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INTRODUCTION 

Professor A. Goetzberger 

Fraunhofer Institute for Solar Energy Systems 
Oltmannstrasse 22, D-7800 Freiburg 
Federal Republic of Germany 

Sixteen month ago we had the first international workshop on 
transparent insulation materials for passive solar energy utilisation.  
That first gathering in Freiburg made us realise that there is a strong 
international, mainly European, interest in the subject and that a 
large portion of the initial research and development work was being 
carried out in West Germany. The Fraunhofer Institute for Solar En
ergy Systems has been investigating the properties and applications 
of transparent insulation materials for some years and it organised 
the the first two workshops under the auspices of the German Sec
tion of the International Solar Energy Society. 

The second workshop was held on 24 - 25 March 1 988 and its 
theme was transparent insulation materials in solar energy conver
sion for bu ildings and other applications. More and better prepared 
papers were presented this time as all of us working in the field of 
transparent insulation learned more since 1 986 and were able to see 
the directions our research should go into more clearly. Amongst the 
26 presentations Canada ( 1 ) , Denmark ( 1 ) , Sweden ( 1 ) ,  Switzerland 
(1 ), Great Britain (4) and West Germany ( 1 8) were represented. 

We listened with great interest to the invited keynote address 
delivered by Professor Terry Hollands from the University of Water
loo, one of the earliest pioneers of heat transfer in honeycombs and 
transparent insulation materials. 

There were five broad areas around which the presentations 
and discussions were focussed: materials, systems and compo
nents, simulation,  architectural aspects, p lanned projects. This struc
ture in itself was a small sh ift from that of the first workshop repre
senting the changes of emphasis in the most recent work. There 
were papers presented from the same research groups and even by 
the same people as in 1 986 reporting on most recent advances, but 
there were also new contributors some from new areas of activity, 
not represented before .  Every session had a discussion period built 
into it which was always used to the full extent . 

The closing session of the workshop provided an opportunity to 
evaluate our  efforts and to get feedback fro m  the de legates. By ma
jority consensus we decided that the thi rd transparent insulation 
workshop wil l be held in the late summer of 1 989 in Freiburg and that 
the fourth workshop will be held in the Spring of 1 991 in Bi rmingham. 

During the technical sessions of the workshop we enjoyed the 
hospitality of the Un iversity of Freiburg and the City of Freiburg gave 
a civic reception to all participants in the historic building of the City 
Hall where the Deputy Mayor gave a welcoming address. 

The burden of the preparation of the technical sessions was on 
Dr. V. Wittver and of the organisation of al l  details was on Dr. W. 
Stahl. The publ icity, printing and publication was the responsibility of 
Ms. A. Pollock. They all worked hard and brought success to the 
workshop. As co-chairmen: Dr. Jesch and I are gratefu l  to them. 
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Abstract 

Transparent insulation m ate rials 

V. Wittwer 

Fraunhofer-lnstitut tar So/are Energiesysteme 
Oltmannsstrasse 22, 0- 7800 Freiburg, FRG 

Transparent insulation materials are characterized by physical properties which place them in a 
different class to both opaque insulation materials and conventional transparent systems. From 

- -- --the geometrical-point-of-view,-four different-types-can be-distinguished. -- -

Introduction 

Transparent insulation materials are characterized by two physical properties. The first one is 
the solar transmittance T , which sometimes has to be extended to the total energy trans-" 
mittance g and the other one is the thermal heat loss coefficient u or the thermal conductivity 
A.. Both values are sensitive to a large number of variables which have to be defined exactly to 
get comparnble results. 

Different types of materials 

From the geometrical point of view, four different types of materials can be distinguished: 
structures parallel to the absorber (multiple glazings) 
structures perpendicular to the absorber (honeycomb, capillary) 
scattering structures (foams, bubbles, fibres) 
homogeneous materials (aerogel) (fig. 1 ). 

For all of these materials, specifically modified theories are necessary to describe their physical 
characteristics /1 /2/3/. Most of these structures can be made from different materials such 
as glass or plastic, and can be filled with different gases or evacuated. 

Solar transmittance and total energy transmission 

As mentioned above, the characteristic data of such a material are dependent on a large num
oer ot vanaores. The totai soiar transmittance T. can be given by the doubie integrai: 

T = e 
ff T (A,y?) l(A,y?) dAdy? 

ff l(A.,y?) dA.dy? 

where A denotes the wavelength and y? the angle of incidence and l(A,y?) is the incident in
tensity as a function of both of these variables. 

The spectral transmittance T (A,y?) is dependent on the material itself and the geometry, while 
the incoming radiation is dependent on the angle of incidence, time and weather conditions. 
Figure 1 shows the angular dependence of different materials. For the total energy trans
mittance, the surrounding conditions also become important. Typically the g-value is 5 to 1 0% 
higher than the Ta-value. The exact determination of g is difficult and up to now there is no 
standard routine for measuring it. 

· 
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Fig. 1: Transmittance in dependence on the 
angle of incidence 

Fig. 2:  Equivalent thermal conductivity of a 
honeycomb structure with t = 2 cm as a 
function of the mean temperature Tm and 
thickness L of the material. 

Malerial Thickness Tdjf f.. f 
[cm] [wm-2K-1] [cm] 

Single glazing 
no' ma I 0.4 0.78 
Jo.,.· iron 0.4 0.84 

Double glazing 
normal 1.6 0.67 5.20 
low iron 1.6 0.76 5.20 
selectively coated 1.5 0.50 2.10 

PMMA loam 
Type A1K 1.6 0.58 3.60 1.23 
Type A2K 1.6 0.48 3.10 0.76 
Type C 1.6 0.60 3.50 1.12 
.. •· plastic film coated 1.6 0.53 3.50 1.12 

Capillary structure 
PC 1.7mm diameter 6.0 0.63 1.45 1.16 
PC 1.7mm diameter 10.0 0.60 0.79 1. 16 

Honeycomb structures 
5-inusoidal PS 10.8 0.66 1.28 3.0 
hexagonal PS 4.3 0.75 2.21 2.2 
he•agona! PA 9.8 0.61 0.97 1.6 
sinusoidal PVC 10.8 0.45 1. 12 2.4 
he• a90nal PVC 10.8 0.48 0.92 1.7 

�q.iMe PC 3.5mm diarn. 10.0 0.71 1. 10 2.0 

A('r09<"i Idled windows 
GRA 12968r 1.2 0.52 1.6 7 0 16 
GRA 12968r 2.0 0.44 1.00 o. 16 

Tab. 1 :  Transmittance'�" for diffuse solar irradiation, heat 
loss coefficient A at 10�,C mean temperature and thermal 
radiation penetration depth ( of transparent Insulation 
materials. PC = Polycarbonate, PS= Polystyrol, 
PA = Polyamide, PVC = Polyvinylchloride. For double glazings 
and aerogel windows, the distance between the two glasses 
is taken as the thickness. 
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I.!!��nai conductivity and heat transfer coefficient 

Simi!a; ly to the solar transmittance the therrr.al characteristics of these materials or material 
systems are dependent on many variables: 

A= A. (mat, geo, d, L'lT, Tm, gas, t:) 
where mat are the material characteristics 

geo is the spatial distribution of the material 
d is the thickness 
L'l T, Tm are the temperature difference and the mean temperature 
gas is the influence of the gas filling and 
e. arc the emissivities of the-limiting-surfaces; 

' 

For a homogeneous material with black surfaces, the thermal conductivity for a wide tempera-
ture range is given by the following formula, where � is a material constant valid for a specified 
temperature range. Figure 2 shows the results for.a honeycomb material. The thermal heat 
transfer coefficient or the total heat loss coefficient can be calculated from the thermal con
ductivities. 

4aT 3 
A = --,.---=-=-m--,-- + A. . eq 1 . 22  + .! oor 

L i; 
Overview of existing materials 

A number of materials are being produced now and some of them are available on a laboratory 
scale which allows first experimental measurements. The data are summarized in table 1 .  By 
combining different materials, air gaps and selective surfaces, an optimization for special ap
plications is possible. 

Possibilities for improvements in the future 

Up to now, no material has been really optimized for a specific application. In real systems, not 
only the physical characteristics but also aspects such as the long-term stability and costs of 
the total system become important. Therefore, in the first economically useful applications, one 
has to accept some compromises. However, for the future there should be a large potential 
especially in improving a total system by optimizing the large number of parameters. The 
theoretical background for simulating such systems is now available. 

Literature 

/1 / A. Pfluger 

/2/ W. Platzer 

PM.D-Thesis Freiburg 1988 
Spektraler Strahlungtransport in transparenten Warmedammungen 

PM.D-Thesis Freiburg 1988 
Solare Transmission und Warmetransportmechanismen bei 
transparenten Warmedammaterialien 

/3/ A. PflUger, W. Platzer, V. Wittwer 
Transparent Insulation Systems Composed of different systems, 
Proceedings of the Solar World Congress Hamburg 1987 
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Optim ization of transparently cove red fibrous insulations 

R. Caps and J.  Fricke 

Physikalisches lnstitut der Universitat 
0-8700 WiJrzburg, FRG. 

ABSTRACT 

Fibrous thermal insulation on house walls shows a drastically improved effi
ciency, if it is protected by a transparent pane instead of an opaque cover. 
The basic design parameters for the fibrous layer, e.g. optimal thickness, 
density, albedo and fiber diameter are presented. 

INTRODUCTION 

Recently, transparent or translucent thermal superinsulations have been dis
cussed as promising systems for efficient passive use of solar energy (1] and 
thus for conservation of primary energy. The translucent wall concept which 
employs an evacuated aerogel insulation in front of a blackened house wall has 
been considered especially valuable to reduce the heating requirements in 

buildings. 

Here we want to discuss a technically simpler insulation system ( 2). It con
sists of a low-density fibrous insulation with a single glass pane as trans
parent cover. Solar radiation either is absorbed within the fibrous insttlating 
layer or at the blackened surface of the wall. 

SOLAR GAINS VERSUS THERMAL LOSSES 

The solar flux q s oL· t transmitted through the glass pane of transmissivity t 
partially compensates the thermal losses of the house wall. Thus we may 
describe the system with an effective loss coefficient 

(1) 

ko is the loss coefficient of the opaque insulation, 6T the mean difference 
between the temperatures inside and outside the house, qsoL and 6T are averaged 
over a certain timespan (month, heating period) to simulate stationary condi
tions. � is an efficiency, equivalent to the fraction of the solar flux whjch 
is absorbed and transferred into the house. The thennal losses from the 
interior to the environment vanish for k0 = QsoL.0/6T · l}t. If we intrnduce 
the solar gain coefficient ksor. = QsoL/�T and the solar gain coefficient 
ksoL,o for complete compensation of the thermal losses equ.(1) reads 

( 2) 

If the transmitted solar flux QsoL · t is absorbed totally at the outer surface 
of the fiber layer, ksor.,o is determined by the thermal resistance 1/� of the 
a:ir gap between the glass pane and fiber insulation: ksoL,o = �/t. Assuming 
e.g. a da �, 12 mm wjde air gap and a low emissjvit.v glass surface (£ -,:. 0.1) we 
need a minimum solar input ksoL,o = 4.3 w"/(m2·K) for kEFF = 0. 

The totaJ solar flux now �is assumed to pass through the air gap and an insu l a-
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ting non-absorbing, but weakly scattering layer of thickness rlF. ThP. �hsorption 
of the solar flux then occurs at the surface of the massive wall. As the resis
tances of air gap and fiber layer are in series, we have 

1 1 -1 
ksoL , O  = { + } /(t . tF), with (3) 

� f\.F 

(16/3)C1T.._3 AAIR 
£ • ( 16 /3 ) CfT R 3 

AA:rR 
f\.F = + � + 

1+(3/4)tIR dF dG 

where T.._ is a mean temperature, tx.._ the optical thickness in the lH, AAxR the 
air conductivity and tF the transmission of solar radiation through the fiber 
layer. The latter can be calculated approximately according to t ... 
(1 + 3·tvxs/4)-1, where tvxs is the optical thickness of the fiber layer in 
the visible. 

The optical thicknesses tvxs and tr.._ of fibers with diameters D are derived 
from their relative extinction cross sections QExT according to 

( 4) 

where p and po are the density of the insulation and the solid density of the 
fiber material, respectjvely. We calculated the wavelength dependent cross 
sections from the IR index of refraction via Mie scattering theory assuming 
randomly oriented glass fibers and accounting for anisotropic scattering. 

In order to allow a deep penetration of the solar flux into the fiber layer, 
but to guarantee strong attenuation of the heat flux, the ratio tvrsltr.._ = l 
ought to be small compared to one. Mie scattering calculations for gl�ss fibers 
show that for fiber diameters D > 10 µm the ratio l is about 0.24 and the mean 
relative cross section in the IR about 0.82. 

RESULTS 

By optimizing equ.(3) with respect to tr.._ as variable we get the optimum 
trR,oPT for a minimum ksoL,o, which is depicted in Fig,l as function of l 
(assuming dG = 0). For the design of the fiber insulation then the optimum 
ratio p/D is determined along equ.(4). 

0 ... 
0 Ill 

� 

6 

2 -
--

d,=30mm / 

� //
/

/ 

/ / 

/ 
/ 

/ 
/ 

I / / 

O .__�__.�_.__.__.__._ .......... _._._��_._���� 
0.01 0.1 r 0.6 

6 

Fig. 1 
Gain coefficient ksoL,o 
(for vanishing kEFF) 
versus l = tvrs/txR for 
fiber layers with 
thicknesses dF = 30 and 
50 mm 



In the more general case with absorption in the fiber system the solar flux 
decreases multi-exponentially. We then performed calculations numerically by 
solving the coupled radiation-conduction transfer equations with the discrete 
ordinate method (see e.g. [3]). 
In Fig, 2 the calculated dependence of ksaL.o on the reflectivity R�.vrs is 
shown (R-.vrs characterizes the reflectivity of a fiber layer which is 
optically thick in the visible). The total thickness d � dG + dF = 50 mm of 

the transparent insulation systems was kept constant. Ei the r a 12 mm air gap 

was considered or no gap at all. The lowest values both for high and low 

emissivity glass covers are found for large fiber dtameters (D = 30 µrn) and low 

densities (p  = 10 kg/m3), For a transparent insulation s ystem including a low 

emissivity glass pane ksoL.o is as low as 2.9 W/(m2·K). Here the air gap is 
absolutely necessary: without the air gap ksoL,o � 4.1 W/ (m2 · K ) results (not 
shown in Fig,2). Systems with high emissivity glass panes (£1 = 0.9) either 
with or without an air gap provide a minimum ks oL , o '= 3.3 W/(m2·K) for non
absorbing fibers. Absorption in the visible, however, on ly moderately increases 
the necessa ry solar input for a zero net heat flux. 

�11 
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"' 

.:::t:. 

8.0 

5.0 

• 
• 
• 
• 
• \� D = 30,um ' . / 

\ ·. 
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Fig . 2 
Gain coefficient ksoL.o 
ve rsus reflectivity of 

fj_ber layer iri the 

visible spectral r·ange, 
R-vrs; fu ll lines are 
for a coated glass pane 
(£ = 0 .1) with 12 mm 
gap, the dashed line 
depicts the results for 

an uncoated glass pane 
(E = 0.9) and the dotted 
curve gives gain coeffj-

0.0 '---L-_ __._ __ ,__ _ _.._ _ ___._ _ ____...._ _ _.._ _ ___.__�-� c i en ts for a system 

0.0 0.5 1.0 without gap 

Roo, VIS 

CON CL US IONS 

Transparently covered fiber insulations have a larg e  potential to reduce 

heating requirements. We recommend a layer of about 50 mm thickness and a 

density of 10 kg/m3 consisting of weakly absorbJng fibers with 20 - 30 µm in 

diameter and a non-coated glass pane as a cover. 

REFERENCES 

[I] A. Goetzberger, V. Wit twer , in: "Aerogels", Ed. J, Fricke, Springer 
Proc. in Physics §, Springer Verlag, Heidelberg, 1ga6, p. 84 - 93 

[2] E. Boy, K. Bertsch, Zeitschrift ftir W�rmeschutz, K�lteschutz, Schall
schutz, Brandschutz 32. 29 (1987) 

[3] J. Fricke, R. Caps, E, Htimmer, G. Dbll, M.C. Arduini, F. de Ponte, 
Proc. ASTM-Cl6 meeting, Florida, Dec, 1987 
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Hol l ow macro g lass spheres i n  making fluorpolymer bonded 
transparent insu lation 

H .  Fitz 
Hoechst AG 

Werk Gendorf, FRG 

A BSTRACT 
Hollow macro glass spheres , in the range of 1 - 20 mm diameter, can be inserted in certain fluorpolymer 

systems to produce a firm material which combines higher light transmission and interesting thermal insulat
ing properties. 

Hollowmacroglass spheres in the.ranQe of 3 =-5-mmdiameter.and fluorpoJymer.bondinQ aQents as-
PFA, ETFE and TFB will be examined. 

The paper describes the method of production and the resulting physical properties of the material 
The state-of-the-art development can produce thermal insulation panels which at 20 mm thickness have 

an overall transmittance of about 50 % and a U value of approximately 2 W/m2, K .  
The new transparent insulation materials have densities in the neighbourhood of 0 .2  - 0 .3  g/cm3, and 

d isplay good mechanical properties . 
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P-Laye r insu lation (P-Fol ienpl atte) a new transparent 
thermal i nsulation material 

ABS TRACT 

R.W. Peter 
Peter-Consulting, Am Oeschbrig 22 

Ch-8053 Zurich, Switzerland 

A new transparent insulation material is presented, which is assembled of 
stacked selfsupporting layers of transparent film whose formed surface consists 
of closely adjoining cones or "pyramids". Solar radiation and heat transmission 
of P-layer, capillary and foam transparent insulation materials were measured 
and compared. P-layer and capillary insulation were found to be nearly compa
rable and superior in performance to foam insulation. 

INTRODUCTION AND DESCRIPTION 

A transparent insulation (TI) for a primarily solar energy heated house should 
admit much radiation, loose little heat. The ratio of radiation and heat trans
mission, �/A, therefore may be regarded as a quality factor for TI materials. 

P-layer insulation can be qualified as an excellent TI material on this basis. 
This new material is assembled of stacked layers of thin plates of transparent 
material, such as Polycarbonate etc (Fig.1). The plate surface consists of close
ly adjoining cones or "pyramids" without flat (re�lecting) plate areas inbetween 
(Fig.3). The cones have an angle of less than 60 at the top and form a hexa
gonal edge, seen from the bottom. With the tops slightly rounded the plate 
layers can be stacked crosswise as the distance between tops differ sufficently 
in the two directions (Fig.3). Different types of P-plates are shown in Fig.�. 
The sma�er the cone angle at the top, the larger is the angle, incoming solar 
radiation may differ from normal incidence onto the cones without being reflec
ted to the outside. 

ANALYSIS 

To study the P-layer TI-material, a simplified model was used. 
For t�e heat Lransrnission !\ of the P-material, the following simplifying as
sumptions were made: 1) a P-layer stack can be replaced by a parallel-film stack; 

Fig. Six layer 
P-insulatation 

Fig. 2 P-layer samples with 5, 8 and 20 mm diameter cones and 60° cone angle 
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Fig. 3 P-layer cross sections 
and bottom view 

• l'·l'OL.olr<·-TTI tnl'1) 
u•11.UJl • "-"TT• ( .... � :1) 
,....,......,.,,..,__..,,.,,.e. (rr,. .. J 

2) heat conduction is negligible; 
3) no heat radiation through layer material; 
4) layer thickness is 5 L d L 15 mm. 

Then the heat transmission for one layer can be 
approximated by 

!\• = /\ (rad) 
4,8 

+ /\ (conv) 
+ 20 d 

+ I\ (air cond) 
+ 0.025/d (W/m2K) 

and of the n-layer insulation I\ = ;\' /n . 

For the solar radiation transmission, 
the maximum measured value at normal incidence 
was used, e.g. for a n-layer P-insulation with 
cone angle 60°: -r (n) = (0.95)n . 
Internally reflected radiation was assumed to 
be aboorbcd adding to internal loss q. 
g = "t + q was not measured. 

In Fig.5 heat and radiation transmission are 
shown for a number of layers n and total in
sulation thickness D = nn . 
Fig. 6 sho.ws th� quality factor for P-insulation 
(cone angle 60 ) for various thicknesses D = nd. 

It is interi,sting to find a flat optir.ium 'C'/ !\ 
of the number of layers for a given thickness R 

MEASUREMENTS 

Three TI-materials were measured, identicallv 
incased between two 3mm acrylic glass panes �f 
size 600 x 600: 9-layer P-material (Polystyro� 
(64mm thick), capillary material (two layers 

of Polycarbonate "Kapilux'') (84mm thick) and 
acrylic foam material (11Thermocryl11 ) .  Along 
the sides, each material was enclosed in Poly
st�rrol foam (Fig.4-). 

gL.....�,�.��&.Oi-.__J,,..�--l...,��, 0,---+.,..--'E:..._�.., ...... --=,.,. The results of the thermal, light and solar 
transmission measurements are summerized in 
Table 1, together with published data for 
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CONCLUSION 

"HIT"-window with two IR-reflecting film layers. 
The bottom line of Tab.1 shows extrapolated val
ues for a P-layer insulation comprable in thick
ness to the HIT and the capillary insulation. 

The quality factor "C' /k permits a limited compari-' 
son of transparent materials; as rnantioned, it does 
not contain the contribution by the internal loss q 
as does the factor g/k = (� + q)/k . 
The P-layer material tested approaches best capil
lary material; it is clearly superior to the foam 
material tesl.ed. The heat conductivity of foam is 
lower ( which is valuable for buildings with only 
partial solar heating ) , but itsradiation trans
mission is much lower than that of the P-material. 

Fig. 5 indicates the measured material results: 
the measured A -value is considerably higher than 
the simplified theory indicates. Leakage of heat 
radiation t�rough the layer material ( Polystyrol 
0.1mm ) might be a contributing factor. 

Finally it should be mentioned that the radiation 
transmission measurements (Fig.4 ) were made with 
natural sunshine, 

Our limited experimental information on the P-layer TI-material indicates that it 
looks promissing. It is an easily assembled, potentially cheaply produceable 
material. The tests made used the optimized Bmm-layer material ( see Fig.6 ) with 
cone angle 60°. Further testing and optimizing is necessary to arrive at the in
herent potential of the new material. Present results show that the new multi
layer P-materia] approaches capillary material and is clearly superior to foam 
material in its quality factor for transparent materials. 

Tab. 1 Compairison between transparent isolation materials 

Tron• l uzonte 
Isolation 

3· fHh 
I sol iervergl 1s"ng 

"HIT" -
Fen•t•r 

P-Fol ienplatte 
Typ 1 
"Kapilu1"-Wabenplatto 
Typ � 
Thermocryl-Platto 
Acrylsch1um, Typ l, 
P-Fol ienplatte (e•trap.) 

Di no 
( mni) 

30 

90 

6 4. 1 

84 ) 
66.4 

90 

/\ 
(W/mZK) 

1.30 

0.918 

1. 053 

0.93 

k �) I 
(W/mZK) I 
l. 9 

0.65 

I . 1 5 

0.85 

0 964 

D.82 

Licnt- '( G l oba 1 qW, rme g • '[ • 't g/k 
tra.nsm. ( : ) ( s (:l) ( t I k) 

(i) 

72 62 6 68 .36 (. 31) 
56 31 9 40 .62 

(.4!) 
78 57 (.so) 

78 57 (. 67) 

61 33 (. 34) 

49 (. 60) 

•) 1/k • l//\ • 1/8 • 1/23 m2 �/II 
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Calcu lation of thermal conductivities from spectral data 

A. Pfluger 

Fraunhofer-lnstitut fur So/are Energie Systeme 
Oltmannsstr. 22, D-7800 Freiburg, FRG 

ABSTRACT 

It is shown that for the approximative calculation of the thermal conductivity from spectral data of 
structured materials such as multifilm layers and honeycomb structures, the Planck mean of the 
spectral emittance of a layer may be used. - A new numerical algorithm is outlined, which allows 
exact calculation of thermal conductivity from spectral data and bulk material conductivity. First 
results are given. 

INTRODUCTION 

It Is often useful to calculate heat losses through hypothetical structures. A detailed knowledge of 
the thermal radiation transport is needed for correct calculations becouse it is usually the 
predominant heat loss mechanism in the materials. The number of approximative methods for the 
calculations is large but it is not possible to predict with certainty when they will fail. To avoid this 
imponderability, an exact numerical procedure was developed for homogeneous materials, which 
turned out to be fast and stable in all ranges of optical thickness. 

