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Abstract

This study defined, derived and calculated the efficiency of electrical energy use in electrically heated windows which may be used for
improving thermal comfort near glazing. In a cold climate, a warm glass surface is a unique possibility for thermal conditioning. The effects
of surface and outdoor temperatures andhealue of the window on the efficiency of a heated window were analyzed. The calculated
results were compared to previously measured ones. The efficiency of a common heated windourvéathexof 1.1 W/nd K was about
78% at an outdoor temperature -61.0°C. The highest efficiency of 89% was calculated for a highly insulated window. Efficiency was
proportional to the outdoor temperature and practically independent of the inner surface temperature of the window, the effect of which
was less than 1%. The correlation of the calculated efficiencies shows that efficiency is primarily dependedtaltkef the unheated
window and can be expressed with very good accuracy for engineering purposes by a simple linear equatigrvalubeThe results
show that heated glazing is an efficient method for thermal conditioning when properly used.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The objective of the study is to determine the efficiency
of heated windows with respect to electrical energy use. As

The efficiency of electrically heated window panes which a heated window is a mixture of a heating device and a

are designed for improving thermal distribution in a room window, first, a relevant definition for efficiency is needed.

is analyzed in this paper. In recent years electrically heatedWhen a general equation for efficiency is derived, previously

windows with a heat output controllable within the range of measured results are compared to the calculated efficiencies.

50-600 W/nd have become available as standard products. The effect of the surface and outdoor temperatures and the

They are used as comfort devices, i.e. they do not usually U-value of the window on the efficiency of the heated win-

replace other heat sources. In a cold climate, a warm win- dow are shown. The results may be utilized as the basis for

dow surface presents unique possibilities for thermal con- design principles for heated windows.

ditioning. Cold windows with a pood-value have always

caused drafts and asymmetrical radiation. This is especially

o) vyhen the glazing is high, and in this case even radiatorsy  Eormulation of U-values and efficiency

positioned on the floor cannot stop the formation of drafts.

_The principle of a heated window is very simple: an elec- g _yalye is commonly used to describe conduction
trical current is switched to the selective layer of a common |osses in building envelope parts, i.e. for wall structures with-
pane; no additional layers are usédj. 1 Basically, the en- ¢ internal heat gains. In such walls, heat flux is constant

tire glazing unit can be heated and may even be used as g the steady state) in every layer. In a heated window, elec-
primary heat source. To achieve the optimal use of energy jca| heating power is switched to the selective layer of the
and for reasons of economy, the glazing can be divided into yhe This means that the heat fluxes in the inner and outer
unheated and heat_ed zones. The location and d|men3|on|ngbaneS are not equal and have commonly reverse directions.
of the zones are discussgtl. When properly located, the Thus, theU-value which has physical meaning is to be de-

horizontal heated zones will avoid drafts and asymmetrical fineq hased on the heat flux from the outer surface, as shown
radiation heat transfer caused by the cold glass surface. Fig. 2. It should be noticed that tHe-value stated for the

inner surface would have a negative value.
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Nomenclature

b width (m)

Cp specific heat capacity (Jk§K—1)
g gravitational acceleration (nT$)
Gy Grashof number Gy = gBH3(Ti—T;)v™2
h heat transfer coefficient (Wn$ K1)
H height (m)

Nu Nusselt number Nee heHA 2
P heat output (W m?)

Pr Prandtl number P pcpat

Q heat loss (W m?)

Ra Rayleigh number Ra Pr Gy

T temperature (K)

U thermal transmittance (Wn$ K1)

Greek letters

e emissivity

B volumetric thermal expansion
coefficientg = Tip~t (K~1)

n efficiency

A thermal conductivity (W m®K~1)

v kinematic viscosity of air (rhs™1)

m viscosity of air (kgntls1)

o Stefan—Boltzmann constant

Subscript

Add additional

c convective

i index

in indoor

] index

out outdoor

r raditation

Superscript
off heating off
on heating on

Low emissivity layer
(oxidised metal)

Inner

pane \

Outer

/ pane

Electrode j
_ AC —

Fig. 1. The principle of electrically heated window.
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Fig. 2. Heat fluxes in the heated windoWis electrical heat output to the
selective layer an@;, heat flux from the inner surface to indoors (Wjm

whereU is U-value (W/n?, K), superscript ‘off’ refers to
an unheated window (a common window or heated window
switched off) and ‘on’ to a heated windowWQoy: is total
heat loss, i.e. heat flux from the outer surface (W/and
Tin—Tout is the difference between the indoor and outdoor
temperatures.

