 230 - 0 (1] 0 0 49.6
room
2. kitchen| 210 24.0 - 8.0 14,4 18.8 22.4
3. badroom 47 11.2 0 - 8.0 14.4 36.8
South
4, badroom| 23 0 0 0 - 0 30.4
North
3. attie 0 1] 0 ] o 0 82.4
Climate: TRY De Bllt (see section 4.4, table 3).

data
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1-15: raf. case, with variation of window size and orientation:
1-6: S-N '
1 2 3 4 5
7-15: E-W
b | ) b | b | ¢ | ) s | ‘,'L_J
b & 4 ® :: ® ? 4 4 L ]
]
7 8 9 10 11 12
' ] 0
< 4 @ 9 o 4
g {
13 14 15
16-24: Window type varietions in }Jiving room and kitchen only:
16-18: glazing replaced by 19521: as ref. case, but 22-24: as ref. case, but
low U-glazing not solar shading. : no night insulation
(aee table 18)
P o~ A 1 A d b
O rgrg (g (g (oot
J N Sododh e O o
16 17 18 19 20 21 22 23 24
25-27: Variations in the bedrooms:
25: South window size 26-27: glazing replaced by
low U-glazing
in whole dwelling
1 25 26 27
28-30: light weight bullding construction (cat. b-3):
28 29 30
31-36: unheated bedrooms:
31-33: as ref. case, but 34-36: unheated bedrooms wlth
bedrooms unheated: 5 cm thermal insulatlon
in bedroom floors
l_ L L I_ L L EXPLANATION
_ e L _ ground
hd e = hd i = floor
N
Figure 29. The variations on the reference case. L kitchen bedroom
backside
living badroom
frontalide
o small window size see
oo : medium window slze] also
ooo : large windowv size table 18
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Table 18. The window types and glazing sizes used in the sensitivity

studies. (see chapter 4 for the explanation of the symbols).

Type and Description Uk g* Tk zh
symbol (W/mik) |(-) |(=) [(=)
in fig. 29 |glazing solar night
shading insulation

clear internal |well-closed| 2.9 0.70[0.78|0.68
46 double blinds, curtain

glazing, light

del2 mm. colour
47 idem none idem 2.9 0.70{0.7811.00

as 46 as 46
48 idem idem none 2.9 0.7011.0010.68

ag 46 as 46

double idem idem 1.8 0.58|0.85]|0.76
51 glazing, as 46 as 46

with low

E coating

on cavity

side of

inner pane
Glazing Living room Living room Bedroom frontside
size (m?) frontside backside

m? 2 of floor m? T of floor m? 2 of floor
area ‘larea area
o small 3.0 7 3.0 Tk 3.5% 15%
oo~ medium 5.5k 13% 5.5 13 5.5 23
@00 large 8.0 20 8.0 20 - -—
* = reference case

* the presented properties are typical values for the indicated type;

the values will in general differ from product to product, depending

on the actual specifications.
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Table 19. Three examples of monthly results to illustrate the kind of

output produced by TCM-heat;

January (Midwinter, low gains):

month 2zone
1 1
1 2
1 k|
1 4
1 5
total

Temp.

17.4
17.4
16.5
16.5
12.7

DTA

1.00 0.00
0.03
0.00
0.00
0.00

March (Early spring, some overheating):

month

one

[V Y Fy Sy

Temp. Tamb.

c

17.9
18.2
16.8
16.8
14.0

C

13.2
14.9
14.3
14.3
13.7

Te
o

uvuvynon

* e e e s

o,

GLR 176G DTR DTA
- - - c
0.82 0.96 1,03 0.15
1.09 0.84 1.17 0.49
0.63 1.00 1.00 0.00
0.36 1.00 1.00 0.00
0.00 0.00 0.00 0.00

April (Spring, small heat demand):

month

otal

ZONne

(L N Y

Temp.
C

18.9
19.4
17.4
17.0
15.1

Tamb.
C

14.5
16.0
15.4
15.5
14.7

DTR DTA
- ¢

1.28 0.98
1.73 1.44
1.25 0.40
1.02 0.04
0.00 0.00

reference case.

QL

2663

862
1532
1412

6468

QL

2182

698
1148
1045

5072

oL
MJ

1641
468
703
600

0

3412

QLreal QG QHD
MJ MJ MJ
2633 1037 1626
B70 623 247
1532 34% 1183
1412 157 1255
24 24 0
6501 2190 4311

QLreal QG QHD
MJ ° MJ MJ
2252 1786 467
8lé 761 56
1149 724 425
1045 373 671

93 83 0
5356 3737 1619
QLreal QG QHD
MJ MJ MJ
2102 2048 54
808 808 0
880 849 31
- 614 475 139
132 132 0
4536 24

4312 2
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8.3 Calculated annual heat demands

In table 19 the monthly results are presented for three different
months for the reference case, as an example of the kind of output
produced by TCHM-heat.

Table 20 shows the annual heat demand for each of the 36 cases cal-
culated with the simplified method TCM-heat.

The results have been presented in figure 30 as a function of the
glazing area. In figure 30a this is the glazing area of the South
window in the living room, in figure 30b the same window, but now
turned to the East orientation; in figure 30c the bedroom South
glazing area is the variable on the horizontal axis.

Comparison of the results leads to the following observations:

curve a: reference case:
(1+2+43) Effect of varying South glazing area: slight decrease in
annual heat demand with increasing glazing area (roughly

-125 MJI/m?).

curve b: as reference casge, but increased glazing area on North

(4+45+6) facade of the living room:

Compared with reference: increased heat demand as North
glazing area increases (+175 MJI/m?). Effect of varying
South glazing area: same tendency as in reference case

(roughly -110 MJ/m?),

curve c: ag reference cage, but orlentation of whole dwelling

(10+411+12) turned to East-West:

Compared with reference: heat demand increased with
about 1000 MJ; or: 57 MJ/m?, mixed value for North-South
and groundfloor + 1st floor. Effect of varying East
glazing area: slight 1increase in heat demand with

increasing glazing area (roughly +60 MJ/m2}.
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Table 20. Annual heat demand for the whole dwelling calculated with

TCM-heat.
VARIANT Qyp [W]
annual
1 (reference) 16432
2 16165
3 16785
4 17205
5 16876
6 16645
7 17624
8 17449
9 17861
10 17637
11 17465
12 17324
13 17613
14 17855
15 18156
16 15167
17 14680
18 15770

'VARIANT ’ Qyp (W]
annual
19 15971
20 15635
21 16510
22 17241
23 17127
24 17418
25 16128
26 14437
27 13964
28 17364
29 17127
30 17675
31 12403
32 12204
33 12703
34 9197
35 9142
36 9381
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SOUTH/NORTH

13L ORIENTATION OF
DWELLING

(6J)

16f-

14

12

QHD annual
whole dwelling

F

o .

of N

-
-~
-

+2
(GJ1)

—10

f

n (QHD-QHD ref)annual

whole
dwelling

EXPLANATION:

variations in living-
room + kitchen

a. ref. (only glaz.
area varied)

b. increased glazing
north fagade

f. low U-glazing
g. no solar shading
h. no night insulation

Variation in whole
dwelling

k. light weight
construction

1. unheated bedrooms
m. unheated bedrooms

and insulated
intermediate floor

2
Aw living room, south fagade (n)

Figure 30a. As function of the glazing
area of the South fagade of
room in

the living

South/North orientation.