A MEAN VALUE FOR STRUCTURED MATERIALS 

The radiative heat transport through foam, multifilm layers or honeycomb structures can be 
described in terms of radiation exchange between a number of single sheets. 
Each sheet has a spectral emittance e v which is equal to the spectral absorptance av. The total 
amount of emitted radiation is integrated over the whole frequency spectrum: 

( 1 ) 

where Bv is Planck's blackbody radiation function. The irradiated spectral intensity on a sheet is 
Iv. The total amount of absorbed radiation is 

( 2) 

A general law is that in every cavity where the temperature difference between the walls enclosing 
the whole volume is small compared to the absolute temperature, the spectral distribution of 
intensity is very close to the blackbody radiation corresponding to the mean temperature, which 
means 

( 3) 

Inserting this and the equality e v = av into eqn. (2) leads to the result that the average 
absorptance of a sheet is about equal to the Planck average value of emittance: 
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(4) 

This value can then be used in non-spectral radiation theory. 
Nevertheless it is not clear, at which temperature distribution inside the material the difference 
between aave and Cave becomes significant. This can only be checked by experiment or by an 
exact spectral solution of the radiation transport problem. 
Using the Rosseland mean of the optical thickness of the sheets for example, instead of using 
eqn. ( 4) leads to completely wrong results. 

SPECTRAL CALCULATION 

Thermal radiation transport in homogeneous media and gases is described by 

( 5) 

Here, I is the spectral intensity per solid angle, 10 is the intensity at the boundary and T is the 
optical depth. The boundaries are assumed to be specular reflective. Eqn. (5) is solved for each 
frequency and angle separately with a quasi-exact numerical integration. The solutions are inter
connected by the equation for the conservation of energy, which is 

( 6) 

8 is the solid angle, JC is the optical density and aqcond/ az is the divergence of the local heat flux 
density of the conductive heat transfer. The equation serves to find a self consistent temperature 
distribution by a Newton-Raphson procedure. The accuracy of the result is checked by the 
requirement of total flux conservation throughout the material [1]. 
Fig. 1 shows the calculated thermal conductivity of granular aerogel in air. 200 frequency values 
and 3 angles were used. The choice of more angles does not result in better accuracy because 
Gaussian quadrature was used, which is exact to the order of 2x3-1 =5. This means that one 
would abtain an identical result if I ( 8) were approximated by a polynomial of 5th degree and 
subsequently integrated exactly. 
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0. 00 -
-100 0 
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Fig.1 .: Apparent thermal conductivity of a 2cm aerogel layer. The emittance of 
boundary A is &A and of boundary B is &B = 0.9. 

[1] PflUger A., Spektraler Strahlungstransport in transparenten Warmedammungen, Doctoral 
Thesis, Univ. Freiburg (1 988), submitted 
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Opti m ization problems of transparently i n su lated systems 

W. J .  Platzer 

Fraunhofer-lnstitut fUr So/are Energiesysteme 
Oltmannsstr. 22, D- 7800 Freiburg, FRG 

ABSTRACT 

The optimization of a honeycomb transparent insulation material (TIM) combined with a selectively 
coated integrated storage collector (ISC) is discussed in this paper. In order to find the optimum 
material, characterized by the heat loss coefficient A(T,D) and solar transmittance T(<f>,cp;D), a 
theoretical model of the honeycomb absorber system for heat transport and solar transmission will 
be used. The modelling of the ISC itself is solved by a rather simple short-term simulation of 
representative days of each month (see SCHMIDT et.al. /1 / for a description of real ISC's). The 
optimization aim is to change parameters of the TIM in order to find the optimum balance between 
solar gains and heat losses, which results in a maximum yearly output or a minimum auxiliary 
energy demand for a one square metre collector. Two cases will be considered: The effect of two 
different scattering mechanisms in determining the combination of mass, mass distribution and 
both aspect ratios for rectangular honeycombs. 

I MPROVEMENT AND OPT IMIZAT I ON OF T RANSPARENTLY I NSULATED SYSTEMS 

Good TIM's combine low heat loss coefficients A (around 1 W /m2K) and relatively high solar 
transmittances ( T dif � 0.5), so they can be used to improve glazed collector systems, where 
heat losses have to be reduced. This is the case when insolation levels are low (winter time), 
absorber temperatures are high (process heat) and/or storage of heat is wanted. A very 
promising type of structure is the 

2
absorber-vertical one (e.g. slats, honeycombs or capillaries), 

for which A-values below 1 W /m K can easily be achieved for example by increasing aspect 
ratios to values above 20. Improving the A-value is nearly always accompanied by a slight 
deterioration in transmittance. Thus an optimum material has to be determined by varying the 
material parameters influencing both properties, such as material thickness, cell wall thickness and 
aspect ratios. Other parameters might be used theoretically to affect only one mechanism (e.g. 
optical densities "IR or "SOL), and thus to improve the material (see /21').These parameters will 
be kept constant here, wh1cfl means that only values of one base material will be used. 

T HEORET I CAL DESCRIPT I ON OF H ONEYCOMB ABSORBER SYSTEM 

A model to describe both the heat transport and the solar transmission of a honeycomb material 
has to be used for an optimization which includes the variable parameters. Details of the model 
used are described in PLATZER /3,4/. The advantage of this model is that it takes the geometrical 
structure of a honeycomb with a rectangular cross-section into account. With only a few 
approximations (linearization of radiation transport with respect to absolute temperature, 
neglection of radial temperature distribution within the honeycomb cells, no convection within the 
cells) it is possible to solve the coupled conductive-radiative heat transport equations analytically. 
Air gaps with convecting air and solar absorption within the material are included in the model. 
Because of the last feature, the total energy g*S reaching the collector absorber plate is 
calculated, which includes not only the transmitted, but also a part of the absorbed solar radiation. 
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OPT IMIZAT I ON OF A PC-HONEYCOMB 

Discussion of Scattering 

The calculation of g depends on the relative strength of scattering as opposed to extinction, the 
albedo CJ .  Scattering might be due to impurities within the plastic films, surface roughness or dust 
on the surfaces. For a plastic film with dF=55 µm CJ has been crudely estimated from T dif ( A.) 
and T dir ( A. )  as CJ�0.5.  The order of magnitude for experimental errors and the effects 
investigated, however, are the same, so there is still a large uncertainty.  The total extinction has 
been chosen to yield the measured value of T dif for 1 O cm PC-honeycomb material. 

When varying the film thickness, another problem arises. If scattering is due to surface properties, 
then the albedo will increase for thinner films as scattering remains constant ,  whereas it remains 
constant for volume scattering .  Moreover in practice, producing films of different thicknesses 
might result in different film qualities. In order to get an idea of the importance of these scattering 
properties, material optimization has been done for two limiting cases: Scattering proportional to 
film surface or to film volume, keeping absorption proportional to volume. 

Volume Scattering 

Because the albedo is constant, similarity considerations allow certain parameters to be excluded 
from the optimization . As the optical losses are proportional to the mass or film volume of the 
structure, T remains constant, if one merely redistributes the mass. Finer structures with thinner 
cell walls and larger aspect ratios, however, reduce IR-transport appreciably compared to coarse 
structures, because the aspect ratio A is the dominant parameter /4/. Therefore structures 
should be produced to be as fine as possible. For this parameter no optimization has to be done. 

In order to examine the effects of the main parameters, namely the lateral aspect ratio Alat and 
the mass density itself , a constant thickness of Do= 1 0cm has been chosen . The variations 
therefore are Aiat=Aiat C to,dFo•Do;Ax) and f=f ( Aiat o ,D0 , dFo i Ax ) . The optimum choice of Aiat is 
not critical at an ; the cross-section should be redangular ( longer in East-West-direction ) with 
A1at � 2  nearly independent of the choice of to . For A1 1=2 the optimum volume densities have 
been identified for film thicknesses dF=30µm and dF=�OOµm. I f  one takes into account that the 
corresponding optimum choice of Ax for dF=1 00µ� would be Ax=B, which is already critical with 
respect to convection, densities of at>out 20 kg/m are recommended. 

Surf ace Scattering 

For this case scattering increases if one reduces the film thickness for constant mass. Therefore 
finer structures are not automatically favoured and the mass distribution also has to be optimized. 
This has been done for square honeycombs with different densities, the resul�s being shown in 
Fig. 1 .  Although th� scattering mechanism is different, densities around 20 kg/m also seem to be 
optimal ( 1 2  kg/m is critical because the aspect ratio is too small ) .  The optimum film thickness 
then is about 60µ,m ( A � 1 4 ) , but the whole range between 40µm ( A�21 ) and 80µm ( A � 1 1 )  is 
acceptable. 

An optimization of the lateral aspect ratio for constant mass and film thickness showed a different 
behaviour to the case of volume scattering .  When using thick films (50 to 1 00µ,m) , the favoured 
lateral aspect ratio is again about 2, but for thin films it increases. So for 1 Oµm films slat 
structures would be favourable ( Aiat�20) . 
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The optimization of rectangular honeycomb structures for a given application is possible with the 
procedure described here, if the input data for the plastic films are known . Here the critical points 
are the exact determination of scattering coefficients and of the scattering mechanisms. 
Depending on these data different optimum designs will result. However, optima are relatively flat, 
so the choice of the material parameters volume density, aspect ratio and lateral aspect is not 
that critical. To choose the mass distribution, i .e. the film thickness used, more knowledge about 
the scattering mechanism is needed. As mentioned before, the production of thinner films may 
also change the optical film properties. Therefore a recommendation of an optimum mass 
distribution cannot be given safely. These questions have to be resolved experimentally in the 
future. 
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Aerogel window panes - energy savi ngs i n  houses 

N .  B. Andersen 

Technological Institute, Department of Energy Technology 
Taastrup, Denmark 

ABSTRACT 
The inf luence of evacuated and non-evacuated silica aeroge! windows on the energy consumptions of a 

traditional detached house and a low energy house in Denmark was investigated. 
Small evacuated aerogel window panes in the laboratory have given experience in evacuation and sealing. 

INRODUCTION 
The main purposes of windows in houses are mainly to transmit l ight and to make it poss ible to look at 

the surroundings from the inside of the house. This performance is satisfied by standard double pane win
dows, which on the other hand contribute strongly to the heat loss of houses, even when they are south- fac
ing and making best use of solar gains . 

During the last decade several energy panes have been introduced into the market, some of them able 
to reduce the heat losses considerably ( 1 ) .  The night-time U-values of standard double pane windows can be 
lowered from 2.9 W/m2, °C to about 1 .3 W/m2, °C using coatings with low emissivity. Taking into account the 
transmission of solar energy through the panes by means of a resultant U-value, calculations can present 
heat gains instead of losses. 

Using si l ica aerogel ti les as spacers in doubl6 pane windows even better U- values can be obtained. 

AEROGEL WINDOW PANES 
The advantages of aerogel materials for window applications are (2, 3 ,  4) : 
- good so lar transmittance 
- acceptable visual transparency 
- low heat losses (U-values) 
Using thicker aerogel ti les it is possible to obtain as low U-values as requ ired. However, thicker tiles at 

the same time reduce the amount of transmitted 
l ight and energy, which can be seen on Fig. 1 ,  
where the U-values are shown for evacuated 
panes (1 O mbar absolute pressure) as wel l  as 
non- evacuated panes. 

The overal l  normal transmittance takes into 
accou nt all reflected and absorbed energy and it 
is assumed that half of the scattered light is 

U-\•alue.s anJ nonnal transoilllan.:.., 

1.0 ', 
1.4 -!-........... ---------------! 
l.O -t--__.,," "-""_-•_va_cu_•le_d ------------! 

"'-. 1.2 -1---..>..,�,..--------------l 
1 · 1 -t----��---..,,.u--va=1u • ....,C:-l•m...,..bd.,-a =-=-o.=02'""1 tw""/(--,m2=•c,.,..,)( ),..-------! 

��: :===========::�==================� ----...__ � transmitted in the room.  The U-values are com- 'f 0·• 
------

puted for an average temperature of 1 0°C ,  at f ::: f�:S;::�������:;;:;::::;.o;n.; .. :;.,; ... ;_; .... �,"�"""�·====------�;�� 
which temperature only a small amount of in- � 0•0 +---------=-�"""·0",...-"'

_
··-----------1 

f rared l ight is transmitted through the aerogel (4) .  ;!, 0,4 ;-----�-�U -�••-lue
o;::(;::-lam_bd_•=_o_ooo_l •-/(_m 2_•c_I '----! 

The true  temperature in the aerogel exposed to 0.• -r---------------=-=--"'====I 
solar insolation is possible at a higher level ,  i ntro- 0•2 

10 12  •• ,. ,. 20 22 •• 20 �· •• 
ducing increased radiation losses and it could be •••••• , '"'c"""" ''"'"' 
pre�erable to implement low emissivity boun- Fig. 1 Aerogel window panes: u-values and normal 
danes (8) · transmittance 

As seen on Fig . 1 ,  the evacuated aerogel 
panes are very attractive, giving U- values in the area of 0 .25-0 .70 W/m2, °C ,  which for the lower values are 
comparable to the values for well-insulated walls . 

PROTOTYPE AEROGEL WINDOW 
A small aerogel window was made for laboratory purposes to obtain experience in the behaviour of 

aerogel samples in a vacuum and to explore possible sealing methods for the edges. The 1 6. 1 6  cm2 aerogel 
tile was put between two glass panes and a stiff edge of EPDM-rubber, 1 0  mm in thickness . The proofing be
tween rubber and glass was provided by a polyisobutylen product making the construction airtight on a short 
term basis. 

-

The window sample was evacuated through small pipes in the edges to an absolute pressure of about 
1 0  mbar which was reached after 2 days. During the following three weeks the pressure rose to 1 00 mbar, 
apparently because of diffusion through the rubber and other leakages. 
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The evacuation process was rather slow, but one of the possibilities is to mount the second glass pane in 
a vacuum chamber, making the process less sensible to the window area at the same t ime. 

A new seal ing method is being developed in  order to secure tightness at the edges without introducing 
cold bridges. The seal must keep the pressure below 1 00 mbar for 20-30 years. 

ENERGY SAVINGS IN HOUSES 
For computat ional pu rposes it can be suitable 

to describe the performance of the windows using a 
resu ltant U-value which incorporates the solar 
gains. This U-value is specific to the actual window 
construction and the orientation and surroundings 
of the window. Thus the values are only valid for a 

Non-tn-"acuated ( 1 ,2,3) ,Evacuat�J ( 4 , :'.l , 6 )  
0.2 ..----------------------. 

o,a -1------------------1 
-0.2 h. c.  f. = heat capacity factor 

" h .  c. f. :: 0�7 -0.4 

-o.n 2' h. c. f. 1 o.n 

-0,fl 

" h. c. f. �: 0.0 

certain window in a certain bu ilding. j - i .a 

On Fig. 2 are shown the resultant U-values for � - 1 •2 ., h. c. t. 
south-facing aerogel windows with the heat capac
ity factor of the house as a parameter. This heat 
capacity factor equals unity for a house with ex
tremely high heat capacity and equals zero for a 
house with no heat capacity. The three upper cur
ves cover non-evacuated aerogel while the lower 
curves cover evacuated aerogel. 

Based on the solar insolation in the Danish 
Test Reference Year (5), the solar heat gain 

- 1 . 4  

- 1 .n -

-2.0 

Fig. 2 

>: h. G. f 1 O,D • .,  �-------f 
h. c. f, : o.o ��-----I 

1 2  1 6  20 

aeroeel thickness [mm) 

Resultant U-values for aerogel panes 

through standard double pane windows in the heating season is found (6) , yielding the maximum of 280 kWh 
for south-facing windows and a minimum of 80 kWh for north-facing windows. These values have been modi
fied due to the aerogel layer and the degree of energy utilization according to the heat capacity of the house 
in order to give the theoretical curves in Fig. 2. It can be seen that an adequate aerogel thickness from an 
energy stand-point will be 1 6-20 mm. 

In order to evaluate the effect of aerogel windows on the annual net energy consumption in a traditional 
detached house and a low energy house, several simulations have been made using a newly developed 
menu-based PC-programme for passive solar computations (7) . The programme assumes the internal heat 
production from people etc. to be used before it takes advantage of the passive so lar gai ns. A reduction fac
tor equal to 0 .85 has been used in order to include the shading effects of trees and walls around the window. 
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Fig. 3 Houses with aerogel window panes: computed annual net energy consumption 

The main resu lts are shown in Fig.  3. Also shown is the consumption of the reference house with energy 
windows, U= 1 .4 W/m2, °C and the consumption of a low energy house with standard triple pane windows 
with U= 2 W/m2, °C .  The net energy consumptions cover only the energy for heating and therefore do not in
clude the domestic hot water or the ele1...1ricity. Some of the main parameters are given beside the figure. 

The theoretical savings are about 4000 kWh/year in the traditional detached house provided with evacu
ated aerogel panes instead of standard double pane windows. Aerogel window panes in low energy houses 
yield extremely low energy consumptions for heating in the order of 1 500-2000 kWh/year. 

Problems concerning overheating of the house during the summer have not yet been investigated, but it 
is evident that cool ing loads wil l  occur which may introduce an increased consumption of electrical power. 

CONCLUSIONS 
Sil ica aerogel windows can be produced which provide night-time U-values as low as 0 .26 W/m2, 0c with 

30 mm of evacuated aerogel .  Aerogel window-panes will remarkably reduce the net energy consumption of 
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detached houses. Using 1 2  mm of aerogel in windows of detached houses the calcu lated consu mptions for 
space heating are i n  the range of : 

1 3400 kWh/year: standard house, standard double-pane windows 
1 1 000 kWh/year: standard house, non-evacuated aerogel panes 

9500 kWh/year: standard house, evacuated aerogel panes 
4000 kWh/year: low energy house , non-evacuated aerogel panes 
2000 kWh/year: low energy house, evacuated aerogel panes 

A small evacuated aerogel window has been made. Some of the remaining problems are :  
- development of a seal for the edges without cold bridges 
- studies on  aerogel windows exposed to shock and vibration 
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H ITH Energy savi ng double wi ndow with control  of solar transmission 
using special bl inds 

H . J .  Glaser 

lnterpane E & B 
D-3471 Lauenforde, FRG 

Ab stract 

The performance an d in- situ ageing of a double window with a heat savin g 
insulatin g glass on the inner frame and a Venetian blind with as well sun 
reflecting ci:.s luw emissive slats in the window space are investig ated . This 
window constru<:"tlon h ::i.s a low k-value ( O , 9 W / m 2 K wi th �l nsRo hlin ci at 
night ) , a variable solar transmission ( g = ""' 2 0 - 53 %) and light transmis sion 
(' t:  ':: ""' 1 5 - 64 % )  , There are no problems with the in-situ ageing , 

Introduction 

The investigated win dow construction performs on the one hand today ' s  trend 
in architectural physics by further reducing the k-value ( 1 )  and ,  on the other 
han d  shading agains t  exes sive sun irradiation . The last poi n t  g ::ii n s  in impor
tance the lower the k-value of the window and the whole facade to avoid the 
greenhouse effect in the buildings . A further re duction of the k-value of the 
whole outer skin of a building as in the case of the " low energy house "  recom
mended these days can be taken for granted , 

Win dow construction 

Fig . 1 shows the investigated window construction with a heat insulating 
double glass ( iplus : k = 1 , 3  W / m 2  K ;  g = 62  % ,  't = 7 5  % )  on the inner frame 
;i n cl  a single clear glass pane on the outer frame . In the window space between 
there is a Venetian blind with slats which have high sun reflection to the 
outside and ,  at the same time , low emissivity to both sides . This is achieved 
by an aluminium coating on the slats which has a high solar reflection (s>t ,._ 80  
%)  and ,  at  the same time , a low emis sivity ( E ,..,. 0 , 15 ) . 

Technical values 

In table 1 are compared the essential light , solar radiation an d thermal data 
relating to this window construction with one of the usual single frame windows 
with glazing of conventional insulating glass and " iplus 11 • 

Table 1 

No . Window T g k k * *  k 
( % )  ( % )  ( W / m 2 K )  tW / m 2 K )  e� / m 2 K )  

1 Single frame window 
with conv . insulating 80  7 5  3 , 0  2 , 6  1 , 70 
glass  

2 Sing le frame window 
with " iElus " 7 5  6 2  1 , 3  1 , 5  0 , 76 

3 Double window with 
-

" iplu s "  and special ,- 1 5 - 6 4  ,-2 0-53  1 , 1 / 0 , 7* 1 , 1 / 0 , 9* 0 , 3 5 
Venetian blind 

20 



* with closed Venetian blind ( at night ) ; **  2 5  % frame area part and op timal 
k-value of the window frame . 

Due to the low emis sive surface of the slats the investigated double window 
works with closed blind and in combination with th e heat insulating double glas s 
as  quadruple glazing with a low emissive coatin g facing all three spaces of the 
panes ; i . e .  in this case the k-value of the glazing ( k )  is  0 ,  7 W / m 2 K , respec
tively that of the window (k ) is 0 , 9  W / m2 K .  With op en blind the k- and 
k -v alue is 1 , 1  W / m 2 K .  The k -value of the double  window amounts to 0 , 35 
\�m 2K and has nearly the samiq value as a high heat insulated wall . Trough 
using the Venetian blind the solar transmission ( g) and the light tran smission 
( 1: ) can be controlle d . 

Thermal behaviour 

Fig 2 + shows the annual heat consumption of the windows of table 1 on the 
south �n1a north facades , dependent upon the window area part . ( W e  take this 
opportunity to thank Prof .  G .  Hauser form the Gesamthochschule ,  Kassel , for 
carrying out these  caluculations ; see ( 2 )  for the calculation method ) . You can 
see that the sin g le frame window with conventional insulating glass (D has the 
highest heat consumption . The single frame window with 11 iplu s 11 glazing shows 
much better results @ however , the heat consumption is the lowest in the case 
of  the double window we investig ated Q) .  It is noticeable that the minimum of 
the ener gy consumption is much lower the lower the k-value of the glazing 
although , at the same time , the g-value of the panes sinks from 75  % to 5 3  % .  
In the case of the investigated double window on the south facade the minimum 
of heat consumption no long er exists ;  i . e .  the heat consumption sinks when the 
window area part is increased . On th e north facade the minimum is nearly 
disappeared .  This is why we can use the double win dow for large window areas 
at a low heat consumption r ate , whereby the danger of a greenhouse effect is 
eliminated by the Venetian blind ; i . e .  normal air exchange rates of a room are 
sufficient to guarantee high comfort even by strong sun irradiation . These days 
the control of the sun irradiation by closing the blind and adjusting the slats 
c an be carried out automatically . . 

Influence of the reduced light transmission 

Furthermore Fig . 2 +b shows that the differences in light transmission between 
conventional insulatfng glas s ( "C = 80 %) , " iplu s "  ( 't = 75 %) and the double 
window ( "C = 64 %) hardly have any influence on the energy consumption of the 
artificial lighting in the rooms . The energy consumption curves of the artificial 
light using " iplu s "  and conventional insulating glass are close together ; the 
double window in question only differs slightly . This means that the times for 
swichting on the artificial lighting do not vary much when the !" -value of the 
glazin g falls in the ran ge b etween 60 - 80 % • This is quite understandable as 
the human eye adap ts itsel f  to the level of d aylight in a room by openin g and 
closing the pupil so that , with the exep tion of special-purpose rooms , a room lit 
by n atural d aylight is equivalent with the abovementioned "'C -value variation of 
the glazing . As Fig . 2 +b shows , it is of great importance for op timal heat 
consumption using highll neat-insulated glazin g s  that the window area part is 
greater than 40 % .  

Ageing behaviour 

The in-situ ageing of the investig ated double window showed th at there is a 
danger of breakage due to overheating of the p ane next to the Venetian blind 
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using 11 iplus 11 glazing (inner pane of the inner frame ) . The main reason for this 
is  the heating up of the blind by sun irra<liation , which , in turn , heat up the 
inner p ane . We have gone through this problem together with the IFT Rosen
heim ( 3 )  over a summer and autumn / winter period with natur al sun irradiation 
on a southwest and southeast facade taking into consideration the 

position of the Venetian blin d ( closed or open ) 
position of the slats ( hori zontal or nearly vertical) 
surface of the Venetian blind ( colour , IR-reflection ) 
dimension s of op enings  for water vapour comp ens ation in the 
window sp ace . 

The results were as follows :  

1 .  The position of the slats and the <limen sions uf up e11i11g s fo1· w ater 
vapour compensation neces sary to reduce the danger of water conden
s ation in the window space h ave very little influence on the beh aviour 
of the temperature of the inner p ane . 

2 .  Comp aring the situation whether the blinds are open or closed , exact
ly opposite results are achieved ( s ee Fig . 3 ) . While in the case of the 
open blind the edge of the p ane has a higher temperature than in the 
middle , when the blinds are closed the temperature in the mid dle of 
the p ane is higher than t h e  rearlin g ;it thP.  P.ngP. nf t h P.  p ;rn e , in de
pendent of the colour ( solar ab sorption ) of the slats . 