U°" is dependent on heat output r&eHowever, its def-
inition (Eq. (1) is justified as it gives the total heat loss
through the window. There is no definition available for the
efficiency that has become established in use. It does not
seem relevant to use the effectiveness of a heating device
for a heated window. Effectivene&,/P will almost always
have a value of less than 50%. As we are speaking about
windows with a heating feature, we are basically interested
in additional heat losQagdq caused by heating

Ondd = 0% — 05 (2)

Unfortunately, Qagg cannot be used as a general perfor-
mance factor because it is strongly dependent on the heat
output rateP. The more the window is heated, the higher
the value ofQagq is. Thus, the efficiency should be defined
in relation to the heat output rake

The efficiency can be derived by comparing two different
heating setups which are shownHig. 3 These setups can
also be used for experimental measuring of the efficiency.
In Fig. 3, the heated window is combined with convective
heating where heat is introduced directly into the air volume.
In the first setup there is convective heating only and in the
second setup, in addition, the window is heated. The heat
loss through the walls is set to zeKkQ £ 0) as this term is the
same in both setups and will cancelled out in the derivation
of efficiency, as can be seen frdag. (3)

The efficiency can be expressed as the difference between
the convective heat terms needed to maintain the same in-
door temperature in relation to the electrical heat output
(Qoff —Qon = P meansy =1).

Qoff _ Qon
n= P 3)
By expanding the terms ikq. (3) by substituting the heat
balance of indoor air and the heated window showrign 3,
one obtains
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1) Unheated window 2) Heated window

Chamber wall

07— =0 0" +Qy =0
P-0Q' -0, =0
Fig. 3. Derivation and measuring the efficiency by comparing the additional heat loss caused by electrical heating of the window to case with convectiv

heating and unheated window. (1) Heat balance of a fully convective heating where convective heat is introduced directly into air. (2) Heated window
and positive or negative convective heat output for maintaining the same indoor air temperature as in (1), and heat balance for air and heated window.

poff — gon 8Ht+ oon le;ft_,_ P— Q9 ference in energy balance is an additional term of electrical
n= P = P = P power.Fig. 4 shows the RC-network model for a common
triple-glazing type window.

on off
_ Qout — Qout
P

=1 (4) Energy balance equations for each unknown temperature

T taking into account the notations shownHig. 4 become
The last form ofEq. (4) can be stated directly, based on

an additional heat loss in the heated window: the efficiency [ (72~ TDU2 + (he1 + hr)(Tin — T1) = 0
is equal to 1 minus the additional heat loss in relation to ) (I1 — T2)Uz2 + (hea + hr3) (13 — T2) = —P
the electrical heat output. The second expressidagn(4) (T4 — T3)(hca+ hra) + (hez + he3)(To — T3) =0
gives a useful formulation: efﬂ_men_cy is the proportion of (Tout — To)hout + (hea + hra) (T3 — Tg) = 0
the electrical heat outpuP which is used to cover the
heat losses of the window and for the heating of the room. Where temperatur&is the surface temperature for the inner
Furthermore, the derived efficiency has two important prop- pane and the average temperature of the other two panes,
erties making it possible to use it as a general performanceis the convective heat transfer coefficient on surfaces and for
factor that describes the energy performance of the heatedhe space between the panlasis the radiation heat transfer
window in all conditions: coefficient respectively, and. is the thermal transmittance

of the inner pane. To solM&q. (5)an iterative procedure is

« Efficiency shows how much of the of the electrical power e deq as heat transfer coefficients have nonlinear behavior.
is used to cover the heat losses of the window and for Radiation heat transfer coefficients

heating the room (expressed as a percentage). 4 4
- ) ; : T4 — T¢

o Efficiency is approximately the same for the same window hy = o i j
type regardless of the electrical power rate. A/e)+A/e)) =1 T; = T;

()

(6)

whereh, is the radiation heat transfer coefficient between
facing surfaces andj (W/m2K), o Stefan—-Boltzmann con-
3. Calculation procedure of U-values and efficiency stant 5.67x 10~ (W/m?K#), T; andT; absolute tempera-
tures on surfaces (K) ang ande; emissivity factors of the
The heat transfer process in a heated window is basically surfaces. The same emissivity factors are used for heated
similar to heat transfer in a common window. The only dif- and unheated windows because the temperature levels are