Figure 30. Annual heat demand for the whole dwelling as function

of the variations on the reference case.
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+1
(G SOUTH/NORTH
~ ORIENTATION (6J)
OF DWELLING ]
. SE———
i _:2:T\\‘~\\ﬂ‘ (QHD-QHD ref.)annual
1 whole dwelling
0 - =1
D annual EXPLANATION:
whole dwelling [©
variations in
-1-2 south bedroom:
14 |- 3
-3 i. ref. (only glaz.
L L area varied).
1 I
0 2 4 6 .
- (m?) varjations in
w south bedroom ‘ whole dwelling:
J. low U-glazing
(compare with f).

Figure 30b. As function of the glazing

bedroom.

area of the South oriented

()]
18

EAST/WEST

1

QHD annual
whole dwelling

16 L

e
ORIENTATION OF d
DWELLING

+2
{GJ)

 +1
(Q,-0

HD ref.)annual
whole dwelling

EXPLANATION:

-1 variations in living~

room and Kitchen

oA\

L L
8

Aw living-room, eaat fagade

(m?

10

c. as ref. (but E/W)
) . :
d. increased glazing

west fagade

e. further increased
glazing west fagade

Figure 30c. As function of the glazing area of the East fagade of the

" 1living room in East/West orientation.
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curve d: as c, but increased glazing area on West fagcade of the

(7+8+9)  1iving-room:

Compared with «¢: again, a slight increase with

increasing glazing area (roughly +65 MJI/m?). Effect of
varying East glaiing area in this situation: roughly
+80 MJ/m?).

curve e: as d, but glazing area on West facade of living room

(13+414+15) increased furthermore:
Compared with d: heat demand increased with roughly
+90 MJI/m?., Effect of varying East glazing area now:
roughly +110 MJ/m2,

curve f: as reference case, but pglazing in living room and

(16+17+18) kitchen replaced by glazing with better U-value:

Compared with reference: decrease in heat demand roughly
1250 MJ; or:=115 MJ/m?, mixed value for North + South.
Effect of varying South glazing area: a strong decrease
in heat demand with increasing glazing area (roughly
=220 MWI/m2).

curve g: as reference case, but no sglar shading in the living

(19+20+21) room and kitchen:

Compared with reference: decrease in heat demand roughly
460 MJ, or -85 MJ/m? of the South window (for the North
windows the climate factor FQSOO = 0: shading never
used). Effect of varying South glazing area: a stronger
decrease with glazing area compared to curve a: roughly

=175 MJ/m?.

curve h: as reference case, but no night insulation in the living

(22+423+24) room and kitchen:

Compared with reference: increase in heat demand roughly
+800 MJ; or: +75 MJI/m2 (mixed value for North + South).
Effect of varying South glazing area: a weaker decrease
with glazing area compared to curve a: roughly

-60 M)/m2.
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curve 1i:

(1+25)

curve j:

(26+27)

curve k:

(28+29+30)

curve 1:

(31+32+33)

curve m:

(34+35+36)

ag reference case, but increased glazing area in South

bedroom:

Compared with reference: a decrease in heat demand of
-150 MJ/m3,

as reference case, but glazing in whole dwelling
replaced by glazing with better U-value:

Compared with reference: a decrease in heat demand of

around -2000 MJ; or: -110 MJ/m?*, mixed value for North +
South and groundfloor + 1lst floor. Compared with £:
effect for the whole dwelling per m? about the same as

effect for only the groundfloor per m?,.

as reference case, but ligphtweight construction instead
heavy weight:

Compared with reference: around 900 MJ increase in
annual heat demand. Effect of varying South glazing area
in the living room: slight decrease in heat demand of

around -110 MJ/m? with increasing glazing area.

as reference case, but bedrooms unheated:

Compared with reference: -a strong decrease in heat
demand, around -4000 MJ, or 25 percent of the original
amount. The calculated mean temperature in the bedrooms
in January is still 11-12 °*C, Effect of varying South
glazing area in the living room: again a slight decrease
in heat demand with increasing glazing area
{(-100 MJ/m2).

as 1, but with 5 cm. thermal insulation in the floor of

the bedrooms:

Compared with 1: again a strong decrease in annual heat
demand: around -3000 MJ, or 25 percent of the wvalue
without insulation of the intermediate floor, but the
mean temperature in the bedrooms in January has dropped
to 7-8 °C. Effect of varying South glazing area in the
living room: only a very slight decrease in heat demand

with increasing glazing area (around -50 MJ/m?).



TPD

nummer 712.003 blad - 98 -

8.4 Indication of overheating

The simplified method TCM-heat also provides the monthly values- of
dTA for each zone: the mean (absolute) overheating: the number
of degrees K that the mean zonhe temperature exceeds the thermostat
value, after correction for the temperature drop due to night
setback (see definitions in section 3.5). In the examples in table
19 for the reference case typical values can be found. The highest
value there is 1.4 °*C, for the kitchen in April.

A number of variants have a lower annual heat demand. This is the

result of one or more of the following effects:

higher gain utilization curve (see k);

lower thermostat values (see 1);

lower overall loss coefficient (various cases);

~ higher ambient temperatures (various cases);

- more gains (various cases).

With the first two kinds of variations a decrease in monthly heat
demand is not accompagnied with an increase of the monthly mean
zone temperature. In the three last mentioned kinds of variations a

decrease in monthly heat demand implies that the monthly mean zone

‘temperature rises, unless the gainloss ratio is still sufficiently

low to have a gain utilization factor nG = ],

A few examples of the mean overheating are presented in figure 31.
The presented wvalues are for the month April, for both the
living room and the South bedroom. It is difficult to judge the
results presented in figure 31, because the relation between peak’
temperatures and the presented mean values is (still) unknown.
Nevertheless, the various cases can be c¢ompared on a relative
basis. Some interesting cases (see figure 31):
curve m: The cases with the highest overheating in the living room
are at the same time the cases with the lowest heat
demand: wunheated bedrooms and insulated intermediate
floor. Despite the fact that the added insulation
thickness is much less than the insulation already

provided in ground floor, walls and roof.
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curve g: The cases without the indoor blinds applied in the
living room and kitchen also lead to a relatively high
overheating, even more than the cases with low U-glazing
in those two zones (curve f), despite the fact that - on
an annual basis! - the latter cases have a lower heat
demand (see figure 30a). It is also typical toc see the
influence of the absence of blinds in the living room on
the overheating in the South bedroom.

curve k: The influence of the building mass on the monthly mean
temperature rise appears to be very small: the influence
of the glazing area (and thus the GLR-value) is here much
larger than the effect of the lower gain utilization curve

nG (GLR) itself.
8.5 Discussion

For the selected reference case an increase of the glazing area of
the double glazed South window has a (small) beneficial effect on
the annual heating requirements. This is valid for both the living
room and the South bedroom, if heated (curves a and i). If no night
insulation is applied the beneficial effect is les (curve h); if

glazing with a better U-value 1is applied the effect is larger

(curve f). But the effect of an increase of the glazing area also

depends on the particular situation. The values for the decrease in
annual heat demand presented in the previous section vary for the
same type of glazing (double glazing, with night insulation and
solar shading) between -50 MJ/m* (curve m) and -125 MJ/m? (curve
a). Figure 31 shows the effect on overheating: the potential
beneficial effect on an increased glazing area is in the cases of
curve m for a bigger part "dissipated" in the form of overheating

than in the cases represented by curve a.

This illustrates the advantage of the tool TCM-heat now being
avalilable: the effect of a certain measure can be calculated

"tailor-made" to the particular situation.
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3 T
(K} | aprIL
m
g
2L -
in 1iving- _ EXPLANATION:
room k
a variations in living-
L - room + kitchen
a. ref. case (only
glaz. area varied)
f. low U-glazing
1L -
Fe g. no solar shading
,—Ok Variations in whole
dT Z.-0f dwelling
A | —“_.-—°a -
- .
Y k. light-weight
1 oS ;:d:gg;h construction
0 . ' m. unheated bedrooms

8

—- Aw living room, south fagade

Figure 3la. As function of the glazing

area of the South fagade of

the living room in South/

North orientation.