3 .  The colour ( solar absorption ) of the slats decisively influences the 
maximum temper ature . As Fig . 3 shows , using solar ab sorbin g slats  
(a  brown or grey tone ) max . temp eratures of up to 90°C are possi
ble , whereas using solar ref1ectin g sl ats in white the temperature can 
only reach a maximum of 6 0 ° C . The difference in temp erature on the 
edge of the pane rises to 6 0 ° C  using coloured slats comp are d with 
only 2 5 ° C  using white ones . In the case of flate glass it is well 
known that there is a danger of breakage when there is a difference 
in temperature of 4 0 ° C  across the pane ( see DIN 1 2 4 9 , Part 1 0 ) . This 
means that when , using blinds with ab sorbing coloured slats there is a 
dang er of breakage from intensive sun irradiation . Therefore it is 
very important that the Venetian blind has a high solar reflection . 

SUMMA R Y : 

The inve stigated double window perform s the future trend of a high heat 
insulating window ( k

F
=; 0 ,  9 W / m 2  K )  for the realisation of a 1 1low energy house11 

recomm ended these aays by the architectural physicists . The danger of the 
g reenho use dfo c l  at  this low kF -value and relatively high g value ( g  = 53 % )  
can b e  eliminated b y  the Venetian blind so that , with normal air exchange 
rates , a high stan dard of comfort in a building is guaranted even by high sun 
irradiation . The blind also ensures glare protection and a privacy effect . These 
last two requirements are proving to be more and more important on the window 
sector . B ecause the blind has a high solar reflection no dangerously super
elevated temperatures occur , even when there is intensive sun irradiation . With 
window p arts more than 40 % the investigated double window can be installed at 
unlimited si zes  an d practically indep edent of the orientation of the facade . 
Instead of the V enetian blind the roller blin<l s y s tem dev eloped by the ISE 
( Freiburg )  ( 4 ) can be used with the s ame efficiency . We are convinced that by 
today' s state of art the investigated window is the most economical solution for 
an optimal heat insulated win dow with , at the same time , controlled sun irra
dition to ensure high comfort inside a building . It is worth mentioning that 
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the tf'chnolog y for m anu factorin g o f  t hi s  win dow is k nown an d i n  the hands o f  
sever al fi rms especially in th e Vi enna area in Austri a .  
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H ig h ly insu lated wi ndow systems with control lable perfo rmance 

H.F.O. MOi ier 

Fachhochschule Koln 
Fachbereich Architektur, D-5000 Kain 21 ,  FRG 

ABSTRACT 

'I'h e  therma l performance of w indows can ne improveded by t ra nspa rent rilms 
or fabric i n  the a i r  gap between g la z i ng layers [l ] . If r oller oirncls a re 
used , the w indow can be controlled r ega rd i ng the da ily a nd seasonal 
va r ia t ion of the nna l i nsula t ion , sun- and g la r e  control , and visit.n .lity .  
Pr i nc iple solu t i ons for construc t i on of casements , nwnber ot layer s ,  a nd 
coa t i ng of glass and r oller olind u r e  aiscuss ca . 

WINCDW DE.SIGN 

The roller blind system is i ntegra ti:,>d in the double casement of the winaow , 
wh ich ist sepa rated fo r cleaning and ma intenance pu rposes only . 'Ihe 
j unction between roller blind a nd f rame is a i rt ight , e ither ny a gas ket or 
s imply by a q roove . 

Th e construc t i on ma terial for the f rames can be t imber , pla s t ic , meta l or 
combina t i ons . Fig . 1 shows the pr inc iple of a meta l-timber solu t ion . For 
the modernisa t ion of existing w indows metal casements with s ing le gia z rng 
ann i nterira ted roller bl ind ca n be appl ied , a s  Fig . 2 shows. In o rder to 
a void wa ter of condensa t ion, there must be a c ontrolled a i r cha ng e  between 
qap and outs id� . 

2 

r J I  I 
I 

I 
I 

F i g .  l 
Exarnole of t im� r -meta 1 -window 
w ith s ing le o la z inq ( 1) and roller 
hl j nd ( 2) in a i r  0ap 

03 01F/3 2 

l 
2 

F i g .  2 
E:xarnple for modern i za t ion of double 
g la z ed ( 3 )  window by attached f raine 
with roller bl ind ( 2 ) and s i ngle 
g la z ing ( 1 ) 
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AIH GAPS Al.\JD O)ATINGS OF LAYf'.RS 

One a ir g ap i s  the m inimum for thermal i nsula t ion, while two or more gaps 
cl�a rly improve the U-va lue , a s  Fig . 3 shows . The opt ima l width for the a i r  
qaps i s  2 0  t o  2 5  nun .  The layers, sepa rating the gaps , can be of different 
ma ter i a ls . 'Ihe outer ones should be glass pa ines because of mecnan ical 
res istance, while t he i ntermediate layers a re preferably pla s t ic f ilm or 
fa bri c in respect of weight and flex i b i l i ty .  

IR-low-emissivity-coatings on respect ively one surf ace of each a i r gap 
clearlv reduce the U -valu�s , a s  Fig 3 shows . On s i ngle g la z ing transpa rent 
hard coat ings ( Sn02) have to be appl ied. Products w ith E._ < O .  2 a nd •r :> 
0 . 6  a re on the ma r k et . The k ind of coa t ing on the roller blind surfaces 
depends uDOn the i ntended performance ( vis i b i l i ty ,  sun control e . g . ) . 
Em issivities of a bout 0 . 1 can be reached . 

Fiq . 3 
Inf luence of the 

E l  IE 2 
0,10/0,84 U20/0,84 0,35/Q84 QS0/0.84 O,B/,/Q84 

2.75 --1 -- -1- ,- -- --l : I I 
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� 1,50 
E 

3 
- 1,25 
:::> 

lOO ---Jill 
0,75 -- -- ---- -- -- -- --

0, 50 -- -- -- -- -- --

0,25 -- -- -- -- -- -- --

0 
0 0,1  0,2 Q 3  0,4 0,5 0,6 0,7 

Ex I - I 
. 0,8 

number of a i r gaps a nd the i r  effect ive 
tr.e U-Va l ue of window systems 
Ex = 1/ ( 1/ £ 1 + l/ E.. 2 -1) 
£. IR-Emissivity ,  calcula tion by "Window 2 . o" [ 2] 

emiss ivi ty Ex upon 

rih0 U-va lue of windows w ith low emiss ivity-coa t ing is i nf luenced by the 
ambient tempera ture.  W ith fallit"B externa l temperature i t  is rising . 

OVEPALL 'l,f-IERMAL PEFFORJ.'VIANCE 

A c ompa r i son of window va r i tions in Fig . 4 shows the equ ivalent U-va lues ,  
ta k i ng i nt o  account t �mpora ry insula t ion , sola r hea t ga i n  and i nfluenc e of 
the w indow f rame. Systems w i th two a i r gaps a nd two low-e-coat 1ng s ,  one on 
the g lass su rface a n d  one on the roller bl i nd ,  show excellent results 
( No .  4) • 
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By th e a ddi t i on of a fou rth layer (glass or f i lm) , wh ich ist closed 
pennanently dur i rYJ  the hea t in<J season,  t he h ea t  1 osses of t:hP g i a 7.P.d w1 nuow 
a rea ca n be m i n imi zed . 
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N s N 
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Fiq . 4 Wi ndow v ar i a t i o n s  

U-values for d i ff erent w indow systems w ith rega rd t o  thermal perf ormance of 
the frame . 
U-values : D Gla z i t'B  by day 

N Gla z ing by night 
S Gla z i ng  under cons iderat ion of insolat ion (B/W) [ 3J 
Sw Tota l w indow w i th 2 5% frame a rea 

U -value of frame 1 . 6  W/ (m2K )  
IR-Err i tta nc e : ll E = 0 . 1  II L = 0 .  2 

The i nf luenc e of the therma l  insula t ion of the f rame proves to be of strong 
i ri fl uence upon the ove rall U-va lue of the w indow , a nd the demand for 
insula t ion �dequa te to the g la zed a rea (U 0 . 8 0  W/ (m2 K) ) becomes evi aenL . 
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Integ rated solar e lement (ISE) - co l lector, sto rage, rad iato r 
for heatng and hot wate r syste ms 

ABST RACT 

W. Balk 
FB Physik/ c.o. FB Bauingenieurwesen 

Gesamthochschule Kassel, Monchebergstr. 7, 0-3500 Kassel, FAG 

Rad i ators bel ong i ng to an usua l  hot water heati ng  sys tem are b l ack  col ou red and 
s i tuated i n  mi rror boxes w i th trans paren t i ns u l ati on , wh i ch are part of a 
facade fac i ng the sunrad i ati on . The rad i a tors a re warmed a l ternati vel y by the 
heat i ng  sys tem or  by the s u n . 

I n  w i nterti me the rad i a tors are g i v i ng thei r heat d i rec t l y  to the rooms they 
bel ong to . 

I n  s ummerti me the heat i s  g i ven to a domes ti c water boi l er .  

At the facade there are refl ectors bei ng pa rt o f  the mi rror boxes , wh i ch are 
g i v i ng s hadow to the w i ndows under them i n  s ummerti me at  noon , so that there i s  
a l i ttl e cool i ng effect , too . 

I NTRODUCTION  

Beg i nn i ng  i n  1980 we bu i l t ,  together wi th proj ect g roups of s tudents of the  
C i v i l Engi neeri ng  Facu l ty some mode l s  of I S E ' s  and Pro f .  Bal k i s  us i ng I SE ' s  
i n  h i s  pri vate hou s e . But  these fi rst  constructi ons  had no transparent i ns u l a
t i o n , so  that there had  to be a mi rror fl ap  at  the facade . - The  new cons tru c
t i o n  i s  not i nc l ud i ng a ny movabl e detai l s  at the outs i de of the facade . 

s 

/ 

• 
I N TI GRATE D  SO L AR E LEM ENT (I SE} 

e xpl i c nti o n  s 

1 . u s u a l  ra d i otor , bl a c k  c o l o r e d  

2 .  tran sparent 1 nsulat1 o n  

3. r efle kto r f o r  s o l a r  r a d  i a t 1 o n  

4. i ns u l ati o n  aga i n st loss of heat w i th  
�.,,.·::> a f l ap to op e n  it for h e at i ng 

' 
, ,  
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SYSTEM DESC R I P T I ON 

2 

6 

5 

// , I 
"- � ///,? 

open ) 

cl osed ) 

F i gure : I ntegrated Sol ar  E l ements ( I S E ) 
i n  a facade 

3 .  heati ng and cool i ng :  

expl i cati ons : 

1 .  usua l  radi ator , b l ack  co l ored 
( absorbe r ,  storage ) 

2 . trans parent i n s u l at i on 

3 .  refl ector fo r so l ar  radi ati on 

4 .  i nsu l ati on aga i nst  l os s  of  heat wi th 
fl aps to open i t  for heati ng 

5 .  wi ndow 

6 .  thermal i ns u l a t i o n  ( outdoors ) 

The system i s  based on an usua l  centra l 
heati ng wi th rad i ato rs . 

The 3 functi ons : 
� = � � �= = = �= = = = = = =  

1 .  heat col l ecti on : 

A refl ector outs i de ( 3 ) concentrates 
the rad i ati on to the b l ack  pai nted 
rad i a tor i n  a box i ns u l at i ng aga i nst  
l oss  of  heat ( 4 ) . The  hot  medi um i n  
the radi ato r ( absorbe r ,  s hort t i me 
storage ) fl ows by natu ra l  c i rcu l a t i o n  
( thermosyphon ) - through  the  two 
hol es u sua l l y  c l osed - to another 
s torage tank  above . 

2 . s tori ng and wa rm domesti c water : 

The heat i s  stored i n  the rad i ators ( 1 ) 
and i n  the tank  a bove ( under the roof 
or i n  a room faced to the north s i de ) .  
The s torage tank  above i s  fi l l ed wi th 
domes ti c water and a heat exchanger 
bri ngs the heat from the medi um to the 
domes ti c water . 

When heati ng i s  needed , the fl a ps ( 4 ) are o pened . There i s  a l i tt l e cool i ng effect 
too i n  s ummer ,  fo r the refl ectors ( 3 ) then g i ve s hadow to the wi ndows under the 
I NTEGRATE D  SOLAR ELEMENT . 
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Test resu lts and opt imisation of integrated col lector storage with a 
transparent i nsulation cover 

Ch. Schmidt, A. Goetzberger, J. Schmid 

Fraunhofer-lnstitut tar So/are Energiesysteme 
Oltmannsstrasse 22, D-7800 Freiburg, FRG 

ABSTRACT 

Transparent Insulation Material ( T I M )  has been used in integrated col lector storage ( I CS ) prototypes developed at the 

Fraunhofer I nstitut fUr Solare Energiesysteme ( I SE ) . 

Two prototypes ( 1 st generat ion ) with out a secon d ,  freeze-prot ect ing circuit , have been invest igated under stagnation 

cond i t i ons and with water withdrawal during one year at the ISE outdoor test site ( /1 / ,  /2/ ) . No damage due to freezing 

occurred . 

The second opt imised generation of I CS with TIM consists of a single cylindrical tank with a selectively absorbing surface , 

an i nvolute reflector behind it and an optimised T I M  cover . The test results show a significant improvement of performance . 

A detailed computer program for I CS has been developed in order to make parametric runs . 

LONG TERM MEASUREMENTS 

Since 1 986 two I CS prototypes which only differ in the tank construction have been tested at the ISE ( ICS A and ! CS B ) .  The 

first prototype incorporates 7 pressure resistent cylindrical subunits which are connected in series ( fig . 1 ) .  For a water 

withdrawal rate of 401/m2/day ! CS B had a year l y  efficiency of 281- and a solar fraction of 581- ( req . hot water temperature 

50°C ;  measured from 1 1 /86 to 1 0/87 ) .  I CS A has an aluminium flat tank and was run under stagnation conditi ons during the same 

per i od .  No damage due t o  freezing occurred despite snow coverage for about one week during a very cold ( tmin = - 1 7 °C )  period . 

In summer 1 00C was only reached a few t imes . 

With a computer simulation program the year ly I CS performance can be predicted with an accuracy of 41- . 

OPT I M I SATION OF res 

A second ! CS generat ion ( !CS C ) has now been developed . The ! CS C bas ical l y  cons ists of one single cyl i ndrical tank with a 
sel ectively absorbing surface and an involut e  reflector behind it . This type of reflector has an acceptance angle of 1 80 .  

That means that even d i ffuse l i ght ( or l i ght which i s  scattered b y  the T I M  materia l )  i s  reflected onto the absorber . 

The ! CS is covered with a 1 0cm AREL layer under an iron-free glass pane ( fi g . 2 ) . The main advantages of this construction 

are : 

- very simple construction of the pressure resistent tonk and very good strat ification of the tonk if mounted vertical ly 

( e . g .  between rafters or integrated into a wa l l , see fig . 6 ) . 

- low heat losses because the surface of the tank is almost completely used as an absorbe r .  

A prototype of such an ! C S  h a s  now b e e n  constructed ( /3/ ) . First measurements show that , compared t o  t h e  1 s t  generation of 

! CS the mean heat lass coefficient could be lowered by 1 51- ,  the heat l os s  coefficient at l ower t emperatures and temperature 

differences could even be lowered by more than 251- . The measured product was s l ight l y  improved too , despite the 

supp l ementary refl ector losses ( 60 . 21- instead of 59 . 81- from Dez ' 87 to Feb ' 88 ) . 

I nevitably the overheating problem becomes more significant if the heat loss coeffici ent of the JCS decreases and 

increases . 

F i g . 3  shows the yearly maximum and minimum temperatures of ! CS C as a function of water volume per square meter absorber 

surface for a daily water withdrawal rate of 401/day/m2 ( data b as i s  is the test reference year for Freiburg ) .  The 

correspond ing tank diameter ( ! CS C )  is indi cated in parentheses . The temperature never exceeds 100°c for a water volume of 

more than 75 l/m2 and never drops below s0c ( i n l et water temperature 1 0°c ) . As the yearly performance of the J CS ( yearly 
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e f fl�i�1cy U I� year l y �nl nr frn�ti on )  is re latively insenSlt lVe to the thermal inertia Of the res ,  it Can be ChOSen in SUCh a 

way that the ICS is neither damaged due to freezing nor due to overheating ( upper temperature l imit for AREL-TIM mat erial : 

1 40°C ) . 

F i g .  1 Cross-section of the first prototype ( I CS B ;  
tank : 7 pressure-resistent subunits i n  s er i es ) 

Fig . 2 Cross-section of optimised prototype ( I CS C ;  

tank : one single cylindrical unit with an involute 

r e flector behind it ) 

The minimum thermal mass of an r es has to be determined by studying its stagnation pe1-formance . In orde1- to pi-edict the I CS 

performance under extreme condit ions , two extreme weather periods have been incl uded into the test reference year ( 2  weeks in 

winter , mean ambient temperature -9 . 2°C ,  1 . 08 kWh/m2/day and -7 . 0°C ,  0 . 38 kWh/m2/day ; 8 days i n  summer ,  mean ambient 

temperature 22 . 8°C and 7 . 05 kWh/m2/day ) . The r i sk of freezing for ! CS C is s t i l l  lower than that of ! CS B .  It has to be 

mentioned that damage due t o  freezing only occurs if more than about 20% of the water content of the ! CS is frozen . This 

would correspond to another tempernture drop of about 16 K. Fig . 4 shows LhuL Lhe res temJJer·uLuni muy slyr iiflcur 1 Lly  exceed 
1 00°c so that additi onal measures such as temperature controlled cold water flow through the tank may become necessary 

because of security demands . The calculat ions have been made with a u-value as a function of temperature but without 

cons idering the dependence on the geometry of the res. I n  rea l i t y  for I CS C, the u-value tends t o  decrease with the tank 

diameter because of the larger air layer between the tank and the insu lat ion . For ! CS B it tends t o  increase because of the 

lur·yer ratio of tank surface t o  absorber surface . 

Fig . 5 shows the yearly performance of r es C in compar ison to I CS B as a function of the angle of i nc l inat ion . For vertical 

inst a l l at ion ( e . g .  integrated into a wa l l ) ,  the yearly efficiency of !CS C reaches its maximum at almost 90° . This is because 

of the lower insolotion onto a southern wall than onto a 45° t i lted south orientated surface : for a constant water flow of 

40 l/m2/day the year l y  mean r es temperature and therefore the heat l o ss becomes lowe r ,  whereas the mean t ransmi ssion of the 

optimized TIM cover i s  s t i l l  high even for small incident angles ( such as in summer ) .  

Fig . 6 shows a comparison of different TIM covers for ! CS C .  Up to now, aerogel granulate does not seem t o  be suited for u se  
in ! CS systems because of its opt ical properties . The d i fference i n  the yearly performance of the I CS with 1 0  cm AREL cover 

( as test e d )  and a 5 cm AREL cover i s  remarkably low and is due to the large air space between the tank and the insu lation 

( see fig . 2 ) . However the thermal inertia of the system with 5 cm AREL cover i s  lower so that the risk of freezing and 

overheating increases agai n .  This shows that the thickness of the TIM layer st i l l  has to be opt imized . The use of AREL TIM 

with t i lted Honeycomb structures seems to be interesting too ( espec i a l l y  for vert ical installat i o n )  and wi l l  a l so be 

invest igated . 

/ 1 /  

/2/ 

/3/ 

I ntegrated col lector storage systems with highly transparent , highly insul ating covers ; 

Proceedings of Europeen Conference on Architecture ; Ch . Schmidt , A .  Goetzberger , J .  Schmid , Munich 1 987 

Test results and evaluat ion of integrated col lector storage systems with high l y  transparent i n sulation ; 

to be pub l i shed in ' Solar Energy ' ;  Ch . Schmidt , A .  Goetzberger ,  J .  Schmid 

Vergl eichende Untersuchungen und Optimierung von Speicherko l l ektoren und Thermosyphonanlagen 

Diplomarbeit 1 988 ; H. Hert l e ,  FH Esslingen 
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Energy saving coatings on flexi ble su bstrates 

W. MOiier, V. Nevellng,  W. Siefert 
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ABSTRACT 

Ene rgy ::, ct v i r iy cuct L i r 1 y '.; , '.; U  c a l l e d  l ow-e- , JS we l l  a s  so l ar contro l - c o at i ng s  
are deve l oped o n  t r a n s p a rent f l ex i b l e  s u b strates i n  a n  i nd u st r i a l  s c a l e  a t  a 
web w i dt h  of 1 . 6 meters  by app l i c at i on of s p utter tec h n i q ue .  The res u l t i ng o p 
t i c a l  d a L a  o f  a s i l v e r - b a s ed l ow-e- coat i ng on po l yester- b a s ef i l m ( P ETP ) deve l o 
ped i n  o u r  l ab a re presented a n d  t h e  deve l opment program i s  scetc hed . 

The st ate of the a rt of web c o at i ng i s  s hown a n d  some advantages  of u s i n g 
f l ex i b l e  s u b s t rates are d i s c u s sed . There a re a d v a ntages i n  the product i on of 
the f i l m as we l l  as i n  the h a nd l i ng and i n  the app l i c at i on .  

I NTRODUCT I ON 

The state of the a rt of d i rect s putter c oated g l a s s  a re g l a s s  p a n e s  w i th n e u 
tra l c o l or and h i g h l y se l ect i ve s u r f a c e s  w i t h  an em i s s i v i ty of therma l rad i 
at i on of about 0 . 1 and a v i s i b l e  t r a n sm i s s i on of about 85 % + 1 % .  
By web-coat i ng s u c h  sma l l  to l e r a n c e s  c o u l d  n ot be ma i nta i ned t i l l  n ow . Bec a u s e  
o f  a bette r  m ac h i ne c on cept a n d  a h i gh l y soph i st i c ated f i be r b a s e d  opt i c a l  i n -
1 i ne -mon i to r i ng tec h n i que i t  i s  n ow po s s i b l e  t o  control  the s i mu l t a n e o u s  c o a 
t i n g pro c e s s  o f  u p  to 6 c athode s at w e b  w i dth 1 s  o r  up Lo 2 n1 . Th i s  g i ve s  t h e  
s putter- ro l l coat i n g techn i q ue t h e  c h a n c e  to prod u c e  h i g h  q u a l i ty l ow - e -type 
coat i ng s  i n  a q u a s i - c o n t i n uo u s  proce s s .  I f  th i s  c oat i ng can be made e n v i ron 
ment a l - st a b l e  a w i de f i e l d  of app l i c at i on s  o p e n s  u p , espec i a l l y  i n  the w i n 
dow renovat i on ma rket . 

STAT[ or THE ART O F  F L E X I B L E  WEB C OAT I NG B Y  S P UTTE R I N G  

Mode rn s putte r - ro l l coat i ng mach i ne s  a re mu l t i c athode mach i ne s , where u p  t o  6 
s putter i n g c athodes are p l aced around one l a rge s i zed therma l l y c o n t ro l l ed 
coat i ng drum . The c athode c h ambe r s  a rc sepil rilted by each  other i n  s u c h  a manner· 
that d i fferent atmo s pheres c a n  be h a n d l ed i n  the d i fferent cathode c h ambers 
w i thout c ro s s - c o n t am i n at i on . For s i mu l taneou s operat i on of a l l c at h o d e s  a h i g h l y  
soph i st i c ated i n - l i ne p roc e s s  control  i s  e s sent i a l . State o f  the a rt i s  control  
of the e l ectr i c a l  c o n d u ct i v i ty a s  we l l  a s  the c ontro l of spectra l t r a n s -
m i s s i on a n d  ref l ec t i on o f  t h e  coated f i l m .  

S i nc e  the geometry o f  the c athode s u rround i ng s  i n  a r o l l coater i s  c om p l ete l y  
d i fferent from a g l a s s - coat i ng mac h i ne a n d  s i n c e  the po l yester b a s ef i l m c a n 
n o t  w i th stand h i g h  Lemperat u re s , t h e  coat i ng p roce s s  m u s t  b e  adj u sted t o  the 
s pec i a l cond i t i on s  d u r i ng web coat i n g .  Th i s  o pt i m i s at i on proc e s s  we have now 
under dev e l opment a n d  pre s ent f i r s t  re s u l t s  i n  the c a s e  of a s i l ve r - b a s e d  
l ow-e -type coat i ng w i th S n O  a s  d i e l e c tr i c  mater i a l  a s  an exam p l e  for the p o 
tent i a l  o f  th i s  tec h n i que and o u r  spec i a l  know - how . 