Inper pane Middle pane Opter pane
1 1

Inner surface Space 2 Outer surface
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Fig. 4. RC-network model of a triple-glazing window. In an unheated ¢ase0.
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relatively low in both cases (the temperature for heated win- Table 1
dows does not commonly exceed4T). Heat output to the room as a function of temperature difference between
The values of convective heat transfer coefficients on sur- surface temperatur®; and indoor temperature calculated wiys. (6)

. " and (7)
faces depend on indoor and outdoor boundary conditions.

We considered free convection on an inner surface without Temperature difference

Heat output to the room

; 2
any disturbance caused by indoor airflows and a constant(surfaC&'ndoor)’ (©) (W)
value for the overall heat transfer coefficient on the outer 3(2) 8
surface. The convective heat transfer coefficient on an inner 720
surface for the turbulent flow regidg]. 20 162
A
he = O.lORa}fﬁ ©)

ommended as the comfort temperature because the surface
where Ra is Rayleigh numberj thermal conductivity of is not perceived as being cold when touched, and the asym-
air (W/m, K) andH height of the window (m). A constant  metrical radiation temperature difference is low. This tem-
overall heat transfer coefficiefi,y: = 25 W/n? K is used perature range also seems to be most often used in practice.
[3]. Comapred to EN 6784], Egs. (6) and (7}end to give The effect of the temperature of the inner surface on the
slightly higher thermal resistance for the inner surface (0.16 efficiency is shown irFig. 5 for a double-glazing window
versus 0.13 AK/W at rating conditions for windows with  with three surface temperatures. This window has a selective
U = 1.1 W/n?K), but the constant value used for the outer layer with emission factar = 0.2 and théJ-value is within
surface is the same. the range of 1.97-1.73 WAK at an outdoor temperature
The correlation equation for convective heat transfer in of —20 to +10°C respectively. The indoor temperature is
the space between the panes should apply for studied heighR0°C. Fig. 5shows a significant outdoor temperature depen-
and width ratio andRanumber. In this study, the equation by dency for the efficiency. The optimal surface temperature in
Elsherbiny et al[5] was used, the performance of which was respect of efficiency is a function of outdoor air tempera-
shown in[6] by U-value measurements of a krypton-filled ture. However, the effect of the surface temperature is less

window than 1% in efficiency.
438,1871/18
NU = [1 + (0.022R&*35) 18118, 4.2. Comparison to convective or radiator heating
H
— =80, Ra<3x10 (8) . , ,
b The efficiency of a heated window depends on the heating

system used in the unheated case. The heating solution may
have an effect on the convection on the surface of the win-
dow. In this studyeq. (7) which is an equation for free con-
vection without any disturbance caused by indoor airflows,

where Nusselt numbeXu = hcH/A is the dimensionless
convective heat transfer coefficient dmthe space between
the panes (m).

4, Calculation of efficiency 0.71

Double-glazing, Air
P = 25...230 Wim®

0 70 - x i L VS S S S NPT TP PO - JPCE S ST S CCEEPIS

The following window and boundary conditions are con-
sidered:

e A double- or triple-glazing type window with 15 mm
space between the panes.

The height of the panes is 1.3 m.

A low emission selective layer on the outside surface of
the inner pane with emission factoe= 0.04 and emission
factor for the other surfaces is= 0.84.

e Thermal transmittance of the inner pade = 0.8/0.004

= 200 W/n? K.

An indoor air temperature of 2@ and an outdoor tem-
perature within the range 620 to+10°C