10

(m?)

and insulated
intermediate floor

Figure 31. BSome examples of the calculated value for the monthly mean

overheating dTa in April, for the living room and the

South bedroom.
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EXPLANATION:
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in living- variations in
room south bedroom:
i. ref. (only glaz.
i
~ ref3 - area varied).
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TA4 variations in
l" whole dwelling:
dT r s
A VY
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1 d south
bedroom
1 1
0 2 4 6

- Aw south bedroom (m?)

Figure 3lb. As function of the glazing area of the South oriented

bedroom.
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9. CONCLUSIONS

This report documented the activities and results of the
Netherlands within Step 5 of the IEA R&D project "Windows and
Fenestration".

A method has been introduced to calculate by hand monthly heat

losses and gains. Simple correction factors have been introduced to

deal with special situations., Particular attention was given to the
influence of various types of window systems.

Correlation factors -have been proposed to take into account

unsteady state effects; the gain wutilization factor ng as

function of the gain loss ratio GLR and the correction factor for
thermostat setback during night (Cy) or during non-office hours

(Crowa) - Furthermore a  parameter dTg, the mean relative

overheating has been introduced, giving some indication of the

overheating due to non-utilized gains.

The following novel aspects of the method compared to other

existing methods were identified:

- the applicability of the method for office buildings without
mechanical cooling;

- the applicability of the method in a multizone situation with
exch#nge of heat by transmission and/or wventilation between
different spaces;

- the rough indication of thermal comfort by the introduction of
the relative overheating.

The main limitation of the method in comparison with some of the

other metheds is that passive solar elements other than "direct

gain" fenestration, like collector.storage walls, have not (yet)

been included.

Series of parameter studies using the unsteady state computer model
DYWON have been reported. The results of these calculations made it
possible to quantify the correlation factors mentioned above.

With the correlation factors a simplified calculation method has
come available to calculate the space heating requirements for a

wide range of situations {TCM-heat).
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The simplified method has been verified against a calculation with
DYWON for two complicated multizone situations, in a highly
insulated dwelling. Although the selected cases were quite extreme,
the agreement in annual heating requirements for the whole dwelling
appeared to be satisfactory. Some deviation occured in the
digtribution over the months due to the fact that for some months
the heat demand is the very small difference between the much
larger heat 1loss and almost equal' gains. Some deviation also
occured in the distribution over -the zones, due to the strong

interaction between the zones in the well insulated building.

Finally, examples have been presented of one of the possible

. applications of the method, namely to show the influence of window

size, type and orientation on the energy consumption for space
heating in a selected number of typical situations.

These examples illustrated that the influence of a change in window
gize, type or orientation may depend on the actual conditions like
for instance c¢limate, type of use of the considered zone,
insulation level and also the conditions in the adjacent zones.
With TCM-heat the influence of the window on energy consumption can
be calculated "tailor-made" to a particular situation.

The introduced duantities mean relative overheating, dTR, and
mean absoclute overheating, dT,, appeared to be useful indicators
for the thermal comfort situation. The relation with peak

temperature, however, has not been investigated.

Although TCM-heat is basically a hand calculation method, the
calculation 1is inevitably complicated in case of a multizone
gituation. With the Fortran-version of TCM-heat, however, also

complex multizone situations can be dealt with easily.

Technisch Physische Dienst
—

Ir. H.A.L. van Dijk

Delft, December 1987
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APPENDIX 2

Detailed description of the cases used in the series of unsteady state

calculations.
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Category a-1 Dwellings Masonry Lype{ heavy weight}
noce] A A A A v U g z r &
s m e [ fac r n int » Iset,day

() () 1 (£] 8] (f] wm ) wiek) (] (-] () (%)
FI 1.7 1.7 0 0 4.8 o 105 a0 5.9 0.80 1.0 L0 210
F2 1.7 1.7 0 0 4.8 0 105 430 5.9 0.80 .58 1.0 21.0
F3 i.z; 1.7 0 0 4.8 ¢ 105 430 5.9 0.80 58 .75 21.0
F4 u.7 iz 0 0 4.8 0 105 20 5.9 0.80 59 6! 21.0
35 1.z 1.7 0 0 4.8 0 105 30 5.9 0.60 1.0 .64 21.0
F6 1.2 1z [ 0 4.8 0 105 430 5.9 0.80 1.0 .41 21.0
F7 1.7 1.7 0 0 458 0 105 430 59 0.80 59 7 21.0
F8 1z 1.z 0 0 45.8 0 105 30 3.4 0.71 Jo .58 210
9 .z 7 0 0 45.8 ¢ 105 450 5.9 0.80 S8 .M 210
F1o . 1.7 0 0 45.8 0 105 930 3.2 0.70 Lo 1.0 21.0
Fil . 1.7 0 0 45.8 0 105 420 312 0.70 59 1.0 21.0
Fi2 Lz 1.7 0 0 458 0 105 a9 3.2 0.70 JO0 83 21.0
FI3 .2 1.7 0 0 45.8 ¢ 105 90 1.8 0.66 1.0 Lo 21.0
Fl4 1.7 117 0 0 45.8 0 105 430 2.2 0.57 1.0 Lo 21.0
Fi5 n.r 1.z g v 4.8 ¢ s 430 2.2 0.5 .81 & 21.0
FI6 L7 1.7 0 0 45.8 ¢ 105 430 3.2 0.70 .59 .59 21.0
FI7 Lz u.7 0 0 45.8 0 i0s a0 3.2 0.70 1.0 .66 21.0
FE2 0 0 17 117 4.8 0 108 430 5.9 0.80 58 L0 21.0
FE4 0 0 117 1.7 4.8 ¢ 105 430 5.9 0.80 59 .61 21.0
FES 0 ¢ 117 1L’ 4.8 0 105 430 5.9 0.80 1.0 .41 21.0
FEID 0 0 1.7 1.7 5.8 ¢ 105 430 3.2 0.70 1.0 L¢ 21.0
FEI3 0 0 1.7 1.7 4.8 0 105 430 1.8  0.66 1.0 L0 21.0
FELS 0 0 1L} 1.7 4.8 0 105 320 2.2 0.57 .81 .82 21.0
FELT 0 0 1.7 1.7 4.8 0 105 430 3.2 0.70 1.0 .68 21.0
Fr+2a 117 1.7 ¢ 0 4.8 0 105 683 5.9 0.80 .58 L0 210
Flvés 1.7 117 0 0 4.8 0 105 683 5.9 0.80 1o .41 21.0
Fl+lla 1.7 117 ¢ ¢ 46.4 0 105 683 1.8 0.66 Lo L0 21.0
Fl+l7a 117 117 0 0 45.8 0 105 8683 3.2 0.77 .81 .66 21.0
Fl+2b 117 117 0 0 4.8 0 105 6683 5.9 0.80 .58 1.0 21.0
Flast 117 1.7 0 0 45.8 0 105 683 5.9 0.80 1.0 .4 21.0
Flal3y 1.7 117 0 & 4.8 0 05 883 1.8 066 Lo Lp 21.0
Fl+l7s 117 117 ¢ 0 4.8 0 105 683 3.2 0.77 .81 .66 21.0
Fr-2 1.7 117 0 0 458 0 105 ¢ 5.9 0.80 1.0 L0 21.0
FI6 1.7 17 0 0 45.8 0 105 ¢ 5.9 0.80 58 4L 21.0
FI-13 1.7 IL7 0 0 458 0 105 ¢ 1.8 0.66 1.0 L@ 21.0
Fi-I7 H.7 0.7 g ¢ 45.8 0 105 0 3.2 0.70 L0 .86 210
Fvss 1.7 117 0 0 45.8 0 35 430 5.9 0.80 1.0 41 21.0
veld 17 1L7 0 0 4.8 0 35 430 1.8 0.66 1.0 .41 21.0
Y17 117 117 0 0 46.8 0 315 a0 3.2 0.70 1.0 .4 21.0
w1 9.0 8.0 0 0 648 611 280 §17 5.9 0.80 1o 1.0 20.0
174 9.0 9.0 0 ¢ 64.8 611 280 5§17 5.9 0.580 .58 1.0 20.0
W3 9.0 2.0 0 0 648 611 280 617 5.9 0.80 58 75 20.0
7] 9.0 9.0 0 ¢ 648 61! 280 8§17 5.9 0.50 59 .81 20.0
w5 9.0 9.0 0 0 648 611 280 5§17 5.9 0.80 1.0 .64 20.0
w5 9.0 9.0 0 0 648 61.1 280 617 5.9 0.80 1.0 41 20.0
w7 9.0 9.0 0 0 648 611 280 61 5.9 0.60 59 20.0
vg 9.0 9.0 0 0 648 61! 280 617 3.6 0.71 JOo .58 20.0
¥ 9.0 9.0 0 0 648 61.1 280 617 5.9 0.80 58 M 20.0
K10 9.0 9.0 0 ¢ 64.8 611 280 517 3.2 0.70 Lo L0 20.0
w11 9.0 9.0 0 0 648 61! 280 817 3.2 0.70 59 L0 20.0
wiz 9.0 9.0 ¢ 0 648 611 280 617 3.2 0.70 70 .63 20.0
wI3 9.0 9.0 ¢ 0 648 LI 280 517 1.8 0.66 Ly Lp 20.0
w4 9.0 9.0 0 0 64.8 611 280 57 2.2 0.57 1.0 L0 20.0
wis 9.0 9.0 0 0 648 611 280 57 2.2 0.57 81 & 20.0
wis 9.0 9.0 0 0 648 611 280 617 3.2 0.70 59 .59 20.0
w1z 2.0 ¢.0 0 0 64.8 611 280 17 3.2 0.70 1.0 .66 20,90
wi-2 9.0 9.0 M. 117 648 6l1 280 38 5.9 0.50 58 1.0 20.0
Wi 9.0 9.0 1.7 11} 4.8 61.1 280 3 5.9 0.80 1.0 .41 20.0
¥-13 9.0 9.0 MN.7 N7 648 611 280 308 1.8 0.66 1.0 Lo 20.0
vi-17 9.0 9.0 1.7 1.7 64.8 611 280 308 3.2 0.70 1.0 .66 20.0
W+10  18.0 §.0 117 1.7 4.8 611 280 817 3.2 0.70 1.0 1.0 20.0
¥6+13  18.0 6.0 117 1.7 64.8 61.1 280 617 1.8 0.66 1.0 1.0 20.0
WG+l  18.0 6.0 11,7 11.7 64.8 61.1 280 17 3.2 0.70 1.0 .66 20.0
WG+-1 18.0 5.0 0 0 648 61.1 140 5§17 5.9 0.80 1.0 Lo 20.0
Wew-6 18.0 5.0 0 ¢ 64.8 &1.1 40 617 5.9 0.80 1.e a1 20.0
wG+-8 18.0 5.0 o 0 64.8 611 140 617 3.6 0.71 J0 .58 20.0
Wee-10 18.0 5.0 0 0 &4.8 61.1 M0 7 3.2 0.70 1o 1.0 20.0
WeH-13 18,0 8.0 0 o 648 6L1 M0 517 L8 0.66 L0 Lo 20.0
WE+W-17 18.0 6.0 0 0 64.8 61.1 140 817 3.2 0.70 1.0 .66 20.0