. . .  I 2 
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ADVANTAGES B EC A U S E  O F  U S I NG F L E X I B L E  S U BSTRATES 

Bec a u s e  of the cont i n u o u s  p roduct i on a h i g h  q u a l i ty can be ex pected . After 
s putter c o at i ng f u rt h e r  proce s s i ng ste p s  can be made economi c a l l y  i n  a cont i n u 
ous  p roce s s . E n v i ronment a l  protect i ve coat i n g s  or se l f  a d h e s i ve c o at i n g s  c a n  
ea s i l y be ap p l i ed by i nd u st r i a l  mach i ne s . Kee p i ng l a rge q u ant i t i e s  of co ated 
f i l m on stock i s  v ery e a s y  and needs o n l y  a sma l l vo l ume . The c oated f i l m c an 
e a s i l y be d i st r i b uted a l s o v i a  l a rge d i s t a n ce s . There i s  no waste of g l a s s  
d u r i ng t h e  who l e  c o at i ng proce s s . 

Bec a u se of the tot a l  decoup l i ng between coat i ng proc e s s  and f i n a l  product t h e  
coat i ng c a n  b e  opt i m i sed sep arate l y  and t h e  co ated f i l m  c a n  be comb i ned w i t h  
d i fferent g l a s s e s , even  w i th un i ax i a l l y  c u rved g l a s s e s . A n  e n v i ronme nt a l  sta b l e  
coated f i l m m i g h t  b e  t h e  on l y  econom i c  way for renovat i on of o l d  b u i l d i n g s . 

Bec a u s e  of the l i g h t  we i g ht of the coated f i l m  3 - or 4 - pa n e  w i n dows c a n  e a s i l y 
be made by stretc h i ng 1 or 2 c o ated f i l m s  between 2 outer g l a s s p a n e s . On t h i s  
way U - v a l ues  be l ow 1 W/cm 2 c a n  be rea l i zed . I f  nec e s s ary the c o ated f i l m c a n  
be u s e d  a s  or c omb i ned w i t h  a ro l l e r  b l i nd a n d  the rad i at i on t r a n sm i s s i on o f  
the w i ndow c a n  be adj u sted on th i s  way . 

LOW - E - C OAT I NGS O N  P O L Y ESTER-BAS E F I LM 

Low- em i s s i v i ty coat i ng s  are c h aracter i zed by h i g h  s o l a r t r a n s m i s s i on , e s pe 
c i a l l y  w h e r e  t h e  human eye i s  s en s i t i ve and h i g h  I R- ref l ect i on i n  t h e  r a n g e  
o f  r o o m  tempe rature rad i at i on (5  - 50 µm ) . T h i s  beh a v i ou r  i s  b a s i c a l l y c o u 
p l ed to f ree e l ectro n s  i n  t h e  coat i n g wh i c h  r e a c t  w i t h  t h e  i n c om i n g e l ectro
magnet i c  wave of s o l a r or therma l rad i at i on i n  d i fferent mann er . The f ree 
e l e c t ron s make the mater i a l  e l ec tr i c a l l y  c o n d u c t i ve and as a matter of fact 
t h e  s u rf ace re s i st i v i ty of l ow-e- coat i ng s  i s  w i th i n  the range of 5 - 30 � h 
Th i s  l ow res i st i v i ty c a n  be obt a i ned e i ther by s em i c o n d u c t i n g ox i de s , or by 
extreme l y  th i n  met a l l  coat i n g s  wh i c h m u s t  be s a n dw i c hed between d i e l ectr i c  
c o at i ng s  to red u c e  t h e  h i g h  v i s i b l e  ref l ec t a n c e  and to protect t h e  meta l l  
ag a i n st corros i on res pect i ve for better a d h e rence . 

I nd i um- T i n - Ox i de ( I TO ) i s  the mo st prom i nent semi c o n d u c t i ng mater i a l  for t h i s  
app l i c at i on .  To get t h e  l ow res i st i v i ty ,  t h e  mater i a l  must h a v e  a th i c k n e s s  
o f  0 . 2  - 0 . 3  µm . S u c h  t h i c k  coat i ng s  are h a rd t o  rea l i ze b y  s p utte r i ng a n d  
h a v e  a strong tendency t o  i nterference - c o l or .  On the other h a n d  t h i s  mater i a l  
i s  stab l e  a g a i n st c o r ro s i on and t h e  i nterfere n c e - c o l or c a n  be e l i m i n ated by 
a f u rther ant i ref l ec t i ve coat i ng .  Furthermore , th i s  mate r i a l  h a s  a very h i g h 
s o l a r - en e rgy - t r a n sm i s s i on ,  bec a u s e  the p l a sma edge l i e s  a c c ord i ng to t h e  re l a 
t i ve l y  l ow den s i ty of free e l ectro n s  i n  t h e  N I R  between 1 an 2 µm , where t h e  
powe r den s i ty o f  t h e  s o l a r s pect rum h a s  s l owed down . 

The most i ntere st i ng mater i a l  i s  a s i l v e r - b a sed s a n dw i c h s t r u c t u re . The s i l ver 
i s  in  c h arge of t h e  e l ectr i c a l  c o n d u ct i v i ty , has a neutra l c o l or bec a u s e  of 
the pos i t i on of the a b so rpt i on edge in  t h e  U V - reg i on and a l l ow s  a h i g h tran s 
m i s s i on ,  bec a u s e  o f  i t s  l ow abs orpt i on .  T h e  w ho l e  t h i c k n e s s  o f  t h e  s a n dw i c h 
system i s  be l ow 0 . 1  µ m  and i s  t h e refore m u c h  more econom i c  compared t o  the 
s em i c o n d u ct i n g c o at i ng s . 

I n  o u r  l ab we h ave deve l oped a t i no x i de / s i l v e r /t i nox i de s andw i c h structure 
( f i g .  1 )  on P ETP - b a s ef i l m  - 50  µm th i c k .  T h e  coat i ng i s  opt i m i sed for max i mum 
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tran sm i s s i on at 550 nm . The me a s u red t r a n sm i s s i on i s  86 . 6  % and the me a s u red 
ref l ect i on at t h i s  wave l ength i s  9 . 6  % .  B e c a u s e  of a sy stemat i c  error of the 
U l b r i cht- sphere at s pe c u l i a r  ref l ectance the t r u e  ref l ect i on i s  6 . �  %. There 
fore , the abs orpt i on i s  7 % .  The ref l ect i on of the coated s u rface i s  1 . 1  % ,  
wh i c h h a s  to be compa red to the ref l ec t i on of the un c o ated s u rface of 5 . 3  % .  
Between 350 and 640 nm the c o at i ng acts  a s  ant i ref l ect i ve coat i ng .  The tota l 
s o l a r  rad i at i on - t r a n sm i s s i on i s  6 1 % at AM 1 . 5 ,  the em i s s i v i ty i s  be l ow 0 . 1 5 ,  
a s  me a s u red i n  the I R- ref l ect i on �  

100"fo . ...,.--------------------.,. PET P/Sn Ox/.1\g I Sn Ox 
T,R,A 

1 
Ro=9,2 .n.o --------- - -

/R , 

F i g .  1 :  

S p e c t r a l t r a n s m i s s i o n T ,  
r e f l e c t i o n R a n d  a b s o r p 
t i o n A o f  a l o w - c - c o a t e d  
P E T P - b a s e f i l m 

W i t h i n  some l i m i t s the opt i c a l  c h aracter i st i c s of the coated f i l m c an be c h a n 
ged b y  u s i ng d i fferent d i e l ectr i c  mater i a l s .  A t  a t r a n sm i s s i on o f  t h e  b a s e 
f i l m of 88 , 3  % a n d  a n  a b sorpt i on l o s s  bec a u s e  o f  t h e  meta l l i c l ayer o f  7 % a 
max i mum t r a n sm i s s i on of 86 . 6  % c a n  be expected . Th i s  demon str ate s t h at the 
state of the deve l opment i s  very n e a r  to t h e  phys i c a l  l i m i t s . The s h ort - c om i ng 
of the f i l m i s  - s i m i l ar to the d i rect - c o ated g l a s s  - the m i s s i ng l ongterm 
s t ab i l i ty under e n v i ronmenta l cond i t i on s . One way to overcome t h i s  prob l em i s  
the depo s i t i on of a th i n  organ i c  coat i ng .  Exper i ments w i th d i fferent l ac q u e r  
c o at i ng s  re s u l ted i n  h i g h l y i mproved corro s i on s t ab i l i ty w h e n  treat i n g a l ac 
q u e rc o ated f i l m i n  a QUV i nterm i ttent l y  w i th conden s i ng water and U V - i l l um i 
n at i on .  Bec a u s e  of the sma l l  t h i c k n e s s of the l ac q u e r  coat i ng of on l y  1 µm the 
em i s s i v i ty r i s e s  on l y  by 0 . 05 .  

FURTHER P ROGRAMM AND C O NC L U S I ON 

R 11 n1 1 r  ri:> c i:> ;::i r r h  ;::i n rl  rl i:> 11 i:> l r mmi:>nt pffnrt <: "''"' i n t i:> n rl  t n  n nt i m i <: P t h P n nt i r ; d  -J ...., _ ,  . .... .... ..... .... . .... . . ..... . . .... .... .... . ..... .. - ,... . . .  - . . ... - · · - · ... _ · · - - · · - - · · - - - - r- - - · · · - - - - · · - - r - - - - -

C h a r aCter i St i C S  of the f i l m a s  we l l  a s  to i mprove i t s  l ongterm sta b i l i ty .  �or 
th i s  purpose we study a f i ve - l ayer- system . Th i s  a l l ows a better matc h i ng of 
the refract i ve i nd i ce s  as  we l l  a s  the use of mater i a l  comb i n at i o n s  wh i c h pro
tect the s i l ver l ayer moreeffect i ve l y .  

S i mu l taneou s l y ,  we are i n st a l l i ng i n  May 1 988 a mu l i t c athode s p utterro l l coater 
w i th a coat i ng w i dt h  of 1 . 6 m wh i c h a l l ow s  the depos i t i on of the above d e s 
c r i bed l ow - e - f i l m deve l oped i n  o u r  l ab ,  a s  we l l  a s  t h e  homog e n e o u s  d e p o s i t i on 
of I TO .  After t r a n sfer of the deve l oped coat i ng p roce s s  to the product i on m a 
c h i ne we w i l l  o f f e r  a who l e  f am i l y  o f  l ow - e - coat i ng s  spec i a l l y d e s i gned for 
h i g h / l ow energy -tran sm i s s i on ,  or h i g h  v i s i b l e  t r a n s m i s s i on .  F u rt h e rmore , we 
deve l op e n v i ronment a l - st a b l e  s o l a r cont ro l f i l m s . P u re met a l l coat i ng s  a s  we l l  
a s  s andw i c h coat i ng s  are of i nterest for t h i s  ap p l i c at i on .  

Conc l ud i n g ,  we h a v e  demon strated , that we h a ve a s  the f i rst European s u pp l i er 
a l l  eq u i pment and the nece s s a ry know- how f o r  dev e l opment and prod u c t i on of 
h i g h l y  soph i st i c ated mu l t i l ayer coat i ng s  on f l ex i b l e  s u b t ra tes for w i n d ow a p 
p l i c at i on .  
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A new thermo-optical regu l ation system - su ited for 
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Dir. : Prof. Dr.-/ng. habil. K. Gertis 
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I n  the present contr i bu t i on a new mate r i a l  whose l i ght  tra nsm i s s i on prope rt i e s  
change by c l oud i ng depen d i n g  o n  i ts temperature w i l l  b e  pre sen ted . Its  func t i on , 
c haracte r i s t i c  propert i e s , and  phys i ca l  beha v i our wi l l  be fea tured . As a sel f
regu l at i ng sol ar screen , th i s  mate r i a l  can be appl i ed to components u sed i n  
pas s i ve sol ar eng i neer i ng .  I ts c l oud i ng p o i n t  may b e  regul ated w i th a n  accuracy 
of 1 . 5 K w i t h i n  a temperature range of 9 to 90 ° C . Be i ng i n i t i a l l y  tran sparent , 
the subs tance i s  c l ouded when the temperature of reac t i on i s  p a s sed . I n  i ts 
c l ouded state , a l ayer of l e s s  than 1 mm th i ckness  i s  s uff i c i en t  to reduce sol ar 
tran sm i s s i on to l e s s  than 40% , the tran smi tted l i ght be i ng h i gh l y  d i ffu sed . The 
c l oud i ng effect i s  ac h i eved by way of a reve rs i b l e  thermochem i c a l  d i sso l u t i on of 
water and a therma l l y  i nduced mod i f i cat i on i n  the mol ecul ar  cha i n  d i men s i ons  of 
the organ i c  po l ymer mate r i a l . 
When appl i ed i n  th i n  l ayers between g l a z i ng e l ements , th i s  new mate r i a l  acts a s  
a temperature-dependent ,  sel f-regu l at i ng screen . The w i de poten t i a l  of pos s i b l e  
app l i ca t i ons  i n  comb i na t i on w i th tran spa rent therma l i n su l at i ng mate r i a l  i s  
sel f-e v i dent . 

I NTRODUCT I ON 

There i s  e v i dence s ugge s t i ng that peopl e prefer natural  l i ght to a rt i f i ca l  l i ght . 
Modern g l a s s  arc h i tecture en hances the qua l i ty of l i fe by suppl y i ng l i v i ng and 
wor k i ng rooms w i th natural  sun l i g h t . But  the i nten s i ty of sun l i ght var i e s . Too 
much sol ar  rad i a t i on often causes  dazzl i ng and  cool i ng probl ems . To regul ate sun
l i ght  i nten s i ty ,  a l ot of  shad i ng dev i ce s  are ava i l ab l e :  s hutters , rol l e rs , 
b l i nds , cu rta i n s  etc . For pa ss i ve sol ar s trateg i e s and , of course , for tran spa
ren t  therma l i n su l a t i on , there are other way s to enabl e arc h i tects  to create 
pa s s i ve so l ar bu i l d i ng s .  To control sol ar  heat ga i n s  i n  bu i l d i ngs  i t  i s  howe ver 
recommended to u t i l i ze the g l a z i ng or transparent i n su l a t i on i tse l f .  W i th a good 
wi n dow des i gn and  i ntel l i gent use  of sun control s ,  not on l y  a good dayl i ght 
d i str i but i on can  be  a c h i eved in  spaces but  a l so sol ar heat ga i n s .  The control of 
the r i ght  quan t i ty of heat and  l i ght in  the b u i l d i ng is  coupl ed to outs i de con 
d i t i on s . The expl o i ta t i on of sol ar  energy for hea t i n g  purposes i n  w i nter and the 
regu l a t i on of sun l i ght  i ntens i ty i n  summer i s  necessary . The new deve l opment  of 
automat i ca l l y  control l ed rol l e r b l i nds  [ 1 ]  w i l l  not sati sfy the req u i rements put 
to l ong- l i fe appl i cat i ons . The acceptance of arc h i tec ts and users  for those sy s 
tems seems t o  be very l ow .  Trad i t i ona l  s hutters are too expen s i ve i n  case of 
transpa rent  i n s u l a t i on and  need a careful des i g n . Such shad i ng dev i ces  do not re
duce the heat i n g  consumpt i on s i gn i f i cant l y . On the other hand , they do increase 
the costs for the sys tem so that wi th the present p r i ce for energy economi cal l y  
v i ab l e app l i cat i o n s  o f  transparent i n su l a t i on sy stems are d i ff i c u l t to rea l i ze .  

SWITCHABL E GLAZ I NGS 

Sol ar  s had i ng cou l d a l so  be managed wi th opt i ca l l y  swi tchabl e  g l a z i ng s . To ex
c l u de undes i red so l ar energy , we know th ree ba s i c types of swi tc hab l e  g l a z i ngs  
where the  control depends on the g l a z i ng i tsel f [ 2 ] : chromogen i c , phys i o-op t i c  
and  e l ectro-depos i t i on sy stems . Chromogen i c  energy control sheet ma te r i a l s ,  
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a l so cal l e d 1 1 opt i ca l  s hutte rs 1 1 , c hange the ab sorpt i on or refl ec t i on of  the 
g l a z i n g in response to hea t ,  e l ectri c i ty or l i ght . W i ndows wi l l  darken or l i ghten 
to vary the amount of sol ar rad i a t i on and heat enter i ng the bu i l d i ng .  The ma te 
r i a l s are c l a s s i f i e d  a s  thermoc hrom i c  i n  c a se that c hange of co l our re spond s to 
hea t ,  e l ec trochrom i c  i f  the change of col our i s  the reac t i on to an app l i e d  e l ec 
tr ic  f i e l d o r  curren t ,  and photochrom i c  i f  i t  re s ponds to l i ght on l y . 

THERMOC HROM I C  SYSTEMS 

The most cost-effec t i ve tec hnol ogy seems to be the heat-chang i ng thermochrom i c  
mate r i a l s .  The re are a l ot o f  d i fferent  devel opments  known from a l l over the 
worl d .  Thermex [ 3 ] , a German i n vent i on wa s on the ma rket i n  the 60 s ,  Themp s hade 
[ 4 ]  i s  a devel opmen t  from USA , to g i ve j u s t  some exampl e s . At the pre sent state 
of- the-art anothP.r dP.VP. l opment [ S ] , a thermotrop ic  gel , i s  the most i ntere s t i ng 
mate r i a l  for arc h i tec tural purposes i n  pa s s i ve sol a r  eng i neer i ng . Th i s  ma te r i a l  
i s  ca  1 1  ed  TAL D .  

THE THE RMOCROMI C  11TALD 11 GEL 

TAL D  ge l conta i n s pol yether compounds wi th ethyl ene ox i de groups , m i xed  w i th 
wett i ng agents conta i n i ng 5 to 1 0  ethyl ene ox i de groups i n  the mol ecu l e .  Adde d 
to th i s  m i xture are further carboxy v i nyl  copol yme rs wi th a mol ecu l ar we i ght i n  
the range o f  250 ,000  and 4 , 000 , 0 00 . The resu l t i s  a st i ff � n d  stabl e gel  wi th a 
freez i ng po i nt  bel ow - 50 °C . The revers i b l e  tempera ture -dependant c l oud i ng effect  
i s  ach i e ved by way of two d i fferent reac t i on s .  The f i rst  �ec han i sm i s  the tempe 
ratu re-dependant  control of wa te rsol ub l e f i l amentary mac romolecules . I n  the i n i 
t i a l  phase ( tran s parent )  the mac romol ecu l es are comp l ete ly  d i s so l ved i n  water 
i n  the form of l ong c h a i n s . I n  th i s  state the i r  d i ameter i s  smal l er than the 
wa vel ength of l i ght . W i th i ncrea s i ng temperature mol ec u l ar cha i n s  beg i n  to form , 
the d i mens ions  of wh i c h  a re l arger than the wa vel ength of l i ght . C l oud i ng occurs 
due to the refract i on of l i g h t  by the cha i n  part i c l es  ( see F i g . 1 ) .  The ' c l oud
i ng po i nt ' can be regu l ated wi th an accuracy of 1 . 5 K w i t h i n  the temperature 
range of 9 to 90 ° C . The wetti ng agents i n  the gel  conta i n  water due to po l ar 
i n terac t i on .  

transparent 
macromolecule chains 

Molecu l e  diameter 
is s m a ller than the 
wavelength of light 

clouded formed 
molecular chains 

Molecule dimensions 
are larger than 

wavelength of l ight 

transparent 

No scattering of l ight  

refrac t i on index:  1. 5 

clouded 

High scattering of light 
retraction i n d e x  > 1. 5 

F i g . Sc hema t i c  presenta t i on of the f i rst c l oud i ng mechan i sm of TAL D ( l eft ) 
depend i n g  on the mol ec u l ar d i men s i ons  and  the second c l oudi ng mec han i sm 
( r i g h t )  occ ur i ng wi th the temperature dependance of wa ter so l u t i on by 
mean s of pol ar  i nteract i on on wett i ng agents . 
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I n  the second c l oud i ng mec han i sm ,  the pol ar  bound wa ter i s  re l ea sed and  forms a 
h i g h l y  l i ght-d i ffu s i ng d i spers i on of m i nu te dropl ets of wa ter i n  the pl a s t i c  gel . 
Th i s  proc e s s  i s  a l so revers i b l e  and  temperature-dependant . By add i n g  d i fferen t 
substances to the pl a s t i c  gel  i ts propert i es can be adj u s ted so that the pre 
c i se tempe rature at  wh i c h  wa te r i s  set free can  be regul a ted . The c omb i na t i on of 
the se two mechan i sms i s  the c haracter i st i c  feature of TALD and  has  been proven 
i n  durab i l i ty tests . F i g . 2 s hows an exampl e .  

F i g .  2 Exampl e of the transparent state of a TALD  pane ( l eft )  and  the same pane 
i n  the c l ouded state ( r i g h t )  at  a h i gher  tempe ratu re 

TALD gel  i s  c hem i ca l l y  stabl e ,  UV-re s i stant and  l i ght s tabl e .  I t  i s  nontox i c ,  
b i odegradab l e and  p hy s i o l og i cal l y  neutra l . I t  i s  a l so fungus neutra l , i . e .  i t  
doe s not p rov i de a n u tr i ent  med i um for fungal  growth . G l a ss surfaces  act a s  se
queste r i ng agents w i th the gel . Dur i ng use  i t  had to be  pre vented from dry i ng 
ou t .  Layers  of l e ss  than 1 mm th i ckne s s  are suff i c i ent  to a c h i eve opti mum c l oud
effects . They do not reduce l i ght  transm i ss i on in  the tran sparent state . W i th 
l ayers of 1 0  mm , a 2 5% reduc t i on of l i ght  tra n smi s s i on occ urs ( see F i g .  3 ) . The 
tran smi tte d  sol ar rad i at i on of approx i mately  34% i s  h i gh l y  d i ffused . In compa r
i son w i th the w i de l y  a va i l ab l e conven t i onal  suns hade panes , i . e .  gol d - t i n ted . 

1 mm 10 mm 
10 .--.---.----.--r----1 ID.--.,.......---.------,-----r------, 

triillnsparent 

-

c 

g las!i w1tt1oi,,t TALO 
-·-1 

......... 

·� 0.6 1--1---t----t--t---t
.� E � 
� 

1, 
OB >--1---1---t- a =  

tra.nsparent 

� 0.4 1--..1 ....... =--+- �:++f-0-t-t---J Q4 1+-l---1-.f----+----t 
:: I 
'<; I 

l ow-em i s s i v i ty g l a s s , 
wh i c h  keep out 34% of 
the l i g ht and  over 50% 
of the heat even when 
outs i de tempera tures 
do not req u i re the l at
te r ,  the s had i n g  prop
ert i e s of TALD are  sub
stant i a l ly  s uper i or .  Com
pared to a go l d- t i nted 
l ow-em i s s i v i ty g l a s s  
TALD  ha s exce l l ent prop 
ert i e s for app l i cat i ons  
i n  sol a r  techn i q ue s , a s  
i nd i cated i n  F i g .  4 .  

o L-1500--....L1000--1..J...500---"'2000�----""�2500 ° L..J50L0 _ __J100-0 __:._:i,a..i,,soo--"""'200-o-�2soo 84 % or mo re t ran sm i s s i on 
of i nc i dent  sol a r  rad i 
a t i on i s  po s s i b l e  i n  the 
norma l state . I n  c l ouded 
state th i s  drop s to 34% 
or l e s s .  

wavelength { nm 1 

F i g .  3 D i ffuse tra n sm i s s i on of a TAL D - Pane ( c l oud i ng 
Temperature l e ve l 33° C )  i n  transparent a n d  c l ouded 
state for TALD gel  l aye rs of  1 mm ( l eft ) a� 1 q  mm 
( r i ght ) . I n  the v i s i b l e  range of s� l ar rad 1 a t 1 on

_
the 

tra n sm i s s i on of g l a s s  wi tho ut gel i s  l ower tan wi th 
TAL D gel . 
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Compa r i son of spectra l 
d i ffuse  tra n sm i s s i on of 
TAL D w i th a sol ar  control  
g l a s s  ( go l d-t i nted , l ow
emi s s i v i ty g l a s s ) and  w i th 
s i l i cate g l a s s  

The ant i c i pated reta i l  p r i ce o f  the mate r i a l  w i l l  b e  l es s  than 3 DM pe r m 2  wh i c h  
i s  very l ow for swi tchab l e  g l a z i ng sy stems . A preferred app l i ca t i on of th i s  pro
duct i s  a sandwi ch-type a rrangement between g l a s s  panel s or other transpa rent  
materi al s to p rotect i t  from dry i ng out . The  edges  have to be seal e d  in  a n  a i r
t i g h t  and  wate r-vapour res i stant fa s h i on l i ke e . g .  by spec i a l  rubber g a s ket i n g .  
Befo re l arge- sca l e  manufactur i ng i s  ventured , some prob l ems must b e  sol ved .  