Etticiency, -

4.1. Inner surface temperature 20 -15 -10 5 ] 5 10
Outdoor air temperature, °C

The choice _Of an approprla.te temperaturg for the inner Fig. 5. The dependency of the efficiency on outdoor air temperature and
surface of the inner pang (facing the room) is illustrated  inner surface temperature in the case of a double-glazing window with
in Table 1 A surface temperature of 25-30 can be rec- U-value of 1.8 W/MK at rating conditions.
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is used for the inner window surface in both the heated and 082 225
unheated case€q. (7)is probably valid for radiant floor ﬁz‘z*g'fczi“gmf :El_'f“:'a‘fm"zK /
heating, but is not valid for radiator heating. To compare a . —a Uy, WIMPK b T—
heated window with radiator heating, it is necessary to use Ugn, Ty =20 °C “g
a higher convective heat transfer coefficient, one which is | =
caused by the convection airflow of a radiator. Khalifa and 080 175 g
Marshall[7] give the following equation for a window sur- 3, / %
face with radiator heating Sore e 150 §
o 3
he = 8.07(Tjp — T)* M © & / | £
[=]
when Eq. (9) is used instead oEq. (7) for an unheated ol ‘74‘\1“ 1'25';
window, the efficiency of the window shown iRig. 5 is 1 S
increased by about 8%. The increase is the same for a similai 0.77 1.00 5
triple-glazing window with aU-value of 1.3W/MK. The
following values are given at10°C outdoor air temperature 98 5

(being almost the same at20°C temperature) and a 2& 20 -15 -10 -5 0 5 10
surface temperature: Outdoor air temperature, °C

Fig. 7. The efficiency andJ-values at varying outdoor temperature for
triple-glazed window with air.

n = 65%— 73%h; = 2.5 — 10.2) double-glazing
n = 76%— 84%h. = 2.2 — 9.2) triple-glazing

4.3. Low emission windows and the efficiency is lower respectively. To show the behav-
ior of Ugp, Which is dependent on electrical heat output

In the following, Eq. (7)is used for the convection heat Uon is also shown for a triple-glazed window with an inner
transfer coefficient in all the cases. Therefore, the heatedsurface temperature of 2C.
window is compared in all the cases to fully convective  The variation of efficiency is only about 2-3% when con-
heating. The efficiency ant-values at varying outdoor  sidering the outdoor temperature range-&f0 to 0°C.
temperature are shown fRigs. 6 and 7or two common An essential way of reducing heat losses and increasing
window types at a 25C inner surface temperature. The efficiency is to use highly insulated windows. The highest
double-glazed window filled with krypton actually shows calculated efficiency is shown iRig. 8 for a triple-glazed
a slightly lowerU-value at rating conditions (@ outdoor ~ window with two low emission selective layees= 0.04
temperature) relative to the triple-glazed window with air be- and with a krypton fill. In this case, the efficiency is close
tween the panes. However, tbevalue of the double-glazed ~ to 90% and the dependency on outdoor air temperature is
window strongly increases at lower outdoor temperatures slightly lower than when compared to previous cases.

0.82 225 0.92 0.90
Double-glazing Krypton Triple-glazing(2X low £=0,04) Krypton
T,=25°C T,=25°C
4 1
0.81 A 200X i Ty — Ng
L E 0.91 — 1 080
S ] — E
——— ‘A_i,fr-*-" = F
S A A
0.80 175 § —#—Efficiency, - 8
b =4=Efficiency, - g ' 0.90 =i Uy, WIim?K 0.70 \E
§ —a— Uy, WIMK a 2 - U, WImK 2
.g 0.79 —— Ugn, Wim?K 1.50 g _E E
1]

E ° 3
& E oo [~ 0.60 g
0.78 125 & £
[ ™
> >
0.77 100 3 03

'/ \. 0.88 ‘/ \ 0.

0.76 - ‘ : , - 0.75 0.87 - . - ’
-20 -15 -10 -5 0 5 10 -20 -15 -10 -5 0 5 10
Outdoor air temperature, °C Qutdoor air temperature, °C

Fig. 6. The efficiency andJ-values at varying outdoor temperature for  Fig. 8. The efficiency andJ-values for highly insulated triple-glazed
double-glazed window filled with krypton. window.
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outdoor temperatures and for 25 and®°0inner pane sur-
face temperatures. It should be noted thatlhealues and
Two different preliminary measurement results for efficiencies are for the specific outdoor air temperatures
triple-glazing are available. The first measurements of (only some of the points are at rating conditions), which
U-values and efficiency were carried out by the Finnish means that both th&-values and efficiencies are outdoor

4.4, Comparison to measured results

Research Center VTT and these were then repeated byair temperature dependent, as shown in earlier figures.