2 2 2
All cases with nightsetback, U =0.69 ¥fm K, for code F...: Ufac- 0.66 Wim K, for code ¥...: Ur“- 0.69 Wia K
r
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nummer 712.003 blad 109 -
Category #-2 Dwellings Nasonry type{ heavy weight)
mode! A A A A A A v ¢ v g z r &
2" an 2.-; 2uw 2fac Zr 3" int '2 faset.day

[e] [@) (m} [@a} [@] [x] [ai} [W] [We x} [-] (-] [-] o]
FI+2 11.7 1.7 0 0 4.8 a 105 30 5.9 0.80 58 1.0 21.0
FT+6 11.7 11.7 0 0 4.8 [ 105 430 5.9 0.80 L0 .41 21.0
FT+13 PV A F ¥ 0 0 4.8 0 105 30 1.8 0.66 1.0 L0 21.0
T+7 11.7 1.7 0 0 4.8 [ 105 30 1.2 0.20 .o .56 21.0
-2 1.7 1.7 0 7 4.5 [} 105 430 5.9 0.80 58 1.0 15,0
-6 L7 1.7 0 0 4.8 [ 105 430 5.9 0.80 1.0 .41 15.0
Fr-10 11.7 11.7 0 [ 445.8 [ 105 230 3.2 0.70 1.0 1.0 15.0
=17 11.7 11.7 1] 0 45.8 [ 105 a0 1.2 0.70 L0 .66 15.0
WT+2 §.0 9.0 0 0 4§48 611 280 617 5.9 0.80 58 L0 20.0
WT+6 4.0 9.0 0 0 648 611 280 617 5.9 0.80 1.0 .41 20.0
M+17 9.0 9.0 0 0 648 61.1 280 61y 1.2 0.7¢ .0 .86 20.0
wr-2 9.0 9.0 0 0 648 411 280 6§17 5.9 0.8 A8 1.0 15.0
w7 -6 §.0 2.0 0 0 648 4811 280 617 5.9 0.8¢ Le .4 15.0
¥r-17 9.0 9.0 0 0 648 61.1 280 51y 1.2 0.70 1.0 .65 15.0
Wa/-T+2 18.0 6.0 [ 0 &4.8 611 140 §17 5.9 0.80 .58 1.0 20.0
WGH-T+6 18.0 6.0 0 0 648 611 140 5§17 5.9 0.80 1.0 .4 20.0
weH-T+13 18.0 6.0 0 0 648 6L1 140 §17 1.8 0.66 1.0 1.0 20.0
Wo-T+17 18.0 8.0 11.7 1.7  64.8 6l.1 140 617 3.2 .20 1.0 .86 20.0
Wow-T-¢ 18.0 §.0 11.7 11.7 64.8 61.1 140 617 5.9 0.80 A8 L0 15.0
wew-T-5 18.0 §.0 11.7 11.7  64.8 61.1 140 617 5.9 .80 1.0 .41 15.0
Wew-T-13 18.0 8.0 11.7 1.7 64.8 6l.1 140 §17 1.8 0.66 1.0 Lo 5.0
Wew.r-17 18.0 8.0 11.7 1.7 64.8 611 140 817 3.2 a.70 1.0 .66 15.0

2 2 2
All cases without nightsetback, u'_- 0.69 ¥/a x, for code F...: ufac- 0.66 Wig X, for code ¥...: Uf = 0.6 ¥lo X
B &

Category a-3 Dweilings Masonry type{ 1ight weight ,wooden frame}

sodel

FN-2

FN-4
N5
N-10
13
=15
Fu-17
-2
-5
.17

e -H-2
WG -N-5
WGV-N-10
Wi H-13

All cases with nightsetback, Ut = 0.69 Hlnzx. For code F...: U
f

A
ws

1.7
7
1.7
1.7
11.7
11.7
1.7

8.0

9.0

9.0
18.0
18.0
18.0
8.0

A
wn

11.7
11.7
u.z
1.7
1.7
11.7
1.7
9.0
9.0
9.0
6.0
6.0
6.0
5.0

A

we

2
] ) ) ] ]

cOoOocooooDoOoOG0Co oG

r

A

[~ - = S - - W - Y

A
fac

4.8
4.8
46.8
446.8
446.8
“%.8
4.8
4.8
4.8
64.8
64.8
64.8
4.8
64.8

b'ra 0’ nt
(5]
105 430
105 430
105 430
105 430
105 430
105 430
105 430
280 s
280 617
28 61
TP
40 61
o 1
Mo 617