CONCL US I ONS 

TAL D  i s  an opt i ca l l y  neutra l  thermochrom ic  gel  that undergoes an i n te rna l re vers
i b l e  c hemo-phys i ca l  change when i ts temperature i s  c hanged . Th i s  chemo -phy s i ca l  
change re su l ts i n  a c hange o f  opt i ca l  transmi ttance . Through control o f  TAL D 
compos i t i on the fol l owi ng parameters may be adju sted to su i t  spec i f i c  app l i c a 
t i o n s : L i g ht and  energy tra n sm i ttance rat i o  between c l ear a n d  c l ouded state s , the 
tempe ratures  at wh i c h  tran s i t i on beg i n s , the tempera ture range over wh i c h  the 
comp l ete tran s i t i on occurs , the speed of react i on and the opt i ca l  propert i es 
( refl ectance or absorptance ) of the c l ouded mater i a l . 

TAL D may be s u i tabl e to a w i de var i ety of g l a z i ng envel opes ava i l ab l e  to arc h i 
tec ts . Control of transm i s s i on by TAL D may be accompl i shed by exte r i or or  
i nte r i or surface temperature s , sol a r  fl ux through  the  panel  or  ac t i ve control  
e l ements ( e l ectr i c  hea t i n g )  i nc l uded wi th i n  the panel  at  the t i me of manufacture . 
The mate r i a l  a l so behaves  a s  a f i re retardant  s i nce  i t  conta i n s  wate r at  a h i gh 
percenta9e of ma s s . 

REFE RENCES 

[ 1 ]  Bol l i n ,  E .  and  Sc hm i d ,  J . : Control of Energy Tra nsm i s s i on through Wa l l s  and  
W i n dows . Proc . ! SES-Sol ar  Worl d Congress , Hamb urg ( 1 98 7 ) . 

[ 2 ]  Me i er ,  G .  et . a l . :  Appl i cat i ons  of L i q u i d  C r i s ta l s .  Verl ag · Spr i nger , Berl i n  
( 1 975 ) .  

[ 3 ]  Reu sch , G . : Se l bs tschat t i erendes G l a s  THERMEX . G l a swe l t  2 1  ( 1 968 ) H . 1 ,  
S . 1 6 -22 . 

[ 4 ]  Germer , J . : Swi tchab l e  G l a z i ngs . sol ar age 1 0  ( 1 984 ) H .  1 0 ,  p .  2 0 - 2 3 . 

[ 5 ]  Me i nhardt , S .  et . a l . :  Temperaturabhangi ge L i c h tdurc h l ass i g k e i t  von Gl a sern 
(TALD ) .  I B P-Ber i c h t  SA 1 /85 . Stuttgart ( 1 98 5 ) . 

38 



Transparent i nsu lation for h i g h  temperature f lat plate col lectors 

B. Karlsson 

Alvkarleby Laboratory. Swedish State Power Board 
S-8 10, 70 Alvkarleby, Sweden 

A very Long Qround �as ed f l at pl ate co l l ec t o r  is  deve loped . Th is s o  ca lled 
LGB - c o l le c t o r  i s  s upposed to be conne c ted to the d i s tr ic t  heat ing net -work 
which requi res operat ing temperatures be tween 60 and 90 "c .  Th is means that the 
fl at pl ate c o l le c tor has to be we l l  ins u l ated and equ ipped w i th s ome k ind o f  
tran s p arent ins ul at ion between the g l as s and the abs o rber . From a detailed 
knowl edge o f  the c l imat ic cond i t ions th i s  p aper d i s cu s s e s  the expec ted 
per formanc e o f  a number o f  d ifferent tran s p arent ins u l a t ion mat e r ia ls . 

0 
I t  i s  shown that the pl ane o f  a c o l l e c t o r  t i l ted 45 from the h o r i z onta l and 
pointed toward s  south dur ing 1 9 8 5  re c e ived 794 kWh/m2 o f  i rradiat ion o f  
inten s i t i e s  exc eed ing 3 00 W/m� at an i rrad iat ion we ighted mean ang l e  o f  
inc i denc e o f  30° , dur ing 1 27 3  hours a t  a mean amb ient temperature o f  1 4  "c . 
Th i s  means that the annual heat product ion o f  the f l a t  pl ate c o l l e c t o r  in a 
s imp l i f i ed manne r can be wr it ten 

E = ( flo* 7 94 -q* (  T - 14 ) * 1 . 27 3 ) *C 

where the C - cons tan t  i s  a co rre c t ion f ac t o r  for c o rr e l at ing the s impl e  
re l at ion to actua lly meas ured data . Th is f actor wh ich bas ica lly takes account 
o f  e ffec t s  o f  the therma l ine r t ia o f  the c o l l e c t o r  is no rma l l y  s e t  to C=0 . 90 .  

Th i s  s impl e but we l l  ver i f ie d  formul a a l lows us in a s traig th - f orward way to 
eva luate the per formance o f  col lec tors e quipped with tran s p arent ins ulat ion 
mater ia l s  o f  g iven sol ar transmi t t anc es and heat - l o s s  coe f f i c i ent s . 

The deve loped c o l lector is furni she d with a d oub l e  g l a z ing compos e d  o f  a low
i ron g l a s s  and a fl at te f lon f i lm .  In the paper the performance of thi s  
g l a z ing is  compared with doub le te flon f i lms , V - corrugated f i lms o f  te flon , 
tedl ar and myl ar and a l so o f  the newl y d eve loped AREL-h oneycomb . The 
characte r is t ic p arameters o f  thes e  mat e r ia l s  needed for app l ying the r e l a t ion 
above are o b t a ined from meas urements of sol ar- t r ansmi t t anc es in a l arge 
int grat ing sphere and hea t  l o s s  fac t o rs from a hot -b ox .  

The ana l y s i s  shows that the mo s t  o f  s tructured mater ial s shows a b e t ter 
performance than the f l at te flon f i lm, but that it from a cos t e ffect ive point 
of view is  d i f ficul t to compete wi th the h igh transmi tt ing t e f lon f i lm .  
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ABSTRACT 

This paper briefly disc1188e8 a key problem facing the designer of honeycombs, or "trans
parent insulation of the forward-reflecting type--TIFT" . What should be the cell size? 
From the point of view of minimizing the material content and the solar kansmission, the 
larger the cell size, the beUer. To suppress convection requires a minimum cell size of 
typically about 10 mm for the hydraulic diameter. To effectively suppress radiation, on 
the other hand, requires a cell size of about 3 mm. From the point of view of minimiz
ing the material content, it may be better to obtain the radiant reduction through the use 
of a low emissivity surface at the bounding faces, rather than through the honeycomb itself. 

INTRODUCTION 

The recent European (and Israeli) surge of interest in transparent insulation, as witnessed, 
for example, by this conference, is very encouraging. I am particularly pleased with the 
newly-adopted name: transparent insulation. During the 1970's and early 80's there was 
con8iderable activity in this area in North America and Australia, where it went under the 
name of "honeycomb" and later (at least by some) "convection suppression devices,, . 

But �ra.nsparent-insulation" has the assets of being both easily understandable and de· 
scriptive of the goal, rather than a particular solution. The goal is to make a heat insulation 
that transmits�r is transparent to-solar radiation. A honeycomb is one solution to the 
problem of realizing that goal. 

NOMENCLATURE 

The McGraw-Hill Dictionary of Scientific and Technical Terms describes insulation as a 
"material that retards the passage of heat". Since a vacuum per se is not a 'material', 
it can be eliminated from our terms of reference. The three classes of transparent in
sulation receiving the most attention-namely aerogel, parallel transparent sheets, and 
honeycomb-all work by dividing up space into compartments or cells which trap a gas, 
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forestalling the gas's tendency to convect when given enough room to do so, and which 
has walls that shield the long-wave radiation while remaining transparent to aolar radiation. 

What I have meant by the word "honeycomb" in my publications has been a compart
mentalization in which the walls are perpendicular to the plane of the insulation slab, 
i.e., parallel to the direction of the applied temperature gradient . This meaning applies 
regardless of the pattern the walls form in planform: hexagonal, square, or rectangular. 
The supreme advantage of this orientation is tha.t the solar radiation impinging on the 
slab is reflected,  and re-reflected, by the walls in a forward direction. Thus if reflections 
are perfectly specular, and there is no scattering or absorption in the walls, the solar 
transmission will be 100 percent . In the parallel transparent sheet arrangement, on the 
other hand, the reflected energy at the walls goes back out, and therefore is lost. Since 
this forward reflection is the key to the honeycomb's advantage, perhaps we should coin (yet?) another name for the honeycomb: transparent insulation of the forward-reflecting 
type, or TIFT. The parallel wall arrangement would then be transparent insulation of 
the rear-reflecting type, or TIRT. Aerogel, as I understand it, succeeds in transmitting 
solar radiation by having the length scale of the compartments of the order of the wave
length of the solar radiation. This changes the relevant laws of reflection and scattering 
to those which apply to a material which, as seen by the radiation, is a quasi-continuum. 
Perhaps we should call this type "transparent insulation of the continuum type" , or TICT. 

THE 'FORK' IN THE DESIGN PROCESS 

When confronted with the concept of TIFT, a host of questions naturally a.rise in the mind 
of the would-be designer: what size should the cells be? What is the best cell shape? What 
is the best material from which to make the walls? One guiding light in answering these 
questions is the a.mount of material that must go into making the Tl Material content is 
very imporlant for two reasons. First, the amount of absorption and scattering of solar 
radiation inside the wall is proportional to the material content; so is the heat transfer by 
conduction through the cell wall. Second, materials cost money; indeed in mass produc
tion, the material cost will be the controlling item in this ultimate product cost. Using 
this guiding light, the walls should be as thin as possible and the cells as large as possible (the solid fraction of the TIFT is twice the wall thickness over the cell hydraulic diameter) . 

At this point the design process reaches a fork in the road: are we using the honeycomb 
primarily to suppress convection, or primarily to suppress long-wave radiation? For radi
ant suppression we need a small cell size, and we also need a minimum thickness of wall, 
depending upon the extinction coefficient of the wall material for long-wave radiation; in 
brief, we need a minimum solid fraction. For convection suppression, on the other hand, 
we need only a minimum cell size below which no added advantage is gained. The two 
required cell sizes-one for radiation, one for convection-are not usually the same. 

The problem is focussed somewhat by considering two idealized cases of a square celled 
TIFT, the first totally dominated by radiation, the second totally dominated by gaseous 
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conduction and convection. In case 1 ,  the faces of the slab of TIFT and the cell walls are 
all radiantly black in the long wave region, and the slab is evacuated; in case 2, the faces 
of the slab and the cell walls have zero emissivity, the cells are filled with atmospheric 
air, and the cell walls are so thin that they do not conduct appreciably in the direction 
of the applied gradient . In each case we calculate the cell-size that will make the slab 
conductance U equal to 0.52 W/m2K, when the slab thickness is 50 mm and when the 
slab faces are at 293 and 313K respectively. For case 1, the cell size needs to be 3.3 mm 
(3) and for case 2, 12.2 nun, the latter being the size that will "just" suppress convection 
in the horizontal orientation of the slab (2) . In other words, as a general rule, for the same 
slab conductance, radiant suppression requires smaller cells than convection suppression. 

In addition, the radiant suppression requires a minimum wall thickness to eRt.ahlish the 
required degree of opaqueness. Convection suppression, on the other hand, demands only 
that the wall should be there to stop fluid motion; any wall thickness (other than exactly 
zero) is acceptable. It is the radiant suppression that is demanding of material. 

This being the case, should we not give the radiant suppression "a hand" by giving the 
bounding faces of the slab a low-emissivity? For example, by putting low-e coating on 
window panes or selective surfaces on the absorber plate? This is the fork in the road. H 
the answer is yes, one has to pay the cost of low emissivity surface(s) and deal with the 
fact that the radiant and conductive fields a.re coupled, and an air gap will have to be left 
between the selective surface and the slab-forming a "compound honeycomb" (4) . H the 
answer is no, we will have to put more material into the honeycomb. Which approach will 
win out? In the best of worlds, both will find a place. 

REFERENCES 

1 .  Honeycomb Devices in Flat-Plate Collectors, K.G.T.Hollands, Solar Energy, IX, 3, 
pp. 159-164, 1965. 

2. Natural Convection, G.D.Raithby and K.G.T.Hollands, Chapter 6 in Handbook of 
Heat 'l.'ransfer Fundamentals, Rohsenow, Hartnett ,  and Ganie Editors, McGraw-Hill, 
New York, pp. 6-41 to 6-63, 1985. 

3. R.adiation Heat Transfu Notes, D.K.Edwards, Hemisphere Publishing Corporation, 
London, New York, pp. 137-146, 1981.  

4 .  Proposal for a Compound Honeycomb Collector, K.G.T.Hollands: and K.Iynkaran, 
Solar Energy, 34, 4/5, pp. 309-316, 1985. 

I 

42 



Heat-losss t h rough transpare nt honeycom b  insu lation 

J .A. Chattha a nd L.F. Jesch, 

Solar Energy Laboratory, Mechanical Engineering Departament 
University of Birmingham, Birmingham 83 1 2TT, U.K. 

A BSTRACT 
The use of a transparent honeycomb structure for insulation is viable because it suppresses convective 

and radiative losses while increasing passive solar gains. The development of reliable methods for calculating 
the overall heat transfer through honeycomb materials helps predicting and optimising the thermal perfor
mance of honeycomb insulated buildings. Mathematical models have been created which yield design par
ameters for optimal geometry, material selection  and application of honeycomb transparent insu lation .  The ef
fects of these parameters on  the U value is discussed. 

MATERIAL DESIGN 
A honeycomb structure divides the air-filled enclosure into a large number of cel ls.  Due to the reduced 

d imensions of each cell in comparison to the single enclosure the viscous forces acting on the air in each cell 
are increased. If the cell is dimensioned correctly the onset of natural convection can be shifted to larger tem
perature differences. This also gives the opportunity to increase the distance bewteen plates which improves 
the insu lating contribution of the air layer trapped in the ce lls. 

The honeycomb walls should be made thin so that the loss of radiation and the conductive heat loss 
through the material cou ld be kept very small compared to the benefit which is reached by the suppression of 
natu ral convection. The selection of the material used for making the honeycomb is also important from an 
optical point of view: the refractive index has to be chosen correctly. 

SIMULATION 
Hollands ( 1 984) showed a strong coupling between the radiation and conduction modes of heat transfer. 

I n  our work a coupled mode heat transfer model adjusted with an air gap between the absober and transpar
ent insu laton has been used to determine the dependence of U-value of honeycomb insu lation on different 
d imensional and material characteristics. Se lected parameters such as cover plate emissivity (ec) , absorber 
plate emissivity (ea) and air gap in four  assumed and near l imit configurations are listed below. 

Configuration Cover Absorber Airgap 
emissivity emissivity 

1 0 .9 0 .9 no 
2 0 .9 0 . 1  no  
3 0 . 1  0 . 1  no 
4 0 .9 0 .  yes 

For sample calculations a 
honeycomb structure similar to 
AREL's Thermode has been 
chosen with an average cell 
size of 3.5 by 3.5 mm, cell 
length of 1 00 mm, and wall 
thickness of 0 .03 mm, made of 
polycarbonate . All the calcula
tions have been made at con
stant average temperature of 1 5  
°C and at a temperature dif
ference of 1 O °C betwee n  the 
end plates. 

1 . 0 1 .0 

The overall U-value has 
been calculated as a function of 
the emissivity of the sidewalls 
and conductivity of honeycomb 
shown in Fig . 1 .  The natu re of 
the curves can be best under
stood by considering separately 
the dependence of radiation and 
conduction heat transfer as a 
function of sidewall emissivity 
(Fig. 2). 

Fig. 1 U-value as a function of conductivity (k) and emissivity (e) 
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COUPLED MODE H EAT TRANSFER 
Radiation heat transfer through the honeycomb decreases with an increase in  sidewall emissivity as a 

resu lt of an increase in radiation shielding by the sidewall. No radiation shielding occurs when the sidewall 
emissivity is zero and the maximum sh ielding occurs when the sidewall emissivity is one. 

Conduction heat transfer through the absorber surface, when the sidewall emissivity is zero, is equal to 
the independent mode conduction heat t ransfer since no radiative-conductive coupling exists. When the side
wall emissivity is increased from zero :  the radiative-conductive coupling causes the heat conducted through 
the absorber· surface first to increase to a maximum value and then to decrease as the sidewall emissivity in
creases. 

The initial increase at low sidewall emissivities is a result of an increase in  radiation assisted conduction 
coupling . As the sidewall emissivity is further increased the increase in resistance to radiation transmission 
becomes stro nger resulting in decreased conduction heat transfer as the sidewall emissivity increases. 

As seen in Figure 2 for configurations 2 and 3 the overal l  U-value for low emissivity sidewalls increases 
w ith an increase in emissivity. This increase in overal U-value results from the greater increase in conduction 
with increase in emissivity compared to the reduction in radiation as a result of the increase in radiation 
shielding. For configuration 1 it can be seen from Figure 2 that the heat t ransfer due to radiation is more 
dominant thus the increased conduction with increase in emissivity has a weaker effect on the overall heat 
t ransfer. Hence it can be concluded that there wil l  always be a decrease in over all U-value with an increase 
in sidewall emissivity for h igh emissivity honeycombs since both conduction and radiation heat transfer de
creases with an increase in sidewall emissivity. 

It can also be concluded that if a honeycomb has plates such as black paint or glass then the greater the 
honeycomb emissivity the lower the heat losses wil l be. If however one or both of the bounding sufaces have 
a reduced emissivity then design curves similar to the ones shown for configuration 2 and 3 should be studied 
before selecting a cell emissivity configuration. 

The size of the cell was fixed at 3.5 mm and the aspect ratio has been varied by changing the cel l  length 
of honeycomb. It is noted from Figure 3 that the U value of honeycomb decreases with an increase of aspect 
ratio . This effect has been expected since both the conductive and radiative heat transfer decreases with in
crease of the cell length. 

The thickness of the sidewall has been varied from 0.01 to 1 .0 mm keeping all other parameters con
stant. The first three configurations show qualitatively the same dependence of U-value on sidewall thick
ness. The conclusion is that overall U-value wil l be lower with thinner sidewalls. 

THE I N FLUENCE OF AN AIR GAP 
The large effect that the mechanism of coupled heat transfer has on the total heat transfer can be re

duced by the introduction of a gap between the honeycomb structure and the absorber wall i .e .  at the place 
where the largest temperature gradients are expected. For a selective surface absorber large temperature 
g radients exist in the air and the honeycomb structure wall near the absorber. This induces large conductive 
heat transfer. Application of a gap shall decrease coupling between the heat t ransfer mechanisms locally and 
reduce overall heat transfer. Moreover the gap introduces an air layer which has a smaller thermal conductiv
ity than the thermal conductivity of honeycomb structure wal l. Figu re 3 shows the effect of air gap thickness 
on U-value for configurations 1 ,  2 and 3. It is important however that the; air gap thickness be restricted to pre
vent convection heat transfer to take place . 

CONCLUSIONS 
The best transparent insulation has high emissivity and thin walled honeycomb material with high aspect 

ratio and an air gap of about 20 mm thickness in front of a selectively absorbant mass wal l .  
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Comparison of measu re ments o n  transparent thermal i nsu lation 
systems with n u merical s imulations of bu i ld i n g  e nvelopes 

ABSTRACT 

E. Boy 

Fraunhofer Institute of Building Physics Department of Heat/Climate 
(Dir. Prof. Dr.-lng. habil. K. Gertis) 

Nobelstr. 12, D-7000 Stuttgart 80, FRG 

An ex i st i ng  s i mu l at i on program ha s  been i mproved i n  such a way that  i t  i s  now 
poss i b l e  to anal yze the therma l beha v i our of transparent i n su l ated b u i l d i ng 
facades . The compar i son of nume r i ca l  ca l cu l a t i on s  pe rformed u s i n g  th i s  mode l 
and  of assoc i ated exper imenta l i nvest i g a t i ons  shows good agreemen t  concern i ng 
the sy stem ' s  therma l beha v i our , max i mum surface temperatures , and  l ong-term 
mean va l ues . The se ca l cu l a t i ons  a re ba sed on the as sumpt i on that ma te r i a l  
propert i e s  a re known a n d  that mu l t i - d i mens i onal  effects c a u sed b y  col d b r i dge s , 
frames , fan s ,  etc . are de sc r i bab l e wi th equ i va l en t  va l ue s  of  the rma l propert ie s .  
Actua l l y ,  e ven m i nor uncerta i nt i es regard i ng i n door a i r  temperature are l i ab l e 
to reduce the agreement of mea sured and pred i cted heat fl ow dens i t i e s . As  cou l d 
be ve r i f i e d  by error ana lyse s , these var i ances are however st i l l  rema i n i n g  
w i th i n  the range o f  mea surement  accuracy . 

Anothe r re su l t of the compar i son i s  that the c haracter i st i c  heat ga i ns ach i e ved 
by transparent i n su l ated wa l l s  are stron g ly  depend i ng on the sea sonal  va r i a t i on s  
i n  c l imate . I n  connec t i on wi th heat ga i n s through wi ndows and  i nternal  heat ga i n s , 
the tempora ry ga i ns due to the tran sparent i n su l a t i on sy stem are on l y  u seab l e to 
a ce rta i n  extent s i nce they a re obta i ned in t i mes  when they a re not needed , a s  
wel l .  Th i s  i s  the rea son why res u l ts  of ca l cul a t i on s  performed o n  wal l  construc
t i on s  u s i ng i deal  boundary cond i t i on s  a re not i mpl i c i tl y  transferabl e  to rea l  
bu i l d i ngs . W i th i ndoor c l i mate cond i t i ons , user  beha v i our , a n d  d i fferent  the rma l 
zone s i n  b u i l d i ngs  vary i ng wi del y ,  actua l l y  u seabl e ga i n s  i n  bu i l d i ngs  a re n ot 
neces sar i ly pred i c ta b l e from nume r i ca l  i n ves t i ga t i on s  of wa l l  con struct ions . 

I NTRODUCT I ON 

The n ume r i c a l  s imul at ion  program S UNCODE [ 1 ]  i s  a genera l pu rpose the rma l ana l 
ys i s  program for res i dent i a l  bu i l d i ngs . I n  SUNCODE , the mathema t i c a l  repre sent
a t i on of  the  b u i l d i ng is  a therma l network  wi th non- l i near  temperature dependent  
control s .  The mathemat i ca l  so l u t i on techn i q ue uses  a comb i nat i on of  forwa rd f i n i te 
d i fference s ,  Jacob i an i terat i on and constra i ned opt i m i za t i on [ 1 ] .  Th i s  program 
a l l ows not o n l y  to conduct an accurate the rma l ana l ys i s  of b u i l d i ng s , rooms and  
bu i l d i ng components , but  a l so  to q uant i fy the energy ga i n s  of pa s s i ve sol ar  con
struct i ons . Spec i a l  prov i s i ons  have been made for  the  ana l y s i s  of attac hed s un 
spaces a n d  Trombe wa l l s .  

The da ta i nput u sed for i mpro v i n g  the ex i s t i ng s i mu l a t i on code [ 1 ]  has  been p ro 
v i ded from the re search a n d  deve l opment work  carr i ed o u t  wi th i n  the framewor k  
of " L EG I S "  [ 2 ] , a proj ect i nves t i ga t i ng tran sparent therma l i n s u l a t i on sy stems 
i n  a seri es  of deta i l ed expe r i mental  ana ly ses of te st wa l l s ,  te st  rooms , and an 
ent i re te st  hou se . 