Ihalainen[8] in another laboratory. Experimental results
for triple-glazing similar to the one shown fRig. 7 were
between 92 and 93% (at 6,10 and—20°C outdoor tem-

perature) in the measurements by VTT and about 70% (at

0 and —10°C outdoor temperature) in the measurements

According to the results ifrig. 9, efficiency can be ex-
pressed with very good accuracy for engineering purposes
by a simple linear equation

n = 0.985— 0.1750 (10)

by Ihalainen, both reporteB]. Ihalainen suspected the whereU is theU-value of an unheated window at a specific

reliability of his measurements due to the massive floor of
the test room, which possibly did not reach equilibrium
condition during the test. The measurements by VTT were
considered reliable.

The differences between the two prelimnar experiment

outdoor temperatureEq. (10) shows an error of 0.015 at

U = 0 as efficiency should be 1 & = 0. Basically, this
linear equation cannot be exact due to non-linearity in the
convective and radiation heat transfer between the panes and
on the outer surface&q. (10)applies for any outdoor air

and calculation results are significant. The calculated resultstemperature within the range-p0; +10°C] studied due to

of 78-79% in this study (showed kig. 7) are between the
results of these two experiments.

4.5. General expression of efficiency

The results show that efficiency is practically independent
of the inner surface temperature of the window, the effect
of which was less than 1%-{g. 5). At the same time, effi-
ciency is proportional to the outdoor air temperature. When
all the calculated results are plotted againstthealue of
an unheated window, the linear correlation showifiig. 9
can be drawnFig. 9 shows the efficiencies of double and
triple-glazed windows (all results frorigs. 5—J and for
highly insulated window (results frorig. 8). All efficien-
cies andU-values are plotted fo#-10, 0,—10 and—20°C

1.0

|
* T,=25°C
o Ty =20°C
0.9 —— 5 ——— . Linear (T, = 25 °C)
| e
&
§os8 —_— A -
S | *
£
w y =/-0.175x + 0.985
R?=0.984 N
1 "]
07— !
I
| |
0.6 ! |
0.0 0.5 1.0 15 20

U-value, Wim’K

Fig. 9. The efficiencies of double and triple-glazed windows filled with
air and krypton plotted against-value of unheated window at10, O,
—10 and—20°C outdoor temperatures and at 25 and®@0inner pane
surface temperatures.

outdoor temperature dependdsivalue. If aU-value only

at rating conditions is known, the efficiency is obtained at
rating conditions and the variation caused by the outdoor
temperature dependency of tHevalue cannot be estimated.

5. Mathematical interpretation of efficiency formulas

Simple and accurate correlation of the efficiency
(Eq. (10) calls for further study into the behavior of for-
mulas used for calculation of efficiency. Therefore, it is of
special interest to find out any possibility of simplifying the
formulas to form one similar t&q. (10) This is carried out
for a double-glazed window shown Fig. 6.

The efficiency is defined bq. (3) Expanding the terms
in Eqg. (3)the efficiency can be shown as a function of heat
output rate, temperatures and heat transfer coefficients

1 ff
n=1- P [ gﬂt_ qut]
1 -
=1 2| 080~ U°" (Tin — Tow | (12)
with the notations ofig. 4 Eq. (11)becomes
1 Touthout + TZ(hgn3 + h?%)
n=1——1|hou o o — Tout
P L hout + hc,3 + hr,3
1
(1/ houd + (1/(hS" + h2)) + (1/(h2% + hOT))
X(Tin — Touwv] (12)

The electrical heat output rate and temperature of the
inner pane can be calculated from an RC-network model of
a double-glazing window as follows

hout(hg's + Y%

P=(h3} + hPD(T1 — Tin) + o hOT 5 jom ¢
c,3 r,3

T — Tout)

(13)



J. Kurnitski et al./Energy and Buildings 36 (2004) 1003-1010 1009

0.82 0.14
=@ Efficiency [h(T), h{const)]
0.81 =B~Efficiency [h(T), h(T)] 0.12
~de=Error, %
0.80 0.10
2’;0_79 0.08 2
7 5
3] =
F078 0.06 W
w
: 0.77 0.04
Average convective heat transfer coefficients
between outdoor air temperature range [-20 10]°C:
he,®" = 2.06 Wim?K LR 002
05 hes™" = 1.32 W/im?K
he,™' = 1.97 Wim#K 0.75 0.00
hﬂ“” = 1.19 W/m?K -20 -15 -10 -5 0 5 10
00 Outdoor air temperature, °C
-20 -15 -10 -5 0 5 10 . - .
Outdoor air temperature, °C Fig. 12. The dependency of the efficiency on accuracy of the radiation heat

transfer coefficients. Efficiencyn{(T), h;(const)]: the constant radiation
Fig. 10. The dependency of the convective heat transfer coefficients on heat transfer coefficients and the temperature dependent convective heat
outdoor air temperature for a double —glazing window filled with krypton. transfer coefficients. Efficiencyh{(T), h;(T)]: all heat transfer coefficients