5.9
5.9
5.9
3.2
1.8
2.2
3.2
5.9
5.9
3.2
5.9
5.9
3.2
1.8

¢

v x) (-]

0.80
0.80
0.80
0.70
0.66
0.57
0.70
0.80
0.80
0.70
0.80
0.80
o2.70
0.66

{-]

+58
59
1.0
Lo
1.0
81
1.0
.58
L0
1.0
.58
1.0
Lo
1.0

{-J

1.0
61
.41
Lo
1.0
.82
.86
1.0
R/
N
1.0
41
1.0
1.0

)
| set,day
0
{a

21.0
21.0
21.0
21.0
21.0
21.0
21.0
20.0
20.0
20.0
20.0
20.0
20.8
20.0

2
= 0.66 Wi K. For code W...: U =0.69 ll'lllzk‘
ac fac
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TPD nummer 712.003 blad 111

Category b-1 Dwellings Masonry type( heavy weight)

nodel A A A A [ U g z
[ ] we w fac »

() () &) (] im ) k) (< (-]
BHNNZ I 0 4.5 0 0 59 58.. .78 S8
BHSHZ] 4.5 0 0 0 .52 5.8 82 - 55
BHSHI2 2.1 0 0 0 42 2.9 A1 58
BHSN2Z 4.5 0 0 0 59 2.9 w4 68
BNSM12 2.2 0 0 0 .85 2.9 21 .68
BNSN2S 4.5 0 0 0 59 1.4 54 .81
BHANZS 0 4.5 0 0 59 1.4 43 2

All cases with nightsetback

2 3 2 o
For all cases A ~12.58 ,¥ «45m[/h, Q =230K, AeDm, rei, 0, » 19.4 ¢C
fac n int { set day

Category b-2 Dwellings masonry type{ heavy weight)

model A A A A A [ ¥ F r A &
»s m [ - fac fac n aint Ur g r { set,day

] 61 ) 681 o] e mm v ek ] (] (-] @) 6%

BNSC22 4.5 0 0 4 12.5 59 435 230 2.9 1 68 1.0 0 9.4

Case without Nightsetback

Category b-3 Dweilings Nasonry type( light weight)

aode! A A A A [ g z
s »n e - »

] (] )1 vkl (-] L)

8LSN21 4.5 [ 0 ¢ 58 a2 .56
BLSN24 4.5 0 0 0 19 62 T4
. BLSNZS 4.5 0 0 o 1.4 54 81

All cases with nightsetback

2 3 2 2
For 21 cases A ~125m ,V =450 [h, @ w230K, A = 0m,r=L!0, U «0.59KoK
fac n int N r fac



TPD nummer 712.003 blad - 112
Categary ¢-1 Offfces heavy weight
sadel ‘us J'm‘r ‘-e . ‘w j'f ] ‘fn Af [ ‘r v vn V’ a:’ nt ﬂw ¢ d r
] (8] &) 5] @] ) @] ) (& ] v w K (-] [ ]
23iwn 7.88 ¢ [ 0 10.5 [} [4] 0 30 70 368 5.9 0.50 0.58 o
231K 7.68 0 ¢ e 0.5 0 0 ¢ n 140 59 0.580 0.58 0
FAIEY ] o 188 [/ o o 105 0 ¢ 3 20 308 5.9 0.80 o0.58 0
LAFI ] ] o 7.68 [ [ o 10.5 /] 0 Jo 70 140 5.9 0.8¢ o0.58 o
31wt 7.58 0 0 o 10.5 /] 0 ¢ 249 (4 Jos 5.9 0.80 0.58 [}
231vc 7.88 ¢ ¢ 0 10.5 0 0 0 20 o 40 5.9 0.80 0.58 o
[AFE o 0 7.58 0 [ g 10.5 a 0 240 4 Jos 5.9 0.80 0.58 a
LAY o 7.88 ¢ 0 o 19.5 [ 0 240 o 140 5.9 0.8¢ 0,58 I
My .88 [4] 0 [ 10.5 [ [ 0 30 210 308 5.9 0.80 0.5 a
131w 7.88 0 [ [ 10.5 o o 0 30 210 140 5.9 0.80 0.58 a
111 1.1% o [ [ 10.5 o /] [ Jo 210 a8 5.9 0.80 0,58 o
2w 3.5 0 ¢ 0 105 g 0 0 210 140 5.9 0.80 0.58 [/
313 o 7.88 [ [ [ 10.5 o o 3 210 a8 5.9 0.80 0.58 ¢
il 0 7.88 [ 0 [ 10.5 [} 0 30 210 140 5.9 0.80 0.58 [
N1IW [ 3.1% o 0 g 10.5 [ o 30 210 o8 5.9 0.80 0.58 [
NI o 3. [/ 2 0 1.5 0 ¢ 3 140 5.9 0.80 0.58 [
21343 7.88 (4 [ 0 10.5 [ a a 10 70 308 2.9 0.70  0.19 [
1341 7.88 0 0 ¢ 0.5 0 0 o 10 20 140 2.9 20.7¢0 0.19 [
Zil43 3.15% [ o [ 10.5 0 /] 0 Fiy 20 Jog 2.9 0.0 0.19 ¢
1143 115 0 ] 0 10.5 0 0 ¢ I 0 40 2.9 0.70 0.19 0
1333 7.88 0 o 0 105 0 0 o 10 20 308 2.9 0.720 0.69 0
FALY 7.88 (4 o 0 10.5 [/] o [} i) 70 140 2.9 8.720  0.5% 1]
2113 318 0 0 o 10.5 0 0 ¢ 0 308 2.9 0.20 0.69 ¢
15 LIS 0 0 o 105 0 [} 0 I 70 140 2.9 020 0.69 ¢
X313 e r.88 0 0 o 0.5 0 0o 10 20 308 2.9 0.720 0.69 0
3! ¢ 7.88 0 0 o .5 0 ¢ 20 40 2.9 0.720 0.69 a
X133 [ 3.15 o [ [/ 0.5 [ [/} 10 0 a8 2.9 0.0 0.69 a
x13i e 115 0 [/ o 105 0 o 70 140 2.9 0.720  0.69 0
w313 ¢ [/ e 2.8 0 0 ¢ w5 10 70 308 5.9 0.80 0.58 0
W3l 0 0 ¢ 7.8 0 0 ¢ ws 1 70 140 5.9 0.80 0.58 0
¥113 0 0 o 3115 ¢ 0 ¢ 0S5 I 70 308 5.9 0.80 0.58 0
w11} 0 0 0 315 0 [} 0 w5 70 49 5.9 0.80 0.58 0
313 .58 0 0 0 105 0 [} o 10 70 308 5.9 0.80 0.58 0
2311 7.88 o 0 (4 10.5 [ 0 /] 10 70 140 5.9 0.80 0.58 0
2113 3.8 ¢ 0 2 0.5 ¢ 0 ¢ 10 70 308 5.9 0.80 0.58 ¢
I 3.5 [/ 0 ¢ 105 0 0 0 10 20 149 5.9 0.80 0.58 ¢
0313 0 o 2.88 0 o o 1.5 o I 20 o8 5.9 0.80 0.58 0
031 0 o 788 0 ¢ 0 1.5 e w0 M40 5.9 0.80 0.5 0
0113 [ 0 3.15 0 [ [ 10.5 /] 10 70 Jos 5.9 0.80 0.58 o
[173 5] o 0 315 o [ [/ 10.5 Q i) 70 140 5.9 0.0 0.58 o
13 N | 0 0 o 105 0 0 70 308 5.9 0.80 0.58 0
5 ¢ 2.8 [} 0 o 1.5 0 I ] 70 140 5.9 0.80 0.58 0
X113 2] 3.15 1] 0 o 10.5 [ o w0 70 308 5.9 0.80 0.58 o
il o 3 [/ 0 o .5 0 o o 70 140 5.9 0.80 0.58 0
201130 3.15 o 5.40 o 10.5 o 8.0 [ ¢ 70 308 5.9 0.80 0.58 20
201110 3,15 0 5.40 0 10.5 [ 18.0 [ 10 70 140 5.9 0.80 0.58 20
NO1130 0 3.15 5.40 o (4 10.5 18.0 (4 10 70 Jos 5.9 0.80 0.58 20
01110 0 315 5.40 0 0 1.5 180 o 1 70 140 5.9 0.80 0.58 20
23130 .88 0 [/ 0 1.5 0 0 0 70 308 59 0.80 0.58 20
3w .88 o o o 10.5 o o o i) 70 140 5.9 0.80 0.58 20
21130 3.15 0 [ 0 10.5 o [ /] 10 70 308 5.9 0.80 0.58 20
3130 o 288 0 0 ¢ 105 0 o 0 70 308 5.9 0.80 0.58 20
X310 o 7.88 ¢ 0 ¢ 1.5 0 o 1 70 Mo 5.9 0.80 0.58 20
¥1130 o 3.15 [ o o 10,5 o (4 10 70 Jos 5.9 0.80 0.58 20
N11i0 o 3.15 (4 o o 10.5 [ o 10 7o o 5.9 0.80 0.58 20
an113 0 540 315 0 o 180 105 o 10 20 308 5.9 0.80 0.58 0
oxIl 0 540 315 [ ¢ 180 105 0w 70 140 59 0.80 0.58 0
Z0113  3.15 2 5.4 ¢ 105 & 180 o w 720 308 59 0.80 0.58 0
20111 3.15 0 5.4 0 105 ¢ 18.0 ¢ w 70 40 59 0.80 0.58 0
X013 0 315 5.4 0 o 0.5 180 o 10 70 308 59 0.8¢ 0.58 0
w0111 ¢ 1 s 0 o 105 180 ¢ 0 70 Lo 5.9 0.80 0.58 d