46 



BR I EF DESC R I PT I ON OF  THE PROGRAM 

A the rma l model  of the bu i l d i ng or of bu i l d i ng components i s  created by the 
program user . Sub sequentl y i t  i s  tra n s l ated i nto mathemat i ca l  form by the program . 
The ma thema t i ca l  equa t i ons  a re then so l ved repeated l y  at  t i me i n terva l s of one 
hour or l e s s  for the per i od of s i mu l at i on . The program ca l cu l ates the dynam i c  
performance o f  the b u i l d i ng o r  b u i l d i ng component i n  great de ta i l  a n d  reports 
the i np ut quant i t i es of ene rgy and power that the heat i ng and  cool i ng eq u i pment 
must sup p l y  i n  order to ma i nta i n  comfort cond i t i on s . Effec ts of l ong-wave or 
i nfra red rad i a t i on transfer between surface s in  a room have to be regu l ated by 
means  of other parameters , for exampl e s urface coeff i c i ents . Shad i ng of externa l  
surfaces  and  w i ndows i s  a l l owed by  overhangs und vert i ca l  offsets . The program 
a l so prov i des  for s i def i n s  and shad i ng caused by faraway objects that ob struct 
t he s kyl i ne .  S i mpl i fy i ng a s sumpt i on s  and  approx i ma t i on s  have been made through
out the program ,  such  a s  one - d i men s i ona l heat  fl ow through  each part  of  the bu i l d
i ng 1  s enve l o pe . Temperature dependence of mate r i a l  propert i es i s  de scr i bed u s i ng 
mean va l ues . T i me-dependent parameters or pa ramete r-de pendent mate r i a l  propert i es 
such  as  tra n sm i s s i v i ty of transparent i n su l a t i on l aye rs are approx i mated by way 
of effect i ve mean va l ues . The opt i ca l  and therma l behav i our  of windows and  tra n s 
parent i n s u l a t i ons  o r  any l ayer o f  parti a l l y  transparent mate r i a l  cou l d be  approx
i mated w i t h  a set of d i fferent parameters l i ke e . g .  U - va l ue of g l a z i n g  or l ayer ,  
shad i n g  coeff i c i ent , ext i nc t i on coeff i c i ent , i ndex of refract i on , th i c kness  of 
l ayer and numbe r of l ayers . T i me-dependent parameters may a l so be schedu l ed to 
descri be add i t i ona l  n i ght  i n su l a t i on or to a l l ow fo r so l ar  control dur i ng the 
summe r .  Shad i n g of on ly  d i rect rad i a t i on i s  pos s i b l e  i f  the sun  i s  ob structed by 
the overhang or s i def i n s . Effects  on i nter i or therma l c omfort cond i t i on s  can be 
stud i ed e i ther wi thout hea t i ng and cool i ng dev i ce s  or w i th equ i pment of spec i f i ed 
maxi mum capac i t i es . A i r  cha nge rates may be e i ther con s tant , schedu l ed or tempe 
rature-dependent . 

COMPAR I SON O F  MEASUREMENTS W ITH NUME R I CAL CALCULAT I ONS 

Re su l ts of expe r i mental  i n ves t i gat i ons  of d i fferent  tra nsparent i n su l ated  te st 
wa l l s  [ 3 ]  have been val i dated w i th numer i ca l  ca l cu l a t i ons  ( 4 ) . F i g .  1 shows the 
te st wa l l  i n  a schemat i c  presenta t i on and a l so the approx i ma t i on accompl i shed i n  
the cal c u l a t i on model . The i nd i v i dua l  l ayers of the tra n s parent i n su l a t i on sy stem , 
i nc l ud i ng frames , are a ssumed a s  one equ i va l ent homogeneous  l aye r .  Ex i st i ng mul t i 
d i men s i ona l effects have been approx i mated i n  one d i men s i on o n l y  ( see F i g .  2 ) . 

experimental set-up 
rn.sor.::oion laye< 

wall 

interiof 

frame 

numerical model 

equivalent 
insulation 

layer wall 

interior 

a, 

solar radiation 

rG • ,  r0 • transmissivity of transparent weather protection 

(of transparent insulation, respectively) 

e G ' , e 0 • reflectivity 

aw• absorptivity of wall surface 

<>a, <>i surface coefficient exterior and interior 

AG, Asp. Ao, AR, Aw thermal resistance layers 

ew. Cw bulk density of wall and specific heat capacity 
. . Ta I ea 

Ao,aq' 
optical properties of insulation system 

equivalent thermal resistance of insulation systems 

Fig. 1 Schematic presentation of the experimental set-up and of the numerical model 

47 



air gap wall surf ace 
2,5 

- measurement  -- calcu lat ion 2,0 
-
E ...... 

.r; 1,5 
°' 
·a; .r; 

"' 1,0 
� 

0,5 

2 - 6  -4 -2 0 

The weather data i n put to the program wa s 
suppl i ed by mea sured hour ly  mean val ues of 
sol ar rad i a t i on and  amb i en t a i r  tempera ture . 
Fl uctua t i on of surface coeff i c i ents  ha s 
been neg l ected . Dur i n g  mea surements , the 
room a i r  tempe rature wa s kept con stant at  
20 ° c  wi th i n  an absol ute accuracy of + 2 K 
and a mean acc uracy of + 0 . 2  K .  F i g .-3 
s hows an exampl e of the-re s u l ts obta i ned  
in  a s i x - day compa r i son of  mea s ured and  
ca l c u l ated data . S i nce the program re 
q u i res  u n s haded hor i zonta l and  d i re kt nor
ma l rad i at i on as  data i nput , there i s  a 
m i nor d i fference between mea sured  and 
ca l c u l ated rad i at i on on the south-fac i ng 
wa l l a s  s hown i n  the top d i agram i n  F i g .  3 .  
The second d i agram i n  F i g .  3 i l l u strate s 
the fl uctuat i on of outdoor a i r  temperature . 
These mea s ured data cou l d  be used  as  d i rec t 
i n n 1 1 t  t n  t hi:> n Y' n n Y' ;i m  Thi:> t h i Y' rl ;i n n  fn 1 1 Y' t h  . . . .... ..... ... .... .... - · · - .- ·  .... ::J • ...... . . . . . · · - - · ·  • .  - - · · - • - -· ·  - · ·  

d i agram present the exte r i or re spec t i ve l y 
i nte r i o r  wal l su rface temperature as  mea s 
ured compa red w i th the ca l c u l ated fl uctu a 
t i on . Both d i agrams s how excel l e nt  agree
ment . I n  L h e  l o. s L d i o.gro.111 of  F i y .  3 t h e re 
i s  a s l i ght  d i fference to be state d  bet
ween mea sured and  ca l c u l ated va l ues for 
hea t fl ux den s i ty .  Error ana l y s i s  i n d i ca 
te s ,  however ,  that w i th i n  a pe r i od of three 
months  an uncerta i nty of on l y  0 . 2 K i n  
tempe rature meas urements eventua l l y  res u l t� 
in  an uncerta i n ty of more than 2 kWh/m2 in  
hea t fl ux cal cu l at i on . Ta bl e 1 i nc l udes the 
mea sured and cal cu l ated mean va l ue s  of a 
three -month  per i od .  Aga i n ,  the re s u l ts  s how 
good agreement  between mea s u rement and  
cal cu l a t i on .  
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Fig. 2 Multi-dimensional effects 
measured on a test wall and 
numerical approximation 
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Table 1 Comparison of measured and calculated data (mean values) for a transparent insulated 
wall over a three-month period 

difference 
comparison measurement calculation 

absoloute relative 
[unit] [%]  

solar i rradiation [kWh/m2] 1 30.3 1 33.3 2.9 2 .2 

surface exterior 22.9 23. 1  0.2 0 .8 

of wal l [ °C] interior 22.0 22.0 0.0 0 

areal heat losses 5.40 3.62 1 .77* 33 

flux [kWh/m2] surplus heat 1 7.35 1 9 . 1 4  1 .78* 1 0  

* An uncertainty of 0.2 K results in an uncertainty of heat flux of more than 2 kWh/m2 

Further compa r i sons of measurement data obta i ned  for one te st room and a te st  
house s how the  same agreement i f  mu l t i -d i mens i on a l  effects  of  mate r i a l  prope rt i es 
are ta ken i nto account . 

CONCLUS I ONS  

The  compa r i son of n umeri ca l  ca l c u l a t i ons  performed u s i ng the i mproved bu i l d i ng 
energy a n a l y s i s  s i mul a t i on program SUNCODE w i th a s soc i ated exper i menta l i n vest
i gat i o n s  shows good agreement concern i ng the  sys tem ' s  therma l beha v iour , max i mum 
su rface temperatures , and l ong -term va l ues . The ca l cu l a t i on s  are based on 
spec i f i ed a s sumpt i ons  and  s i mpl i f i cat i on s  of system parameters and mate r i a l  
propert i es , wh i ch i s  i n  fact a resu l t of severa l yea rs o f  exper i ence ga i ned i n  
i n vest i ga t i n g  d i fferent transparent  i n su l a t i on systems . I f  ma te r i a l  propert i es 
are known th i s  i mproved program a l l ows ca l cu l a t i ons wi th an  accuracy of + 1 K 
fo r the the rma l beha v i our of tra n s parent i nsu l ated wa l l s .  
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A simple meth od for the estimation of energy savings through 
application of transparent insu l ation materials 

A BSTRACT 

B. C. Alexa**, A. Kerschberger*, A. Lohr**, B. Weidllch* 

**Buro fur energiegerechtes Bauen, Oldenburger Strasse 68, 0-5000 K61n 60, FRG 
·weidlich lngenieurgesellschaft, Giesebrechtstrasse 10, 0- 1 000 Berlin 12, FRG 

A simple method for estimating the effects of transparent insu lation materials i n  buildings is presented . 
Based on monthly mean climatic data and a spreadsheet calculation,  the method allows possible energy sav
ings to be visualized in a diagram of transmission versus U-value. The method is meant for architects during 
the first phases of a design process. 
I NTRODUCTION 

The calculation of the solar gains of a building using transparent insu lation material (TIM) should be per
formed on three levels. On the two levels of scientific research and engineering detailed simulation is 
necessary on an hourly basis. On a third level ,  a simple method for architects has been developed for f irst 
estimates of auxi liary heating demands, based on monthly meteorological data. A personal computer and a 
spreadsheet calculation (Framework) have been used. 

Good performance of a TIM is characterized by high solar transmission and a low U-value. In a diagram 
showing the transmission versus the U-value, best performing Tl Ms will be found in the upper left corner (see 
Fig. 1 ) .  However this information is not sufficient for the validation of different TIMs for different types of 
bu ildings in a specific climate. 

INPUT: GIVEN PARAMETERS 
For this estimate, a simple set of building par

ameters for a one-zone building is used with :  
U-value (W!rrfK) 

-floor I roof area 1 Ox1 0=1 00 m2 0 .55 I 0 .30 
-total wall area 88 m2 1 .75 

-windows (half N and S) 22 m2 

0 .7 /hr 
20 °C 

-air change rate 
-base temperature 
-internal gains 1 5  kWh/d 

(without insul . )  
3 .00 

With a conventional opaque insulation of 3 cm 
of polystyrene this building fits the German insu la
tion standards (WSVO) . According to these stand
ards, which do not allow solar gains to be taken into 
account, the use of any TIM having a U- value 
tl igtier than 1 .5 W/m2K has to be excluded for this 
particu lar bu ilding .  This is indicated in Fig . 1 by the 
l imit "minimum insu laton". Further calculations have 
on ly to be performed with TIMs left of this l imit. 

Monthly data of mean outdoor temperatures ( 1 ) 
and global irradiation on horizontal and vertical su r
faces facing west, north, east and south (2) of the 
weather station of Trier, Federal Republic of Ger
many, have been chosen. 

OUTPUT: E NERGY BALANCE 
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Fig. 1 "Cu rves" of equal auxil iary heating demand 

The monthly total gain ( including internal and solar gain) has been calculated and related to the total load 
using the .G.ain J,.oad Ratio (GLR, instead of the so lar load ratio, SLR) . 

The simple formula 
FU = ( 1 -exp(-GLR)) I GLR 

used here was given by Heidt (3) . It is an estimation on the usable fraction FU of gains. According to 
Platzer (4,5) the formula seems to predict slightly conservative resu lts with respect to the possible energy 
savings. 
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Loads minus u�al>lu gains pro
vide the monthly aux il iary heating de
mand which can be summed up to a 
yearly amount . Fig. 2 shows an 
example of a calculation table contain
ing losses, gains and balances for 
every month, the entire year and the 
traditional heating pe riod of the year 
(Sept .  to May) . Fig. 3 shows the dis
tribution of monthly loads and usable 
gains. 

DISCUSSION OF FI RST RES UL TS 
For this particu lar case , TIMs with 

d ifferent combinations of trnnsmir.r.ion 
and U-values that lead to the same 
yearly amount of auxil iary heating de
mands are shown as l ines in F ig . 1  . 

Ful l  l ines denote T IMs that render 
a result equal to an opaque insu lation 
of 5, 1 0  and 1 5  cm (see circles on the 
x-axis) . Beyond the range of conven
tional insu lation,  addit ional energy 
savings are possible ( regime of dotted 
l ines) . The amount of savings is given 

by the spacing between any two curves of equal auxiliary heating demand. 
I t  must be noted that the lines do not have to be straight l ines but can be curved in other cases. Posi

tions and spacings of the lines visualize a classification scheme of diffe rent Tl Ms for a special bu i lding and cli
mate:  they depend on the chosen formula of estimating the usable fraction of heat gain. 

FUTU RE D EVELOPMENTS 
Subject to a final estimation formula, found by fitting results of applications and simu lation programmes, 

an economic validation can be g iven. 
Tl Ms fall ing within  the ful l l ines have to compete with the corresponding opaque insu lat ion in  price. Addi

tional savings can be evaluated economically by attaching (current or expected) energy costs to the corre
sponding curves of equal auxi liary heating demand. Thus the method presented provides a qu ick evaluation 
of possible energy and cost savings of a TIM application for a particular build ing .  
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A BSTRACT 

Analysis  of over-heati ng of wal l  structu res 
i n  transparent i nsu lation appl ications 

L .  Jankovlc and L.F. Jesch 

Energy Engineering (Birmingham) Ltd. 
192 Franklin Road, Birmingham B30 2HE, U.K. 

An experimental installation of t ransparent insu lation retrofitted on parts of the south and west facing 
walls of the corner room of a 1 00 year old bui lding in Birmingham, UK has been monitored since 1 986. The 
two exposed walls receive d ifferent shading and in the winter the west facing wall does not receive direct 
beam radiation from the Sun. The temperatures on  the outside surface of the south facing wall behind the 
transparent i nsu lation, where it is exposed to most radiation and for the longest periods of t ime, have never 
reached a level which would be damaging to the bu ilding fabric. Samples of the monitored temperature data 
are shown in statistically reduced form. They indicate both the transparency benefits and the insu lating bene
fits of the installation and give no evidence of overheating. 

INSTALLATION 

The installation of the t ransparent insulation reported by Jesch ( 1 987a) and ( 1 987b) was carried out on 
the building in 1 986. The south facing wall is partially insulated by Arel honeycomb material and covered by a 
polycarbonate sheet. The west facing wall is partially insulated by the same material and covered by clear 
g lass. Al l transparent insulation panels are in wooden frames. 

MONITORIN G  
Sensors are placed in 7 locations each having a group of  K type thermocouples measuring the  tempera

tures of ambient air, outside wall surface , inside wall surface and inside air at acarefu lly selected position of 
the area. Five of the seven locations are marked A - E on Fig . 1  which gives the view of the two corner  walls 
from the inside of the room. The other 2 locations are on the west wall and the window, but they are not part 
of the present study. 

Kipp & Zonen CM 1 1  type solarimeters are used to record the solar radiation arriving on the vertical su r
faces of the south and west walls. The information obtained from these instruments is augmented by climato
logical measurements monitored a few hundred meters away on inclined and vertical plus horizontal total and 
horizontal diffuse radiation for comparison and correlation purposes. 

A Microdata 1 600 microprocessor based datalogger is used for recording all thermocouple and sola
rimeter signals. The thermocouples are connected to an isothermal junction box and the solarimeters feed in
formation into an integrator which al lows both instantaneous and time integrated values to be recorded. Time 
interval between scans of all data is 6 minutes, thus the resolution of data is based on 1 O readings per hour. 

EVALUATION 
The industry - standard tape cartridges containing monitored data are removed periodically from the da

talogger and information is t ransferred to an IBM PC AT machine for processing and analysis. Graphics are 
produced directly f rom the fi les containing reduced data via a Polaroid Palette and an H P  plotter. 

The present study limits itself to the subject of overheating in structures covered by transparent insula
tion.  Energy balances of the building calculated by the Transparent Insulation Computer Aided Design 
(TICAD) program, which was specially developed for modell ing t ransparent insu lation appl ications, are not 
discussed here. 

TEST RESULTS 
Figu res 2 - 6 give sample results of the correlation between the three major parameters (solar radiation, 

outside wall surface temperatu re and inside wall surface temperature) measured during the test. The condi
tions in the five areas where temperature was measured are shown below 

Area Trnsp. lnsul. Outer cover Radiation condition 

A none none Most shading throughout the year 
B yes polycarbonate Most shading throughout the year 
c yes polycarbonate No shading, maximum radiation 
o. yes clear glass No direct beam radiation for 6 months 
E none none No direct beam radiation for 6 months 
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Fig. 1 Axonometric view of sensor location from 
inside 
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ANALYSIS 
The measured data was organised along the lines of the bin data method. The main parameters were 

subsequently analysed statistically and corre lated in pairs. Solar radiation which is the main cause of surface 
temperature was then plotted against both outside and inside wall surface temperature. The data scatter is 
considerable because wind cooling effects are not included and the transient heating effects due to the dura
tion of di rect beam radiation are not fu l ly accounted for in this analysis .  Nevertheless the correlation between 
solar radiation and surface temperature is clearly established by cu rve fitting based on least square errors. 

The assumption of the existence of a l inear correlation between radiation and surface temperatures is 
justified in the narrow temperature range and l imited maximum radiation experienced during the tests. It was 
noticed that at higher radiation values the errors increase which implies that the non-l inearity is more pro
nounced above 900 W/m2,°C but radiation above these levels is quite infrequent. 

South wall surface temperatures show benefits of the transparency of the insu lation. I nside and outside 
wall surface temperatures in location C and B (covered by transparent insu lation) show strong dependence 
on solar radiation. These outside brick surface temperatures are always higher than the inside su rface tem
peratures and both increase with the increase in solar radiation. The outside brick surface tem�erature can al
most reach 60 °C in location C (the most exposed to solar radiation) and it can go up to 38 C in location B 
( less exposed to solar radiation) . The outside brick su 1rtace temperature of 60 °C in location C does not dam
age the fabric and does not cause overheating inside. 

The outside brick su rface temperature in location A (not covered by transparent insu lation) is always less 
that the inside wall surface temperature and it reaches the level of the inside surface temperature only at a 
solar radiation leve l of about 1 000 W/m2. 

The comparison between outside brick surface temperatures in locations C and A or locations C and B 
show obvious benefits from transparent insu lation on an irradiated wall . The inside surface temperatures in al l  
locations show no overheating for solar radiation up to 1 000 W/m2. 

Outside brick surface temperatures on  the west wall are less exposed to solar radiation and therefore 
they are analysed as functions of the ambient air temperature. The outside brick surface temperatures in lo
cations E and D are always higher than the ambient air temperatu re and always well above freezing. They 
are increasing functions of the ambient air temperature and in the domain of lower ambient air temperatures 
resu lting from diffuse rad iation only, the graphs show how the transparent insulation acts as an insulation 
only. 

The l imited range of temperature fluctuation on the inside wall surface was the result of energy balance 
reached by solar heating through tranparent insu lation and natural coo ling through uninsu lated areas of the 
walls. 

CONCLUSION 
No overheating behind transparent insu lation was experienced on either walls during the two years of 

testing while the ambient temperature and so lar radiation reached their usual high values during the summer. 
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Constru ctional and architectu ral aspects of facades u sing 
transparent insu lation materials 
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.. Weidlich lngenieurgesellschaft mbH, Giesebrechtstrasse 10, 0- 1000 Berlin 12, FRG 

A BSTRACT 
As part of the system-study "Transparent Insu lation", new areas for the application and integration of 

transparent insulation materials (TIM) are investigated , both for old and new buildings. 
Depending on the selected material and passive solar system, a number of different facade-construc

tions arise, each of them creating a distinctive architectural form. Forms must be found which offer techni
cal/constructional solutions for these new materials and at the same time provide for their aesthetic integra
tion into the building. These criteria must be met to satisfy designers, architects, engineers and users. 

Examples of glazed facades are shown to il lustrate their constructional and formal implications. 

INTRODUCTION 
Part of a system study on transparent insu lation undertaken by the authors deals with the architectural 

consequences of TIM technology and its effect on the appearance of facades. 
Larger buildings, such as multi-family houses using a higher amount of glazed walls, can be related most 

easily to the familiar office-building with the all-glass facade. (Fig. 1 and 2) . Because of this the level of accept
ance of TIM technology will be higher in these cases than in single-family housing with its traditional facades. 

Fig. 1 Facade of an office building in Cologne, FRG Fig. 2 Solar dwell ings in Marost ica, Italy (1 ) 

SOLAR WALLS AS H ISTORICAL FORE-RU N N ERS : A CATALOGUE OF EXAMPLES 
The knowledge of examples of solar walls built during recent years provides the designer with a cata

logue of various solutions for his own work. Design problems which are analogous to that of T IM technology 
have been solved in numerous applications, mostly in new dwell ings but also in larger bui ldings (Fig. 3) .  
Among clients and users they were not known very well and therefore were not really accepted. Their first 
appearances were similar to what we know from recent examples of facades using t ransparent insulation ma
terial (Fig . 4) . What can be learned from these cases ? 
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Fig .  3 Trombe wall of a school near Philadelph ia, Fig. 4 House in Zaberfe ld, FRG, using TI M 
USA 

A special aesthetic problem is the application of TIM within the existing building stock. The appearance 
of old buildings will change dramatically. For a certain t ransitional period designers may use known images 
for TIM-facades such as the image of traditional Japanese architecture (Fig. 5 and 6) . 

Fig . 5 Kitamura Residence in Kyoto , Japan 

P L AYGROU N D  

Fig. 6 Wellesly Science Center in Massachusetts, 
USA 

Different levels with in the t ransparent insu lation system can be inf luenced by the designer :  th is may 
include: 

the structure in  front of the system (such as protection bars) 
the structure and design of shading devices (outside/inside) 
the surface structure of the transparent cover 
the width, depth and profile of the frames 
d ifferent forms of mounting (screws , metal sheets) 
the material and texture of the f rames 
the arrangement of mullions with in the transparent component 
the spacial o rder of the t ransparent insulation material 
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the colour of all components of the transparent insu lation system including :  
• the shading device 
• the frame I mullions 
• the t ransparent cover (may be tinted , printed over) 

the transparent insulation material ( in whole or in part) 
• glue ( l ike stripes or dots) 
• the absorber 
• coloured foil inserted between TIM layers 

If the designers master these vast amount of possiblities with this new material a number of architectu
rally appealing TIM bu ildings will be seen in the future. Will they look like this last example ? 

R EFERENCES 
1 .  Project Monitor, I ssue No. 1 4, December 1 987 Commission of the European Communities, DG X I I  
2 .  The Four-Inch Trombe Wall Solar Age ,  July 1 985, pp 27-28 
3 .  Teiji ltoh,  Yukio Futagawa The classic tradition in Japanese Architecture New York , 1 972 
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App l icat ion of transparent thermal i nsu lation to existi ng h ouses 
Disfiguring the facade - or improving its thermal and aesthetic qualities 

, 

ABSTRACT 

K. Brandstetter 

L ehrstuhl 1 tar Baukonstruktion und Entwerfen, Prof. P. Sulzer 
Universitat Stuttgart, FRG 

Pre l i m i nary s tudi e s  have b e e n  undertaken how to app ly transparent the rmal i n su= 

l ation ( TTI ) to e x i s ti n g  house s  within the me a n i n g  of arch i te cture . The t r i a l  

demons trate d ,  that TTI - components ought t o  be adaptab l e  i n  dimen 3 i ons aswe l l  a s  

i n  appe aran c e . A s  sunshade s may cause un fortunate a l terations of a house ' s  face 

and as they usua l ly demand extra- c osts , the que s ti o n  rose , whe the r  shade l e s s  

TTI - sys tems with a l owe r s o l ar e f f i c i e n cy wou l dn ' t  m e e t  better r e a l  needs . 

BACKGROUND 

TTI had been graph i c ly app l i e d  by Mundi n g  I l I to f a c ades of e x i s t i n g  h ou s e s . Her 

r e s u l t s  have been found to b e  unsati s factory from a vi ew-poi n t  o f  arch i t e c ture 

( Fi g . ) .  It was obvi ous , tha t  the imper fections were r e l ated to the use of l arge

s i zed TTI - components and to the facade s '  parti a l  cove ri n g . 

PROCEDURE 

Anticipating a cons i dered w i d e r  inve s tigation , sma l l - s c a le d  TTI - components h ave 

b e e n  dra fted and graph i c ly app l i ed part ly to the same facade s , whi ch Munding had 

u s e d  ( F i g . ) and partly to thos e  of other e x i s t i n g  houses ( Fi g . ) ,  whi ch s e emed to 

b e  typ i c a l  to a certain S outhern-German hous i ng- s to ck . I n  add i ti on , i nqu i r i e s  

h ave b e e n  unde rtook w i th s e v e n  house-owners , w h o  showed interest i n  improvi n g  

the i r  hous e s ' thermal qua l i ty . 