Superscript ‘on’ refers to heated window and ‘off’ unheated window. temperature dependent.
(hQ + hO) (T — Tin) transfer coefficient for the inner surface of the heated pane
="+ U (14) is constant because the temperature of the pane is fixed.
2

The radiation heat transfer coefficient for the inner surface
The heat transfer coefficients Egs. (12)—-(14)re defined of the heated pane is constant. Temperature dependence of
by Egs. (6)—(8) Temperature dependence of the convective the other radiation heat transfer coefficients is also insignif-
and radiation heat transfer coefficients is studied with the icant,Fig. 11
RC-network model shown in Chapter 3. A double-glazed By substitutingegs. (13) and (14and constant heat trans-
window filled with krypton is considered using the boundary fer coefficients intdeq. (12) the expression of the efficiency
conditions specified in Chapter 4. In addition, the surface can be simplified. Using the average radiation and convec-
temperature of the inner pane is set at@5 tive heat transfer coefficients presentedrigs. 10 and 11
The calculated convective and radiation heat transfer co- with a 25°C surface temperature for the inner pane, the effi-
efficients are shown ifigs. 10 and 11The convective heat  ciency can be given as a function of the outdoor air temper-
ature. Simplifying the efficiency with the commercial Math-
ematica 4.2 code, the equation tends to

5.0
1.
45 4 n(Tow) = 0.748+ % (15)
4.0 = where Tot is in °C. Calculating efficiency with constant
35 -a-:r; heat transfer coefficients will cause some inaccuracy rela-
- tive to the results of more exact temperature dependent heat
g8 ah transfer coefficients. The constant values of the heat trans-
E.5 fer coefficients used are average values showRigs. 10
;: Average radidtion heat transfer coefficients between and 11 The error caused by the constant radiation heat trans-
20 M°”‘ﬁ°§’:f‘:esmvsf;::"e mnge bl 103C: fer coefficients is shown iffig. 12 and the error caused by
ol h; : 0_'2 G f:on_stant convective and radiation heat transfer coefficients
hys" = 4.28 WimeK in Fig. 13
1OTT o= .24 WimK In all, error due to constant heat transfer coefficients seems
e to be insignificant, not more than 1% within the range of
R —— o interest, thus, the simplification is justified. Calculating the
0.0+ ‘ - r - - efficiency with Eq. (15) the additional inaccuracy is less
-20 #18 -10 5 0 5 10 than 0.09%. When only radiation heat transfer coefficients
Outdoor air temperature,’C are constant, the error is actually less than 0.1%. These errors

Fig. 11. The dependency of the radiation heat transfer coefficients on aré less than expected, but it is obvious that the error in
outdoor air temperature. the separate coefficients cancel each other oltgn(12)
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0.82 25 the window, the effect of which was less than 1%. The
-Efficiency [h. (const), h, (const)] correlation of the calculated efficiencies for various win-

=e=Efficiency [N(T), h(T)] dow types at different outdoor and surface tempera-

0.80 —h=Error, % 20 tures shows that efficiency is primarily dependent on the

U-value of the unheated window and can be expressed
with very good accuracy for engineering purposes by a

:>;.°'79 [ %25 simple linear equation df)-value Eq. (10) which ap-

b s plied to any outdoor air temperature within the range
& b [—20; +10°C] studied.

SRR 0 (5) Itis shown that efficiency formulas may be simplified

for a given window-type by the use of constant heat
transfer coefficients. The error caused by constant heat

o o8 transfer coefficients did not exceed 1% within the out-
door temperature range of-[L8; +3°C].

078 . _ o0 (6) Calculated efficiency values of about 80% for common

20 15 10 5 0 5 10 window-types show that heated glazing is an effective

Outodoor alr temperature, °C comfort device for thermal conditioning when properly

Fig. 13. The dependency of the efficiency on accuracy of the heat trans- used.

fer coefficients. lic(const), h;(const)]: constant heat transfer coefficients.
[he(T), he(T)]: temperature dependent heat transfer coefficients.
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