For all cases : IE. .
fac

2 2
= .61 iWin A’,Ur-ﬂ.ﬂ ¥im X and @

0
=22 C

i set Wi



TPD nummer

712.003 blad - 113
Category c-3 Offices light weight
wode! ‘us Am ‘n A" ‘fs ‘f n Afe J'fw oint

W] ] ) ] ) ) ] ]

3L .88 [

[ o 105 [ [ ¢ W
313t /.88 0 [} o 10.5 [ 0 o 308
N3l 0 7.88 4 0 0 10.5 ] ¢ 140
N313L 0 7.8 4 0 0 105 0 0 8

2 2 0
For all cases U =061 Wfm K, U -« 061 WK 0 =22 C,z=0.58 g=0.80,
fac r i ser day

2 3 2
U =5.98/pK, V ~-10mth v =700/h, A =0m
L 4 n m r

Category c-§ Offices extra heavy weight

A A A
model A“ Am A-e ‘n ‘fs fa fe fw ant

2 2
] ) ) () (] ] ] ] V)

314 7.88 0 [ a 10.5 [ 2 o 140
313k .88 0 0 0 10.5 0 0 o g8
N3N o 2.8 0 4 o 105 [4 o I
N3N o 7.88 [ 0 g 0.5 2 o0 308

2 2 o
For ail cases ¥ = 0.61 Klak, & = 0.51 Kim K, 0 =22 r, 2058, g=0080,
fa r i get, WH

3
w-s.ywnzx, vn=10oth vo=700 /b, A elnm
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APPENDIX 3

Listing of the FORTRAN version of the TPD Correlation based Multizone
calculation method TCM-heat.

This version has been written for the calculations with TCM-heat described
in chapters 7 and 8 only.

-No attempt has been made to produce a complete, widely applicable and
user-friendly software version.

The listing of this FORTRAN-version is purely informative.
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Program TCMHEAT
Created B70819
Version 87/12/04 TCMHEAT1:
max. number of zones extended.
other orientations added.
input changed. for test: TCM.IN1 available
climate as separate input file. For test: TCM.TRY1 available.
Author: H.A.L. van Dijk
Copyright:
TNO Institute of Applied Physics
Stieltjeswveg 1, Delft, The Netherlands
Calculation of the HEAT requirements and temperatures in a Multizone situation
according to the TPD Monthly based calculation Method.
See publication IEA Annex XII, Step 5, December 1987

e e e e e e e e e e de e e e de e de e dede e e e e de de e de v do e de de s dede e dede de g de e de dede do e e e e de dede dode e dode de dede dededede dedede o dede ke ok

program limitations
khkkhkhkkhkkkhkhkkhkkkhkkkhkhkkkhkhkkkhkhkhkkhhkhkkhkhkhkhkikhkhkkkhkhkkkhkhkhkkkhkhkkkhkkkkkkkkkkkkkkhkkkkkkkk

see also report ! a.o. for the description of the various categories of
situations for which the given parametervalues and
equations are valid.
other limitations of this program:
* general:
- for windows and opaque surfaces: 9 orientations
have been defined: B vert. plus hor. ; opaque tilted roof
can be approximated by hor. or vert.: influence of absorbed
solar energy there is small.
- correction for cold surfaces not yet implemented:
this would require the input of all bounding surfaces; not
only surfaces with heat exchange.
this correction is needed only in case of convective heating
wvith room thermostat acting on air temp., which may lead to
uncomfortably cold zone conditions; therefore this corection
will only be used for comparison with other calculations wvhe
such combination is assumed.
* offices:
- window insulation during non office hours not yet implemen-
ted.
- for mech. vent. and internal heat: 10 working hrs. per
vorking day assumed.
Jede e do sk e e e dede e dede e e dc de sk o e e dede dede e de e e de e dede e de ok dede e dede e e dede dede e ded e dede e g e e e de e dede e e dek

declarations
e e Fe e e e e T Ttk K e ek e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ke e e e e e e e ke e e e ke ke vk e e e e dede e de e e ke ke

st s E LI ES R EEE LS ENERE B A SR LSS BE L
CHARACTER FILNAM*17,CODEB*10,CODEC*10,TEXT*78
INTEGER OR
REAL KK
DIMENSION TE1(12),TE2(12),0Q51(12,9),082(12,9),

# FQ51(12,9),FQ52(12,9),FQ31¢12,9),FQ32(12,9),

# D1(12),D2¢12),FTN1(12),FTEN1(12),FWD2(12),FTWH2(12)
DIMENSION  XUW(54),XGW(54),XRUN(54),X2SH(54)
COMMON/CLIZ0/TE(9),Q5(9,9),FQ(9,9),

# D(9),FTN(9),FTEN(9),FWD(9),FTWH(9),DTFAC(9)
COMMON/ZCHAR/AN(9,9),A0P(9,9),UFAC(9),URO0F(9),ABSF(9),ABSR(9),

# UAADJ(9,9),AFL(9),UFL(9),YGRC(9),YGRE(9),TGR(9) ,HL(9)
COMMON/ZCOND/TI(10),TIOLD(9),TA(9),TG(9),TIMIN(9),TISET(?),

# TISNWH(9),QII(9),QI5(9),V(9,10),VM(9,10)
COMMON/VWIZO/KW(9),UW(9),GW(9),R(9),2(9)
COMMON/METH/KCAT(9),CN(9),CNWH(9),KK(9),DD(9),QL(9),QLREAL(9),