RES ULTS 

Genera l aspects 

Condi t i ons are di f fe rent whe the r  TTI i s  app l i ed to a bui lding unde r de s i gn or to 

an e x i s ting bui lding : 

a bui l di n g  under de s i gn i s  f a i r ly free in d i mens ons and in appearan c e . TTI 

c omponents app l i e d  to i t ,  there fore may be r i g i d  in dimens i on s  and in v i s u a l  

qua l i ty . 

an e x i s t i n g  bui l di n g  i s  bound i n  dime n s i on s  and i n  appe arance n e i th e r  a l l ow= 

i n g  nor s tanding much a l terati ons norma l ly .  TTI - components there fore ought to be 

adaptab l e  in dime n s i ons and in visual qua l i ty .  

As adaptab l e  TTI - c omponents are free to b e  used with bui ldings under de s i gn too , 

the i r  deve l opment shou ld have p r i o r i ty . 
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Dime n s i on a l  adaptibi l i ty 

Dime n s i on s  o f  e x i s t i ng bui ldings have devi ations even when o r i gi n a l ly p l aned i n  

equa l s i z e s . Furth e rmore , esp e c i a l l y  dime n s ions o f  e xi s ti n g  hous e s  are mostly 

i rregu lar by o r i gi n . Hence , the TTI - components mus t  equal i ze devergenc i e s  by 

adaptation . Thereby , it is importan t ,  that the more i n te re s t i n g  methods of equa= 

l i z ation work the b e s t  the sma l l e r  the c omponents ' s i z e s  are . Howeve r ,  the 

h i gh e r  rate of { norma l ly- ) opaque reve a l s  and j o ints produced on th i s  way mus t  

b e  s e e n . 

Adaptabi l i ty in appearance 

E spe c i a l ly { smal l- ) houses are not o n ly de fined geometri c a l ly but also by the 

perc e ived appe arance within the i r  s urround i ngs . Thereby , the fol low i n g  i tems 

mus t  be s e e n : 

windows are the sole e l ements w i th a sh iny , r e f l e cting surface d e f i n i ng a 

house ' s  character predomi n an t ly . A l l  oth e r  surfaces are lustre le s s . 

exterior wal l- surfaces are e i th e r  grained , when p l as tered or p at terne d ,  when 

lined , c l aded or cove red in another way . Thereby , ver t i c a l  p a t t e rn s  a re found 

more o ften than horizontal-one s . 

d i c conti nuanccc i n  exterior w a l l - Eurfaces are s imp ly arrange d . E i th e r  the 

uppe r  s torey ( - s )  wi l l  di f fe r  from ground- s torey a l l  around or one f a c ade wi l l  

di f fe r  e nti r e l y  f rom the others . Parti a l  cove rings sur rounded by other surfuces 

i n  one facade are rather unknown . 

to s unshade exterior wal l s  u n l e s s  by trees or creepers was unus u a l  i n  former 

time s . Howeve r , esp a l i ers and b a l coni e s  did it in some areas apart from the i r  

r e a l  purpose s . 

TTI - components the re fore shoul d  be lustre l e s s  i n  order not to compete with the 

expre s s i ve importance of wi ndows . They should a l low the creation of p atterns , 

whi ch h armon i z e  w i th a hous e ' s  typ i c a l  s ty l e , and they should b e  s upp l emented 

by opaque ve r s i on s  w i th a f a i r ly i de n t i c a l  look in order to preve n t  vi s u a l ly 

d i s conti nuanc e s  i n  one facade as mentioned b e fore . 

S unshades s ome t ime s may be formed l i k e  espa l i e rs ( F i g . ) or e s tab l i shed by built

on b a l conie s . In s ome cases venetians w i l l  he lp , whe n  forming a horizontal 

p a ttern . Howeve r , sunshades c ause the mai n prob l ems from a vi e<::-poi nt o f  k e ep= 
i ng a house ' s  f a c e  at l e a s t  e s senti a l ly .  

INQUIRIES 

Though b e i ng i n te r e s ted , a l l  s even i nqui r e d  hous e-owners were r ather r e s e rved to 

e nergy- s avi n g- rate s . Apparently , they have had bad exp e ri e n c e  in p as t .  F i ve o f  

s even j us t  compared p r i c e s  o f  pe rformance a n d  t h e  rest poi nted out , th at the 

e xtra- costs should pay within some f i ve years the late s t . S i x  owne r s  p r e f e rred 

s o lution s , which could be done by do- i t-yours e l f-execution . Howeve r ,  in two of 

those cases the pre ference might have b e e n  i n f luenced j us t  by sympathy to the 

dis tinct s o lution . 

CONCLU S I ONS 

TTI ' s  app l i c a ti on mus t  not ugl i fy e xi s ti n g  hous e s . I t  is pos s i b l e  to k e ep a 
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hous e ' s  di s ti n c t  appearance - at l ea s t  e s s e n t i a l ly - by u s e  o f  smal l - s i z e d  com= 

ponents , which a l so wi l l  h ave the better chance i n  p ra c t i c e  because o f  the i r  

better f i t . Though phys i c i s ts b y  right tend t o  improve TTI ' s  s o l a r  e f f i c i en cy by 

us i ng l at e s t  tech n i c a l  devi ces , it is obvious , that in practice s i mp l e  s o lution s  

are requ e s te d .  I t  r a i s e s  the que s t i on , whe th e r  i t  wouldn ' t  be more re asonab l e  

t o  improve thi ckne s s  o f  the therma l - in s u l at i ng- cou r s e  even by loos i ng a b i t  o f  

s o l a r  e f f i c i e n cy i n  favour to s ave both : sunshadings and costs . I n  fac t ,  a sort 

o f  TTI -p laster wou l d  be i de a l . 

I n  summin g- up , i t  can be s tated , that app lying TTI to exi s ti n g  hous e s  i s  l a s t l y  

but a matter of b a l an c e  b e tween s o l ar e f f i c i e n cy , e s theti c a l  demands , p e rfor= 

mance and p r i c e . 

F ac ade o f  a 

hous e from 

the e a r ly 

th i rt i e s  

the early 

fi f t i e s  

the e a r ly 

s i xties 

s tatus quo 
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Tri a l  of TTI - app l i c ation by 

Munding the author a s tude n t  

_ __,.. 

F i g . : Di agram showing i n  an e x tract some uf the u s e d  t e s t- facades i n  s tatus 

quo and with TTI - app l i cations from d i f fe r e n t  person s . 

I l I  Mundi ng , M . , " Anwe ndung der transparenten Warmedammung im A ltbau unter Be= 

ruck s i chtigung arch i tekton i s ch e r  und ene rget i s ch e r  Ge s i ch tspunkte " ,  diploma 

the s i s  pres ented at S tu ttgart-Unive rs i ty , D ep t . of C i vi l E n g i n e e r i ng ; pub= 

l i sh e d  by Fraunhofe r- I ns t i tu t  fur Bauphy s ik ( I BP ) , S tuttgart . 
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Case stud ies on the practical applicabil ity of transparent thermal 
insulation to different types of residential estates in Stuttgart 

ABSTRACT 

K. Bertsch, M. Beck 

Fraunhofer Institute of Building Physics Department of Heat/Climate 
(Dir. Prof. Dr. -lng. habil. K. Gertis) 

Nobelstrasse 1 2, D-7000 Stuttgart 80, FRG 

There a re several a pproaches conce i vabl e to a s sess the potent i a l  fo r applying  
transparent therma l i nsul at i on sy stems to  the stock of ex i s t i ng b u i l d i ngs . In 
the present study it has been attempted to g i ve an outl i ne of th i s  potent i a l  by 
exam i n i ng di fferent types of settl ement structures compr i s i ng a l a rge n umber of 
s i mi l ar and typ i ca l  constru c t i o n s  w i t h  regard to the i r  s u i tab i l i ty for retro
f i tt i n g .  Poss i b l e appl i ca t i on s  a re d i scussed for s pec i fi ed examp l es , namely for 
settl ements and suburban d i str i cts  wh i ch have been e s tabl i shed i n  the urban 
area of Stuttga rt s i nce the turn of the century . It wa s found that part i cul arly 
suburban d i str i cts that were devel oped in the post worl d war I I  e ra pro v i de a 
l arge potent i a l  of appl i ca t i ons  wh i c h  i s  however part i al l y  subject to certa i n  
restr i c t  i ons . 

INTRODUCT ION 

Si nce the present study concentrates sol ely on exam i n i ng ex i st i n g  b u i l d i ngs w i th 
regard to the i r  s u i tab i l i ty for be i n g  retrof i tted w i th transparent the rmal 
i n sul at i ng systems , i t  does not pro v i de sol u t i ons  i n vol v i ng change s  i n  the bu i l d
ing ' s  structure or des i gn .  Accord i ng l y , econom ical  and energet i c  ana l yses for 
spec i f i c  appl i ca t i o n s  have not been con s i dered , al though these a spects shoul d of 
course be borne i n  m i nd , too . The study i s  b a sed on appl i cations  of prefabr i cated 
facade un i ts . As a l l of the tra n s pa rent i n su l at i ng mater i a l s known to date need 
some sort of wea ther protec t i on ,  i t  i s  obv i o u s  to empl oy wel l -e s tab l i s hed struc t
ura l p r i nc i p l e s tri ed and te sted i n  g l a s s  front or  meta l facade construc t i on , and 
arran g i ng an i ntegrated sha d i ng de v i ce does not pose an add i t i on a l  prob l em ,  e i the r .  

From a n  arch i tect ' s  po i nt o f  v i ew ,  there a re n o  fundamenta l h i nderances to apply
i ng transparent therma l i ns u l a t i o n  mater i a l s to new bu i l d i ngs , s i nce these i nsul 
at i ng systems can be i n tegrated i n  the b u i l d i ng concept a s  creat i ve de s i gn el em
ents of the i r  own ri ght . Due to s tagnat i on i n  the bu i l d i ng sector ,  the number of 
new bu i l d i n g s  to be compl eted i s  recl i n i ng .  Hence , a much l arge r f i e l d of appl i c 
ation i s  opened u p  by renova t i ng and retrof i tt i ng e x i s t i ng bui l d i ngs . I n  fact , 
th i s  f i e l d of a ppl i cat i on sti l l  hol ds a l o t  of i n terest i ng and prom i s i ng opport
un i t i e s . When a p p l y i n g  rel at i vel y l a rge prefabri cated components to an ol d bui l d
ing , i n terferences w i t h  i t s  archi te ctura l features have to be ant i c i pate d ,  be
cause the add i t i onal  i n sta l l at i o n of transpa rent el ements is l i a b l e  to change the 
characte r i s t i c  l ook of a bu i l d i ng or even to advers e l y  affect the opt i ca l  impre s s 
i on o f  adjacent structures or  enti re ne i ghbourhood un i t s .  

Case stud i e s  

As the vol ume of th i s  appl i ca t i on potent i a l  cannot s i mp l y  b e  est imated o n  the 
ba s i s  of ind i v i dua l bu i l d i ngs  or c l a s s i f i cat i on c r i te r i a  such as e . g .  s i ngle
fam i l y  house , row-house ( te rraced hous e ) , l ow- r i se b u i l d i ng or h i gh - r i se b l ock  
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it  wa s dec i ded to sel ect settl ement structures i n stea d .  On account of the i r  
great vari ety and the i r  l a rge number of b u i l d i ngs wi th common characte r i stics  
the se structures appea r to  pro v i de a much more re l i a b l e ba s i s .  

Ei senba hnerdorf l e  

In the 1 9th century , b l ock structures we re the preva i l i ng type o f  urban de vel op
ment concept . The present qua rte r wa s b u i l t  from 1 890 to 1 930 . The street fron ts 
of the ol dest houses are adorned w i t h  r i c h  red b r i c k  ornaments . Hence , tran spar
ent therma l i n sul ations  of any type wou l d  s i fn i f i cantl y change the character i s t i c  
l ook of the street ; a s pects o f  pre servat i on of monuments woul d  e ven forb i d  any 
appl i ca t i on at al l .  The bu i l d i ngs that were ra i sed after 1 9 1 0  are s i mpl e r  i n  de 
s i gn ; here , the vi sual impre s s i on w i l l  not nec e s sar i l y have to c hange i n  case 
transpa rent i n sul at i on is appl i ed to the con t i nuous s tr i p  wi ndows or stri p para
pets . F i nal l y ,  houses dat i ng from the l a st  b u i l d i ng pe r i od in the 1 920s do not have 
any compl ementary ornamenta t i on . They are rendered s i mp l y  and the regu l ar i n ter
val s between the wi ndows wou l d even permi t  to mount p refabr i cated u n i ts . 

Desp i te rel at i vely l arge i n ternal court yards , the s o l a r  rad i a t i on i nc i dent on the 
exter i o r  wa l l s  i s  cons i de ra b l y  reduced in wi nte r .  The s outh s i de of the yard w i l l 
have 0 - 4 hours of sun da i l y and the street front u p  to 3 hours s i nce the area i s  
too den s e l y  b u i l t .  On accoun t  of the i r  des i gn , the rear s i des  of the ol d b u i l d i ngs 
are not s u i ted for an  appl i ca t i on of i n su l a t i on u n i t s ; for these part i cul ar req u i re
men ts ,  novel i nsul at i on sys tems s uc h  as sma l l format u n i ts or  tra n s pa rent pl aster 
mate r i a l s shoul d be devel oped . 

Stuttga rt Rot 

Afte r the f i rst  worl d war ,  the concept of l i near b u i l d i ng ( row un i t s )  came to the 
fore i n  urban devel opment . Th i s  type of b u i l d i ng concept wa s i ntended to prov i de 
equa l q ual i ty for al l res i de nt i a l  b u i l d i ngs , name l y  equal  ori entat i on ,  equa l 
cond i t i on s  for day l i gh t i ng and i nsol ati on . I n  order to  en sure that al l fl ats wou l d 
ge t the i r  share of sunl i ght e very day , bu i l d i ngs  were ma i n l y  ori ented towards 
ea s t  a n d  west , i . e .  the bu i l d i ng a x i s  had a no rth/ south ori entat i on . The tendency 
towards l i near bu i l d i ng wa s s t i l l  kept for some t i me a fter the second worl d war . 
In  the wa ke of Worl d Wa r I I ,  hous i ng shortage and b u i l d i ngs  destroyed by war cal l ed 
for i mmedi ate act i on . The quarter of Rot wa s des i gn e d  for 20 000 to 2 5  000 i nhab i t
ants and wa s bu i l t  from 1 949 to 1 959 . Th i s  e s tate c omp r i ses va r i ed types of b u i l d
i ngs  w i t h  two to f i ve s torey s . Cond i t i on s  for i nsol a t i on a re favourabl e and accord
i n g l y  for transparent therma l i ns u l a t i on as we l l .  The b u i l d i ng mater i a l s that were 
used for enc l o s i ng wa l l s ,  such as rubbl e concrete , b r i ck s  and ca v i ty b r i c ks for 
i nstance are su i ted for econom i ca l  appl i cat i on s . The l evel of i n su l ati on has to b e  
ra i sed , anyway . The great number of equal bu i l d i ngs  p e rm i ts c ost-control l i ng norma l  
factory product i on .  Moreove r ,  t h e  b u i l d i ngs • a rc h i tec ura l de s i gn coul d be further 
i mproved by means  of tra n s pa rent i n sul at i on . 

Fre i berg .!_ 
Compa red to Rot ,  the qua rte r of Fre i berg i s  d i s t i ngu i s hed by its  type of con 
struct i o n .  He re , fl oor pl a n s  are gene ral l y  more di ffe renc i a ted , b u i l d i ngs are 
more c u b i c  and bal con ies  a re i n serted i nto the ma s s i ng i n  front of the l i vi ng 
room s . Rot had s t i l l been b u i l t  i n  a trad i t i on a l  way , b u t  from the s i xt i e s on
wa rd s p refabricated construct i on methods u s i ng l a rge c omponents were ga i n i ng 
more a n d  more ground . Exte rna l  bu i l d i ng parts were pro v i ded w i th a the rma l i n sul 
at i on l ayer i nserted between the outer concrete l ea f  a n d  the structural i nner 
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l e a f .  Due to concrete corros i on some bu i l d i ng s  a l ready req u i re renova t i on .  Th i s  
type of sandw i c h  construc t i on pa rt i cu l a r l y  encourages tran sparent therma l insu l 
ati ons a s  there i s  no need for sol a r pro tec t i on . The outer conc rete l eaf heats 
up wi th inc i dent sunl i ght and prevents heat from fl owi ng to the outs i de .  Accord
ing l y , the centra l i n s u l a t i on l aye r prevents the i n ner l eaf from o verheating.  
The a rch i tec tura l impre s s i on created by the l a rge concrete un i ts can be saved 
and the bu i l d i ng surfaces can be ada pted to a mo re recent des i gn by se l ecting 
l i ghtly col oured obscure gl a z i ng .  Unfortunate l y ,  the l ocat i on of the bu i l d i ngs 
on a s l i ght northern s l ope has a sl i ghtly adverse effect on the i nc i dence of 
sunl i ght . 

Fre i berg ..!.!. 
Th i s  exampl e of another town qua rter wh i ch wa s p l anned a round the same t i me  a s  
Fre i berg I ,  shows a n e w  tendency . As i t  was fea red that an  ever i nc re a s i ng demand 
for hous i ng wou l d  des troy more and more of the open country , a new concept was 
created . Instead of arrang i ng flats hori zonta l l y , they were now a r ranged vert i 
cal ly  a bove each other i n  h i gh-ri se bu i l d i ng s .  Between these h i g h - r i s e  bui l dings  
that are s i tuated i n  a staggered a rrangement in  order to ensure good i n sol ation 
cond i t i ons there a re spat i ou s  green area s .  Ce rta i n l y  i t  wa s con s i de red that a 
concentrat i on of s o  many fl ats m1 ght have a negat i ve psycho l og i ca l  i nfl uence on 
the i nhab i tants . For th i s  reason , the fl ats were s ta gge red aga i n st eac h other to 
create i nd i v i dua l spaces shel tered from n e i ghbours . I n  terms of bu i l d i ng phy s i c s  
th i s  meant a very u nfavoura b l e enl argement of t h e  external surfaces , the staggered 
arrangement actual l y  has  the effect of a cool i ng r i b .  S i nce the se b u i l d i ngs were 
al so constructed w i th p refabri cated sandw i c h  u n i ts , tran s parent thermal insul a t i on 
laye rs can compensate for these adverse effects and contr i bute c on s i de rably to 
sav i ng energy . 

SUMMARY 

As i s  c l early demons trated by th i s  study , the re i s  an immense poten t i a l  for the 
appl i cat i on of tra n sparent i nsul a t i on s , part i cu l a r l y  i n  post-WW I I hou s i ng es
tates . On the other hand , there a re al so hous i ng e states or spec i a l  types of 
bu i l d i ngs where the b u i l d i ng sty l e  and the a b sence of sun restr i ct the use of 
such e l ements . Bes i de s , there are some construc t i on s  where the u t i l i za t ion of 
transparent e l ements i s  excl uded from the sta rt on grounds of preserva t i on of 
h i sto r i ca l  monuments . 

The exampl es cons i dered i n  th i s  paper are not restr i cted to Stuttgart ; they can 
be tra n sferred to other European countr i e s  w i th s im i l a r cond i t i ons  and h i stori 
cal devel opments . 
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Market potential of transparent insu lation for housing i n  the U K  
P.L.M. Hurd, A. Pollock, L.F. Jesch 

Energy Engineering (Birmingham) Ltd. 
192 Franklin Road, Birmingham 830 2HE, UK 

A BSTRACT 
The market for t ransparent insulation technology for housing in the UK is discussed on the basis of 

t rends in housing provision.  About 7 mill ion houses in the UK do not have cavity walls and could potentially 
benefit from the technology. In new-built housing, public sector housing provision has decreased dramati
cally so it is the private sector who must be convinced. Given the t rend to segment the housing market, it 
would seem that the newly retired are the fastest growing and most appropriate customers for new houses 
using t ransparent insu lation technology. 

I NTRODUCTION 
At the f irst Workshop for Transparent Insulation in Freibu rg ,  F .R .G.  in  1 986, A. Goetzberger and M .  

Rommel (1 ) have outlined the principle of the heating of bu i ldings b y  the application of exte rnal transparent in
su lation on massive house wall .  They have reported on a fou r-year test period of a single family house in 
Freiburg ,  suggesting that the potential energy saving in comparison to a conventional house is in the range 
of 80%. Trials in Birmingham in the UK reported elsewhere in this meeting support these f indings. 

This paper complements the examination of technical feasibility by looking at the potential opportunities 
and problems in the marketing of transparent insulation for use in housing in the United Kingdom. 

Five major sectors of build ings where applications are possible may be identified : commercial, industrial, 
public, agricultural and res idential (housing) . 

Our approach is to overview current trends and to identify g rowth areas in the UK within each sector. 
Many factors must then be taken into account to determine the appropriateness of transparent insu lation to 
particu lar markets. Each sector demands separate detailed analysis, but for the purposes of this paper No. 
5, housing, will be examined in detai l .  Within the housing sector, the potential applications for transparent in
sulation falls within  two areas : 

1 .  Retrofitting of older bui ldings without cavity wall insulation 
2. New houses 

R ETROFITTI NG 

I n  the UK, over 85% of the housing stock which pre-dates the end of the First World War was bui lt with
out cavity wall insu lation (2) .  Between then and 1 939 just less than half the houses built were without cavity 
walls. By the mid- 80's this figure is down to 3 . 1  % mostly accounted for by timber frame dwell ings. Figure 1 
i l lustrates this shift in building practice . However it is sti l l  the case that approximately one third of houses in 
the UK are without cavity walls: a total of 7,250 ,000 buildings which could benefit from the increased comfort 
and energy savings which external t ransparent insulation could provide. 

It is probable that the tapping of this market will depend on the development of appropriate standard pa
nels .  In some cases the aesthetics wi l l  be an important issue. In others an effective solution to the problems 
experienced with cold and damp may outweigh the feeling about appearances. In most cases however the 
central issue will be the capital funding of the retrofit . 

N EW- BUILT HOUSING 
As shown in  Fig. 2 ,  the housing stock in the United Kingdom totalled more than 22 mil l ion dwel l l ings in 

1 984, more than one and a half t imes the figu re of a little more than 1 4  mill ion in 1 951  (3) . Within the last 
decade political changes have caused a large fall in public provision of housing. This has resulted in a net 
decrease in the annual number of houses built, i l lustrated (4) in Figure 3, and the impetus for growth has 
swung dramatically to the private sector. The last ten years have also seen a considerable rise in personal 
income and in disposable income (5) . Bui lding cost rises (3) are i l lustrated in Figure 5 .  

Judging from current t rends i t  would seem that i f  transparent insu lation technology is  to gain a foothold 
in the housing market in the UK,  then it is the builders,  developers and consumers who must be convinced of 
its benefits. 

MARKET TARGETING IN THE HOUSE-BUILDING BUSINESS 
It is now common practice for bu ilders to target their developments at particu lar sections of the market. 

Homes are bu ilt specificaly for groups such as the "first-time-buyers" or the "second-time-around buyer" . 
The differences are reflected in the amenities and price of the houses. It would seem that the value of trans
parent insu lation in increased comfort, reduced energy costs and increased autonomy would be best appreci
ated by 'second-time' house-owners. They will have f irst-hand experience of the costs of energy and the 
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value of comfort - and are most likely to be able to meet the initial extra capital outlay. There is however a 
market sector which may be even more attracted to the use of transparent insulation technology in their new 
homes: the rapidly growing group of the newly retired. 

H OUSING FOR THE ELDERLY 
The most significant new market for housing is the increasing number of elderly in our society. Until 

very recently 'housing for the elderly' signified an old peoples home : usually a publicly funded faci l ity for old 
people who were no longer capable of living independently. Today a whqle new industry is growing up 
around provision for the needs of the increasing number of relatively well- off people at the age of retirement 
and afterwards. The 1 950's and 60's saw the birth of the teenager: today's media have almost finished with 
the yuppie "young, upwarldy-mobile professionals", and are now proclaiming the birth of the "glam": 
"Greying, leisured, affluent, married". Life expectancy in the 1 980's is il lustrated in Figure 6. 

In fact 1 500 people in Britain reach their 65th birthday every day. More than half a mill ion will do so this 
year. Of those who are 65 today, men will live on average another 1 4  years, and women another 1 8  years. 

Within this decade, the implications of these figures for the bui lding industry have changed enormously. 
The existence of sheltered housing, usually for rent, is now established. In a report prepared by the Univer
sity of Surrey in 1 986 for The Housing Research Foundation (4) , it was estimated that 300,000 sheltered 
housing un its were in existence by the end of 1 985, and that the annual increase for th is type of accommoda
tion was 20 - 24,000. It is however the growth in privately owned, purpose-built retirement homes which is 
most striking. Before 1 983 fewer than 2,500 such units were built, while by 1 985 this number had in
creased to 3 1 ,000. Buyers of these homes are looking for both accommodation which is appropriate to their 
needs, and which is a sound investment of their money. 

Many of these people will be living in houses which are too large for them now that the ir children have 
grown up. Such people are in increasing numbers realising the capital from their large family-sized homes 
and are sell ing out. They use part of the proceeds of the sale in purchasing a new home and invest the rest 
to provide an income to supplement their pension or savings. These elderly capital-rich house-purchasers 
are will ing to invest in capital intensive technologies so long as that this will result in comfortable conditions 
and later economies in maintenance and heating costs. "Prices are high,  but so are standards" is the com
ment of a national newspaper in relation to this area. (6) 

If ten percent of people buy a new house on their 65th birthday and 1 0% of that 1 0% clad their new 
house with transparent insulation ,  this would result in a sale of 5000 passive solar energy projects per year. 

It must be borne in mind that that this market will be a cautious one: consumers making the final large 
investment of their lives will want proof of a sound and well-developed technology. However, a new wave of 
quality-consciousness, spear-headed by the requirements of the relatively affluent elderly, is now afoot. At 
the Centre 'or Applied Gerontology at the University of Birmingham a strong programme is underway to in
fluence product-design and marketing decsions in favour of the elderly.With the widespread adoption of a 
motto, not only this market, but also the entire home-building industry may be opened up. 

Using the logo of an owl as a seal of product approval ,  the staff insist : 
"Design for the old and you include the young -
Design for the young and you exclude the old" 
This motto will certainly be one to see us into the next decade when today's fledgling transparent insula

tion technology - and its market - will learn to fly ! 
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A low energy a ir  heated solar house with transparent i nsulation 

L.F. Jesch 

ABSTRACT 

Energy Engineering (Birmingham) Ltd. 
192 Franklin Rd., Birmingham B30 2HE, UK 

The design of a single family, low energy, air heated solar house with transparent insulation has been 
completed. To be built in Birmingham, UK it has 91 m2 floor space in a split level arrangement. In the M id
lands cl imate the house requi res no auxiliary heating but it needs cooling during a port ion of the summer. The 
cooling is achieved by variable air change rate ventilation The method of stepwise parametric optimisation 
was used for the prel iminary design using the f-lo;:1cl r.omputfff simulation program. The detailed design, 
based on the Transparent Insu lation Computer Aided Design TICAD program is now being implemented. 

D ESIGN 
Based on long term average climatic data the monthly net solar gain for the year was determined. This 

was augmented by internal incidental gains from cooking, electrical equipment and people. The total heat 
gain from all sources was balanced against heat loss through the envelope of the house and against heat 
Joss due to infiltration. 

By ·using t ransparent insulation ( 1 )  and by varying the s ize and insu lation characteristics of the building 
e lements it was possible to achieve a "zero heating" requirement design solution at the expense of some 
cooling in the summer. The design met the original specifications of the building and required only standard 
material most of which is readily available locally. 

Part of the roof has so lar a i r  collectors which are made with transparent insu lation covers, the other part 
has t ransparent insulation for direct solar gain. The east, south and west facing walls are also fitted with 
t ransparent insu lation and passive solar heating provides most of the heating load. Movable insu lation is pro
vided by shutters which reduce the night time U values and increase the privacy and security of the bu ilding. 

Solar heated air from the roof collectors is passed through two parallel pebble bed heat stores positioned 
on either side of the stairs in the center of the house and each being two story high. This and the high density 
walls together with the concrete floor provide a very large effective thermal mass to guarantee that indoor 
temperature variations wil l  be minimised. 

The north end of the building Is partly earth sheltered and is well insulated. The floor of the living room is 
floated on 1 00 mm polystyrene insu lation.  All windows are triple glazed and equipped with insu lating shutters. 

SIMULATION 
The preliminary design used a simple strategy of stepwise parametric optimisation .  The parametric runs 

covered different allowable relative humidity levels and different day and night room temperatures during both 
the heating and cooling seasons. M inimum operating cost was the objective to reach. 

By varying the ventilation rates (more in the summer) infi ltration cou ld control the comfort in the house. In 
practice most people would open windows and use natural or  forced ventalation (2) particularly when the out
side temperature was below the desired room temperature. Thus using the ambient temperature for cooling 
reduces (3) the number of cooling degree-days. 

The quasi optimal design resulted in zero annual total heating requ irement and 983 kWh annual total 
cooling requirement, which was considered small for Birmingham conditions if a s l ight rise in summer indoor 
temperature is accepted for a short period of time. The variable rate air cooling is designed to match the cool
ing load requirement .  The building has low natural infiltration. 

The cost of build ing the solar heated house was analysed and found to be competitive with conventional 
houses which use gas or oil f ired central heating systems. The fan forced air cool ing is extremly economical 
and cost effective . 

B U ILDING DESCRIPTION 
The house is at 52.4 degrees northern latitude, the yearly average ambient ai r temperature is 1 0.2 °C 

and the annual total horizontal solar radiation is 960 kWh/m2. The bu ilding as shown on Fig. 1 .  is rectangular 
and facing due south. The l iving room (L) has a glazed south wall, behind it are the dining room (D) and kit
chen (K) facing east and west respectively. As the building stands on a sloping ground part of the north end of 
the ground floor is earth protected. 

The bedrooms (B) and the bathroom are on the upper floor on the north side of the building in a split 
level arrangement, not on top of the living room. The stairs are between the dining room and the kitchen lead-
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ing from the living room to the upper level between two structures which separate them from adjacent spar.es. 
These structures contain the pebble bed heat store. 

The south facing s loping roof has solar air collectors near the apex and a glazed lower portion which 
joins the large window walls. Part of the design process concentrated on finding the right balance of areas 
and positions between glass and non transparent walls and roof. The more glass is used the less heating is 
needed but at the expense of summer cooling. 

NATURAL LIGHTING 
Using transparent insulation enabled the control of heat passage in and out of  the house and improved 

the design by combining heat and light inside the house. The lower, southern end of the living room has much 
glass on three sides and transparent insulation below the glass on the roof. To avoid glare movable and ad
justable shutters and louvers are used for shading, but during daytime the room will be airy and light and 
t1·1ose in i t  will feel that they are in a much larger space then in reality they are. 

TRANSPARENT INSULATION 
The lower part of the roof, the air collectors, all east, south and west facing exposed walls have transpar

ent insu lation on the outside ,  supported by metal frame or wooden frame and covered by glass. Only win
dows and the large patio door are not covered with transparent insulation. 

CONCLUSION 
The limits of infiltration control strategy are recognised especially when the ambient temperatu re is close 

to room temperature or the ambient relative humidity is high. Large air flow rates can increase air velocities 
beyond comfortable (4) levels. In such cases it is common to use an enthalpy controller which operates the 
ventilation system when the enthalpy of the outside air is low enough to meet the requirements of both the la
tent and sensible cooling loads. 

A house can be heal�d lulally by solar energy and by normal incidental gains in a northern climate if 
transparent insu lation is used in a carefully designed manner. The total cost of the house is competitive with 
s imilar size buildings when low energy operating costs are taken into account. 
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Retrofit of an old 8 fam i ly house by transparent wal l  insu lation 

E .  Bol l in 

Fraunhofer-lnstitut tar So/are Energiesysteme 
Oltmannsstrasse 22, D- 7800 Freiburg, FRG 

ABST RACT 

Retrofitting of buildings erected 30-40 years ago in Germany has a high potential for transparent 
insulation. Suppositions for this application will be specified. The state of the art of the currently 
undertaken pilot plant SONNENACKERWEG FREIBURG will show simulation results, architectural 
sketches and prototyp facade design. 

RET ROF I T T I N G  I N  T HE C I TY OF FREI B U R G  

The pilot plant "Sonnenackerweg" is situated in a residential quarter erected in the 50th as a low 
cost housing construction by the Siedlungsgesellschaft Freiburg. In this residential quarter the 
dominant construction is a two storey house for one or more families. 45% of the buildings which 
belong to the Siedlungsgesellschaft Freiburg are elder constructions and don't have a central 
heating system. Most of them are in �he same state as the building of the Sonnenackerweg . The 
average housing space of about 48m is typical for Freiburg, which has more than 50% single 
households. The Sonnenackerweg pilot plant should giv� an exmple how to retrofit those buildings 
with transparent insulation materials. The part of the building including the living and sleeping rooms 
is orientated to south-east (Figure 4) . 
The construction in detail: 

outside walls: 
ceiling: 

30 cm brick ( A.  = 0,55 W /mk; g cp = 1 200 kJ/m3k) 
concret 

window: 
insulation: 
heating system: 

single glass 
no 
single stove heating 

The retrofit of the Sonnenackerweg is part of the "Retrofit and Modernisation Programme" of the 
Siedlungsgesellschaft Freiburg, which has a 4 year budget of 80 Million DM for 1 .837 dwell ings. 
This retrofit programme includes the following steps: 
- double glass windows 
- insulation of roof and cellar 
- electric and sanitation installations 
- retrofit of the roof, chimney and window shutters 
The insulation of the outside walls is not included. 
The specific cost of this retrofitting measures are about 450.- DM/m2 . If insulation of the outside 
walls with opake material is included, the specific cost will increase up to 534,- DM/m2. 

F I VE SUP POSI T I ONS FOR RET ROF I T  W I T H  T RANSPARENT MATER IAL 

The following suppositions are necessary for the application of transparent insulation materials for 
retrofitting : 

- For to have a good efficiency with this solar application the wall should have a high heat 
conductivity 

- For to use the wall as a puffer for solar heating a high storage capacity is necessary. 
- For to absorb a maximum of solar radiation we need a nearly detached building. 
- For to get a benefit for the investment cost an existing single stove heating system is a 

necessary supposition. 
- Transparent wall insulation should be a part of a total energy retrofit programm. 
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OBJECTS OF THE D EVELOPMENT OF T RANSPARENT WALL I NSULAT ION 
FACADES FOR RETROF I T  

I n  figure 1 the principle of the transparent wall insulation facade is shown. To fix the transparent 
insulation material we need a frame construction with low heat conductivity. The regulation of the 
heatflow in this element is done by a variable shutter system. An outside glassing protects the 
construction against the weather. At the lnstitut tur Solare Energiesyteme of the Fraunhofer
Gesellschaft we have 5 year experience with roller blind installed between the two glaspanes of 
compound double glass windows (figure 2 ) .  With this constru�tion the u-value of a conventional 
compound double window could be reduced from 2 .6  to 1 W /m k with the blind closed. 

Figure 1 :  principle of the transparent wall 
insulation 

,[ 

Figure 2 :  compound double glass window 
with integrated roller blind 

With regard to an easy handling and low investment cost, we fixed the following obj ects of the 
development: 

- a compact construction with a wood frame to which the insulation material and the roller blind 
could be attended. 

- prefabricated moduls 
- low installation expenditures at the site 
- maintenance should be easy to handle 
- appealing appearance 
- high weather resistance 
- open construction for water vapour diffusion. 

With regard to these objects and with the know-how of the window construction we sketched a 
wood-metal construction. Figure 3 shows a vertical section of this modul. To adapt the modul to 
the predictions of the architecture the sizes of the frame could be modified. Maximum lenght and 
width are limited by the measures of the roller blind construction. For such a module a length of 
2 .5m and a width of 1 .5m is typical. 

S I M ULAT I ON RESULTS FOR THE SONNENACKERWEG 8 FAM I LY HOUSE 

With the help of the simulation programme "Suncode" the lnstitut fUr Bauphysik of the Fraunhofer
Gesellschaft did some simulation of the yearly heat consumption and maximum heat requirement 
for different insulation standards. Table 1 shows the results of this calculation, where as for point 

72 



2 )  to 5) a u-value of the roof of 0.3 W /m2k and 0.55 W /m2k for the cellar ceiling is predicted. 
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in•uhuon 

Figure 3: vertical section 
of the transparent facade 
module 

cover 
,,,,,------

1 )  

2 ) 

3 )  

4 )  

5 )  

( H W ti  l 

u i s t i n g  b u i l d i n g  

construction 9 0  HWh 

o p a k e  insulation wit.h 

6 '" St yr op or 

u - window . 2 ' 6  W / ni 1  k 4 0  HWh 

ocio• 1' 1  anu.1hlion 111Hh 
6 ,. S t y r o p o r  

u - window) dey • 1,0 W/n'k 

u - windrnt/night c 2,6 W/•1k 30 HWh 

t r a n s p a r e n t  W B l l  
i n r;; u l e t i on • I I  a r o u n d  

t o e  b u i l d i n g  

u - 1111indow/dey = 1 , 0  W/mlk 

u - window/night • 2,6 W/m'k 1 6  H W h  

t rlMiperent w e l l  

i n s. u h t i o n  •l  the S E  

1 n d  SW f a c a d e , 10 '" 
S t y r o p o r  • l  t h •  N E  e n d  

NW f e c e d e  

u - window/day .. 1 , 0  W/m1k 

u - window/ night • 2,6 \lj/m1k 1 7  HWh 

Table 1 :  Simulation results 
for the 8 family house 
at Sonnenackerweg 

( k W J  

5 6  k W  

2 7  k W  

2 7  kW 

2 4  k W  

2 5  '" 

Based on this results the following retrofit steps for the Sonnenackerweg project are fixed: 

- transparent insulation of the south-east and the sout-west facade with 1 Ocm honeycomb 
material 

- opake insulation of the north-east and north-west facade with 1 Ocm PUR panels 
- 1 Ocm PUR panels covered with aluminium for the insulation of the cellar ceiling 
- compound double glass windows with integrated roller blind 

FACADE D ESIGN 

Architects participate in this project since the beginning. Figure 4 gives an impression how 
transparent insulated facades could embellish the appearence of this building. 

! 
I 

--n- - - I - 11 - -

I I � ' I _ 1 · I 

I [iiii IlllI }ill! ill@ I 
I I I 1 I 

! iiiill � I ii illil1 J ' I - I 

Figure 4:  View of the south-east facade of the 8 family house at the Sonnenackerweg, sketched 
by the architect R. Disch, Freiburg 
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ABSTRACT 

Se lf-sufficient Solar House 2000 

A. Goetzberger, W. Stahl 

Fraunhofer-/nstitut fur So/are Energiesysteme 
Oltmannsstr. 22 D-7800 Freiburg FRG 

I he concept of a bu i l d i n g total l y  i ndepender i  t of any other energy source t h an 
so l ar r ad i at i on i s  present l y  be i ng deve l oped at our i n st i tute . Therma l conver
s i on of sol ar energy by means of 11 Tran sparent I n su l at i on Materi al s "  prov i des 
energy for space heati ng  and " Domest i c  Hot Water 1 1 • Photovo l tai c cel l s  dri ve a 
c l osed l oop Hydrogen/Oxygen System for h i gh cxergy energy demands . Pres sur i zed 
gas -contai ners are used for compensat i ng d i fferences i n  sol ar supp ly  and 
demand . For per i ods  wi th  very l ow sol ar i nput the H2;o2 -System al so serves as 
back up for heati ng purposes . 

I NTRODUCT I ON 

Sol ar energy research and the app l i cat i on of al ready commerc i al ly  avai l ab l e 
sol ar energy systems i s  extreme l y  i mportant for today and for our future . Ex
haust i b l e  fos s i l fuel s ,  exponenti al l y  i ncreas i ng c arbon-d i oxi d content of the 
earth ' s  atmosphere , poi son i ng of envi ronment and the r i sks  of nuc l ear tec hno l 
og i es strong ly  support sol ar energy as a l ong-term energy source . 

The very h i gh energy con sumpt i on of so-ca l l ed i ndustri  a 1 i zed countri es i s  to 
al most 50 % due to Space Heati ng ( SH )  and Domest i c  Hot Water ( DHW ) i n  
bu i l d i ngs . A fami l y  l i v i ng i n  a typ i c a l  resi dence i n  a European countrt 
consumes 30000 kWh per year . The sol ar i nput onto the res i dence area of 1 00 m 
i s  1 00000 kWh per year . 

The a i m  of 1 1 Sel f-suffi c i ent Sol ar House 2000" ( SSSH 2000 ) i s  to show t h at i t  i s  
pos s i b l e  to meet al l the res i dent i al  energy needs by sol ar radi at i on fa l l i ng 
onto the surface of the house wi thout any fos s i l  back up and wi thout e l ec
tri c i ty connecti on to the  gri d .  The house wi l l  be des i gned fo l l owi ng  pas s i ve 
sol ar arc h i tectural  ru l es .  

SSSH 2000 - mai n sol ar components 
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T IM 

Transparent I n s u l ati on Materi al s ( T I M )  are subject of vari ous  researc h act i v 
i t i es i n  our  i n sti tute . Theoret i c al  and exper i mental  i nvest i gati ons have  l ed to 
a deeper underst and i ng of the materi al s .  F i rst app l i cati ons  show fasc i n ati ng 
resu l t s .  F l at p l ate col l ectors reach the s ame effi c i enc i es as vacuum tube 
co l l ectors , box type so l ar cookers h ave stagnat i on temperatures of 200°C , so l u 
t i ons for seasonal  storage are expected . 

HEAT 

More than f i ve years ago f i rst exper i ments wi th tran sparent ly  i n s u l ated wal l s  
for SH purpose were carr i ed out i n  Fre i burg . These experi ment s h ave shown that 
the Trombe concept c an be dramat i c a l  1 ¥  i mproved by T I M .  Today T I M-wa l l 
heati ng-systems wi th u-va l ues bel ow l W/m K s how pos i ti ve heat bal ances , e . g .  
the  wal l i s  a heat source contri buti ng to the overal l SH demand . Heat f l ux 
regu l at i on systems are needed for overheati ng protect i on . Concept s of u s i ng 
poor T I M  wi thout regu l ati on are d i s adv antageous  due to l ow heat i nput duri ng 
heati ng season . 

Work has started to des i gn the T I M-wa l l heat i ng-system for the SSSH 2000 . Ex
i st i ng s i mu l at i on programs ( ESP , S I M-HAUS ) are bei ng changed for TIM app l i c a
t i ons ; new programs  are wri tten . Contri buti ons of wal l heat i ng to ai r exch ange 
heat demand and system opt i mi zat i ons  have to be i nvesti gated . Dec i s i ons between 
wi ndows , wal l heat i ng and opaque i n s u l at i on depend i ng on ori entat i on are 
pos s i b l e wi th the computer s i mu l at i on programs . 

For DHW the I ntegrated Storage Co l l ector ( I SC ) wi l l  probab l e  be used . The I SC 
i s  superi or than convent i ona l  systems due to operat i on wi thout heat exch anger . 
Th i s i s  pos s i b l e because transparent i n su l at i on and h i gh  thermal mass prevent 
freez i ng .  So l ar fract i ons of 90 % are c a l c u l ated for opt i mi zed systems � 

The f i rst  s i mu l ati on s  of the remai n i ng total  heat demand of the SSSH 2000 end 
up wi th val ues of 9 Wh per m2 heated l i v i ng area and heat degree days . Pos s i 
b i l i t i es of d i str i but i on ,  regu l at i on and recover i ng of heat are not yet i n 
c l uded i n  th i s va l ue . I n  u s i ng such  systems we expect s i gn i f i c ant further 
decrease . 

The heati ng system for the SSSH 2000 i s  based on more or l ess  commerc i a l l y 
avai l ab l e component s .  The a l most neg l i g i b l e  heat demand cou l d  be met by conven 
t i ona l  energy sources . Wi th these systems the SSSH 2000 a l ready repre sents a 
very va l uab l e demonstrat i on of sol ar energy app l i cat i ons for decreas i ng depen
dences on fos s i l and nuc l ear sources of energy . 

HYDROGEN/OXYGEN SYSTEM 

Bes i de l ow temperature heat energy wi th  h i gh  exergy content for cook i n g ,  l i ght
i ng ,  commu n i cat i on and mec han i c  power i s  needed . Sol ar generated H? .and o2 are 
g ases c apab l e to meet these demands . H and 0 c an be stored effect i ve l y  wi th 
h i gh  energy dens i ty and th i s i s  nece s s afy for s� l f-suffi c i ency . Comparab l e  bat
tery systems are expected to  be  s i gn i f i c ant l y  more expen s i ve than th i s  gas  
system . 

The H /02 -System i s  devel oped as a c l osed system wi thout any envi ronmental  i n 
f l uenEes . The e l ectri c power generated by a photovo l tai c array i s  fed i nto an 
e l ectro l yser . H

_? and O? are stored i n  separate gas -contai ners . C at a l yt i c reac 
tors are adj u s r-ab l e  fr-om l ow to h i gh  temperature heat demands and therefore 
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su i ted best for cook i ng . A fuel  ce l l c an produce e l ectri c i ty .  For short t i me 
stor age and equa l i zat i on of PV i nput  a smal l l ead - ac i d battery capac i ty i s  con 
s i dered . Wi th a DC/AC i nverter and e l ectroni c contro l s  a 2 20 V AC house gr i d 
wi l l  supp l y  new energy s av i ng e l ectr i c  dev i ces . Becau se of the l ow remai n i ng SH  
and  DHW  heat demand th i s demand can al so be covered by the H2/o2 -System . 

CONCLUS I ONS 

TIM and H :/02 - system are the bas i s for bu i l d i ng houses wi thout connect i on to 
the e l cctti c gri d and wi thout fos s i l fuel  consumpt i on .  Wi th the "Se l f - suffi 
c i ent Sol ar Hou se 2000 1 1 i t  wi l l  be demonstrated that al so i n  European c l i mates  
sol ar rad i at i on has the potent i a l for substi tut i ng  fo s s i  I and  nucl ear energy . 

l he project i s  a further step towards  app l 1 cat 1 on of T I M ,  and i s  needed for 
exper i mental  veri f i c at i on of the decrease of heat demand . It i s  a l so very 
va l uab l e  for demonstrati ng app l i cat i ons of so l ar energy systems and can there
fore serve as a further step i n  so l vi ng the  energy prob l em .  After c l ari f i c ati on 
of f i nanc i a l  support the project i s  expected to start i n  1 988 , and construct i on 
i s  expected to be f i n i shed i n  not more than 4 years . 
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CONCLUSION 

Dr. L. F. Jesch 

Energy Engineering (Birmingham) Ltd. 
192 Franklin Road 
Birmingham, B30 2HE, UK 

The development of a convection suppressant material with 
h igh t ransmissivity is the start ing point for a new technology with 
many potential applications. The 1 988 Workshop - the second in 
the series - marked a significant point in the evolution of this tech
nology. 

I ntensive basic research is the natural and necessary f irst step 
in establishing any new technology: materials development is the 
second. I n  1 986 the preoccupation of the transparent insu lation com
munity was to advance basic research and development and the 
papers presented indicated this clearly. 

In the 1 988 workshop new interests were added: we are now 
thinking of the systems and components which use those materials 
produced by R&D. We have also started to think about the future 
needs of design,  so simulation papers were presented. 

Particular attention was paid to the potential applications for 
transparent insu lation in buildings. At a time when the benefits of 
passive solar architecture are becoming universally acknowledged 
and accepted, it would seem that transparent insu lation wil l have a 
s ignificant future role in this area. The designer of transparent insu
lation architectural components must consider their aesthetic integra
tion into the bu ilding as well as their thermal performance and costs. 

In 1 988 then, we have identified a whole new set of problems 
related to applications. Discussion of the thermodynamic properties 
of transparent insulating materials remains impo rtant but increasingly 
we are ready to address the questions of customer acceptance of a 
future product. For the first time market research entered the discus
sion and economics was considered: a sure sign that soon we shall 
be able to bring the products to the mar1<et place and satisfy a need 
- if it sti l l  exists when we get there ! 

If we continue with basic research plus components and sys
tems development while keeping an eye on the market and solutions 
to aesthetic problems, we are well on the way to providing heat, 
light and comfort to the customer, with energy savings thrown in for 
good measure. 

• • • • • • • •  

These Proceedings are published eight weeks after the work
shop. This is possible because of the co-operation of the majority of 
authors who produced their camera ready copy on time and accord
ing to agreed specifications. 

By publishing the proceedings after the presentations we 
preserve the character of the workshop which is an essentially im
mediate and informal interchange of info rmat ion. The fou r i's. If we 
would produce the proceedings in  advance the results reported in 
them would be several months old. Presently the science and tech
nology of transparent insu lation moves so fast that it is better to rec
ord the information at the time of the presentation.  Perhaps in 2-3 
years t ime we wil l  be able to welcome all delegates with freshly 
printed Proceedings. 
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