# QG(9),QHD(9),GLR(9),CG(9),DTR(9),DTA(9)
COMMON/ZTOT/QLT(9),QLRLT(92),QGT(9),QHDT(9)

COMMON/BLD/ QLB(12),QLRLB(12),QGB(12),QHDB(12)
COMMON/BZTOT/QLBT,QLRLBT, QGBT, QHDBT
Characteristics of window combinations, type (KW) 1-54 :
types 1-20 : see report table 9 (used for category -a-)
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types 21-25: windowtypes used for category -b- ,
see table 11
types 26-30: values for a North orientation
types 31-35: values for a South orientation
types 36-40: not used
types 41-45: values used for category -c-, see report table 12
types 46-55: values used in the verification (chapter 7) and
in the sensitivity studies (chapter 8 of the report)

DATA XUW/7%5.9,3.6,5.9,3%3.2,1.8,2.2,2.2,3.2,3.2,3%0.,
5.8,2.9,0.,1.9,1.4,5%0.,5.8,2.9,0.,1.9,1.4,
5%0.,5.9,5.9,2.9,2.9,0.,2.9,2.9,2.9,2.9,0.,

1.8, 1.8,1.8,1.8/

DATA XGW/7%.80,.71,.80,3%,70,.66,.57,.57,.70,.70,3%0.,
.78,.64,0.,.56,.49,5%0,,.82,.71,0.,.62,.54,
5%0.,.80,.80,.70,.70,0.,.70,.70,.70,.70,.00,
.58,.58,.58, .58/

DATA XZSH/1.,.58,.58,.59,1.,1.,.5%,.70,.59,1.,.69,.7,1.,1.,.81,
.67,1.,3%0.,
.56,.70,1.,.77,.76,5%0.,.56,.68,1.,.74, .81,
5%0.,.58,.21,.69,.19,0.,.68,1.0,.68,1.00,0.,
.76,1.0,.76,1.00/

DATA XRUN/1.,1.,.75,.61,.64,.41,.47,.58,.44,1.,1.,.63,1.,1.,.82,
.59,.66,3%0.,
1.,1.,1.,1.,1.,5%0.,1.,1.,1.,1.,1.,
5%0.,1.,1.,1.,1.,0.,.78,.78,1.00,1.00,0.,
.85,.85,1.00,1.00/

control of files

FokFk KK KKK A I FFAI KA KAAKIRKA KK KKK IR IKK KKK R KK KKK F KK KKK FK Fe e o dede d ko Fod de e dode ke e o dodk e

LFNIB =10

LFNIC =20

LFNU =30

LFNT1=3

LFNT2=LFNT1

OPEN(LFNT1)

OPEN(LFNT2)

T A kL

2 = W

= W W

WRITE(LFNTZ2,1)
1 FORMAT(’ give name of input file building data‘’,/)
READ(LFNT1,FMT='(A)’,IOSTAT=I0S) FILNAM
OPEN(LFNIB,FILE=FILNAM,STATUS='0LD’ ,I0OSTAT=I0S)

WRITE(LFNT2,2)
2 FORMAT(’ give name of input file climata data’,/)
READ(LFNT1,FMT='(A)’ ,IOSTAT=I0S) FILNAM
QOPEN(LFNIC,FILE=FILNAM, STATUS="0OLD’,I0STAT=I0S)

WRITE{LFNTZ2,3)

3 FORMAT(' give name of output file’,/)
READ(LFNT1,FMT='(A)’ ,IOSTAT=I0S) FILNAM
OPEN({LFNU,FILE=FILNAM, STATUS="OLD’,IQSTAT=I0S)

e sk ok ok ke ok ok o ok ke ok gk sk ok ek ok ok ok ok ok sk ek ke ok ke ok ke ok Aok ek ok ko kK ok
Fdekkdkh Rk kK kTk TR Rk KKKk kR Rk Rk Rkok Kk ko ok Kk ok ek ok ok ok ok
KCATB: 29 or less: dwelling

30 or greater: office
MSTART,MEND: first and last month of calculation (e.g.: 10, 4 = oct.l-apr.30)

WRITE (LFNU,600) KCATB,MSTART,MEND
600 FORMAT ('O general category:’,I5,/,
# * first month :',I14,/,
# r last :,I4)
& ok e e e sk Tk J ke ok o o ok e ke e o e o ke e ke ke o e sk ok ok ok e vk e vk T 7 T v ke ke ok ke ok o ok e e e o o e ok e T ok e ok o ok e o e e ok e ek ek ke de ke ke okeok
input of climata data
wvarning: for the time being only one type of climate:
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either "dwelling" or "office" climate data can be used for the
wvhole building

READ (LFNIC,*) CODEC

IF (KCATB.LT.30) THEN

VRITE(LFNU,1050) CODEC,(M,M=1,12),

# (TE]-(H),H=1112)1 ((QS]-(H’OR)1H=1’12)10R=1|9)1

# ((FQ51(M,0R),M=1,12),0R=1,9),((FQ31(M,0R),H=1,12),0R=1,9),

# (D1({M),H=1,12), (FTN1{M),M=1,12), (FTEN1(M),M=1,12)
1050 FORMAT('0',Al0,/,

# * month :',1218,/,

# ' Te :',12F8.1,/,

# 9(' Qs (or.):',12F8.1,/,),

# 9¢(’ Fq5(or.):',12F8.2,/,),

# 9(' Fq3(or.):',12F8.2,/,),

# D :',12F8.1,/,

# * FTn :7,12F8.2,/,

# * FTen :',12F8.2)

WRITE(LFNU, 1051) CODEC,(M,M=1,12),

# (TE2(M),M=1,12), ((Q52(M,0R),M=1,12),0R=1,9),

# ((FQ52(M,0R),H=1,12),0R=1,9), ((FQ32(M,0R),H=1,12),0R=1,9),

#  (D2(M),M=1,12),  (FWD2(M),M=1,12),  (FTWH2(M),M=1,12)
1051 FORMAT('’'0’,A10,/,

# ‘* month :/,1218,/,

# ' Te :7,12F8.1,/,

# 9(* Qs (or.):7,12F8.1,/,),

# 9¢(* Fq5(or.):',12F8.2,/,),

# 9(’ Fq3(or.):',12F8.2,/,),

# ' D :1,12F8.1,/,

# ' Fud :1,12F8.2,/,

# ' FTwh  :’,12F8.2)

ENDIF
Fhkhhkhhkkhkhhhkhkhhkhkhhkhkhkhkhhkkhkhhhkhkkhkhkhkhhhhhkhkhkhhkhhkhhhhhhhihhhdikiihkddhikikkkkiik

- numerical calculation control data
Fdde e hddedk ek ke dd et deok etk kgt g ek gk ek e de g ke ket ded ok dede e dede ok e deok e ok
NITER=max. nr. of iterations (e.g. 100)
BALCRI=iteration criterium in degrees C (e.g. .001)
KOUT=1: temperatures during iteration are listed in output(only for
error-detection!!)

ek e ke e e ke T e e e ke ke ke ke ke e ke vk e ke Tk ke e ke ke ok ke e ok ke ok ke ok ke ke ok e ke ok ok ke ok ok ok e ok e ok e e e ke ok de ok e vl e ke ok e e ke e de ke e ok e ke

collect building characteristics, total and per zone;

determine occupants‘behaviour;

determine heating system and control.
Ak kA Ak IIRIAAERRRIAIRIIAh* kIR Ak kI h kR hhkhhhkhhhrhkkrhhhkkhrkhkkhhrkhhkhrrhkhhx

NIR=number of zones

DO 10 IR = 1, NIR

KCAT=category, see explanation further on

TISET= min. thermostat setpoint; will be ignored in case of category
for unheated zones.
TISNWH=set min.temp.during non-office hours (offices; other cate-

gories: zero value).
NOR= number of orientations with window and/or wall and/or roof
(of this zone)
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READ(LFNIB,*) IHE,KCAT(IR),TISET(IR),TISNWH(IR),NOR
check:
IF(IHE.NE.IR) GOTO 99
DO 6 IHE = 1, NOR
A=area, W=window, OP=opaque
orientation:1=5, 2=SE, 3<E, 4=NE,etc.,... 9=Hor.

AW(OR,IR) =AHEl
AOP(OR,IR)=AHE2
6 CONTINUE
KW=window type number (see data), U=U-value, ABS=solar abs.coeff.,
FAC-facade, ROOF=roof (flat roof only, see "Limitations™ above.

IHE=KV(IR)

UW(IR)=XUW(IHE)

GV(IR)=XGW(IHE)

R{IR)=XRUN(IHE)

Z(IR)=XZSH(IHE)

Fl=groundfloor,

GR=ground, Y=conductance from bottom of floor to:

C=ground water with constant temp. TGR, E=to outdoor temp.

UFL=U-value excluding outdoor surface coefficient, because ground-
floor is connected to the ground conductances YGRC and YGRE, not
to outdoor.

If no ground floor: zero values.

UAADJ=UA to/from adjacent zones
Attention: in case less than 9 zones: add zero values to get
still 9 values per line.

QII=internal heat, mean value in W., for dwellings: mean diurnal,
for offices: mean during 10 working hours.

V= ventilation, mean diurnal values;"from zone 10" is "from outdoor".
Warning: only ventilation TQ the zone; FROM the zone is to be
ignored. Value in m3/h,
Attention: in case less than 9 zones: use zero values for the
ventilation from non-existent zones.
Ventilation from outdoor ALWAYS THE TENTH NR. OF THE LINE !

VM=mechanical vent., only during 10 working hrs.per working day.(cat.C);
other categories: fill in zero values.
Attention: see above (input V )

10  CONTINUE
e 3 e e e e e sk ok ok e o ke e dhe e ok ke e ke ok ke ok ke ok ok ke ok sk ok ok ok ok ok o ok e ok ok ek ke ok ok e e ek ok e e ek ke ek e e de e e e e e de ek e ek ok

output building data:
ek ok e sk ek ek e ok ek e ok ko ek sk sk ok ok e ok ok e ok sk sk ok koo sk ook ok ok ok ek ok o ok ok ok ek ek
reset values summated for whole building:
HTWB=0.
HTOPB=0.
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HTAB=0.
HTFB=0.
HVEB=0.
HVAB=0.
HTOTB=0.

heading :

WRITE(LFNU,1150)

1150 FORMAT(’'0QO Output main thermal characteristics, per zone:

$ ! Sum of nominal heat loss coefficients (W/K)
I Nominal: no correction for night insulation
$ no weighting with temp. adjac.zone,a.s.
[ to outdoor: gr.floor: to other zones:
# ' Zone Transmiss. Vent. Transm. Transm.Vent. Total
[ 2 Vind. Opag. floor
per zone:
DO 61 IR=1,NIR
HTW=0.
HTOP=0.
HTA=0.
HVE=0.
HVA=0.
HTOT=0.
DO 62 OR=1,9

62

63

HTW=HTW+AW(OR,IR)*UW(IR)
IF (OR.LE.8) THEN
HTOP=HTQP+AOP(OR,IR)*UFAC(IR)
ELSE
HTOP=HTOP+AQP(OR, IR)*UROOF (IR)
ENDIF

CONTINUE

HTF=AFL(IR)*UFL(IR)

DO 63 J=1,10
HTA=HTA+UAADJ(IR,J)
IF (J.LE.9) THEN

HVA=HVA+.336*V(IR,J)+.336*VM(IR,J)*(10./24.)

ELSE

HVE=HVE+.336*V(IR,J)+.336*%VM(IR,J)*(10./24,)

ENDIF
CONTINUE

total for this zone; indiscriminate of temp. differences,a.s.!!:

HTOT=HTW+HTOP+HTA+HTF+HVE+HVA

addition to values for whole building; indiscrim. of zone temperatures!!:

1151
61

5

HTWB=HTWB+HTW
HTOPB=HTOPB+HTOP
HTAB=HTAB+HTA
HTFB=HTFB+HTF
HVEB=HVEB+HVE
HVAB=HVAB+HVA
HTOTB=HTOTB+HTOT

WRITE(LFNU,1151)IR,HTW,HTOP,HVE,HTF,HTA, HVA, HTOT
FORMAT(' ’,I5,4F6.1,4X,2F6.1,F8.1)

CONTINUE

WRITE(LFNU,1152) HTWB,HTOPB,HVEB,HTFB,HTAB, HVAB, HTOTB
1152 FORMAT(’ ',/,’ ",47('-*),/, ' ',’total’,4F6.1,4X,2F6.1,F8.1)
b B B g T T T e LS
monthly calculation
Rk ko dkh ko dkhd ko ko ko ok ook ok ook ok ok ok e ok ok ok ek ek ek e ek ek

reset of total values for the heating season:

DO 51 IR=1,NIR
QLT(IR)=0.
QLRLT(IR)=0.
QGT(IR)=0.
QHDT(IR)=0.

CONTINUE

QLBT-=0.

QLRLBT=0.
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QGBT=0.
QHDBT=0.
s de e ek Ak e de ek e ok ek ok ok kAR ek ok ok ke e e ek ek ek kb ko kk ko kk kA kA ke kk ok k

start month loop:
o e e e o e o e ek de e gk ke ek ok sk ek ok ok ke ok e ok ke e Ak e Ak ek ket ok ke ke
MTOT=MEND-MSTART+1
IF (MTOT.LE.O) MTOT=MTOT + 12
DO 100 MRUN = 1, MTOT
M=MSTART+MRUN-1
IF (M.GT.12) M=M-12
DO 101 IR = 1, NIR
oo de e e ek e e e e e e e e e e e ek e ek ke A Aok ke ok ok e de ke etk ok ok ek ok ok ok ek ok ke
determination of parameters for the given category
e e e ek e ook ek ek Aok e ok ek ko ok ok ok ek ek ok ke ek Ak ket ek ook ok ek dek ko ok ok k ko kok ok kok ok ok
CAT=A : dwellings, convective heating thermostat controlled by air te
(10-19) no extra vent. above 26 C, solar shading at
300 W/m2 level (if present)

10-=4A0: unheated.
11=Al: masonry type, night set back
12=4A2 masonry type, continuous heating
13=43 vooden frame type, night set back
l4=A4 wooden frame type, continuous heating
IF(KCAT(IR).EQ.10) THEN
CN(IR)=0.
CNWH(IR)=0.
KK(IR)=0.
DD(IR)=0.

ENDIF
IF(KCAT(IR).EQ.11) THEN
CN(IR)=0.91
CNWH(IR)=0.
KK(IR)=1.36
DD(IR)=0.29
ENDIF
IF(KCAT(IR).EQ.12) THEN
CN(IR)=0.97
CNWH(IR)=0.
KK(IR)=1.35
DD(IR)=0.27
ENDIF
IF(KCAT(IR).EQ.13) THEN
CN(IR)=0.88
CNWH(IR)=0.
KK(IR)=1.22
DD(IR)=0.13
ENDIF
IF(KCAT(IR).EQ.14) THEN
CN(I