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ABSTRACT 

Low energy buildings should satisfied two main tasks: to assure a low energy use and provide 
an excellent residence comfort. The building envelopment elements, especially the transparent 
one, have major influence on both tasks. The paper presents research results of heat transfer and 
fluid flows through double pane window with tight, opaque insulation screen. The insulation 
screen was installed in such a way, that a semi open air gap was formed. An air gap is 
connected with the building interior through an opening on the bottom and with exterior 
through siphon at the top. This "S" shape air gap enables the reduction of the heat loses in the 
winter time by heat recovery through ventilating air and it reduces the heat loads during the 
summer as shading and solar chimney element. 
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HEAT TRANSFER THROUGH WINDOW AND VENTILATED INSULATION 
SCREEN 

The flow of an infinitesimally small volume of a fluid is described with differential equations 
for mass, motive force and energy conservation and the constitutive law of Fourier law of heat 
conduction, Newton law of cooling and Stefan-Boltzmann law of heat transfer by radiation. 
The finite-volume method and the PHOENICS computer code were used for numerical 
evaluation of heat transfer in observed system. Both the finite-volume method and the code are 
described in detail in [ 1,2,3,4,5] . The code was supplemented with an external module for the 
calculation of Gebhart radiation coefficients. The following main assumptions are considered: 
heat transfer is quasi steady-state and two-dimensional, the fluid is incompressible, Newtonian 
and ideal gas , the flow is laminar, the Boussinesq's buoyancy approximation is used. 
Geometrical model of window with ventilated screen is shown on Fig.I, while simplification of 
geometrical model and boundary conditions of numerical model are shown on Fig. 2. 

Fig. 1: Geometrical model of the window with 
ventilated screen 

2b +<k 
. - ·  -, 

outer cavity inner side of j 

'
yl 

r•sipho: � -i: 

inlcl ur 
uutlel 
opening 

i 11 f.. . - :�':;::::� TJ di dm de ' outer side or 
- outer cavity 

b2 i b 
oullet ur � 1r1i' -� � • inlet 

I- • 

opcnin& 

... ...� 

•x_I .x.l 
-· x3 

he.at mirror 

,.. ab�.orbcd 

sol0>r G' radiation 

Fig.2: Numerical model and boundary conditions 
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The numerical model was verified by measuring temperatures, heat fluxes and velocities and 
the visualization of fluid flo� on a experimental component. For the fluid flo�1 Q.QServation 
cool tracing smoke Wf.%. used�together with a digital video imaging syst�m. As velq�i,ti�.!were 
very low (vmax <. o:3: 'ijiJs)��Q� digiij} video imaging system was also used f�t lli:e velocity 
measurements. 'Fhe resu�ts aie stated in [ 1] . After a successful verification vari us parametric � . , numerical studies were performed.: . -; · 

. ,. ., .. � , . 
. , :• , 1.' 

Win!}ow with ventilated ins�laiion screen as an element of dynamic therll)al insulation 

A n�wly}designed facade element with a ventilated insulation screen enables natural ventilation 
by simultaneous heat recuperation. The element acts as dynamic thermal insulation. Ventilation 
remains baseq on.!:moyancy. The height of the opening on the lower part of the outer cavity was 
selected such that (b2 = b/4 =b1/4), which provides sufficient ventilation of.the imaginary space 
behind the component and ensures the required residential comfort. ; · ' .; · 

The following p.umbers were introduce.d to ass((si; the efficiency of ventilation and heat 
• - � . "• � 1'l . . J. recuperation: · 

: , ' 
• '<legr�e of ventila�on y which is the rati'o petween the a�t�al intensity of ventilation n and the� 

refere�ce value.· -,.rer; the referen�e vhl:u�' corresponds· .to the ratio of the size or-analyzed 
bq.ilding envelopp_ component and the ,ground plan of the room and typiciµ floor· height iri 
residential buildfugs; in oui case the Drerwas 16.8 m3/h; · 

• effective heat transfer.2oefficient of a double-cavity component: 
' '  

U 
_ q;.L.s-QCJ!f:,prim -Orce.sec 

·" i;�r - L.s.(1; -TJ 
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) \' i. • ·; ·::; 
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where s is component's length and Oree, prim is the share of heat transferred thr,Qµgh the inner 
cavity towards the outside, which is_ taken up by air entering the cavity through a siphon and 
exiting into the room through an opening with height b2• It is dete.rmined using the following 
expression: 

,. ... '\ 
·' 

·� -·� ,. 
Qrec,prim = p.vou1 · Cp .b2.s. (Tou1 -T;n); 

.. , 
1 yl ,. 

Tout =·-b J_Tj�;ay1 
2 l-b2 .. y -� -

and 
·� 1- �3=x2+b1 

1;0 = - J�Y2dx 
l i::i.:. 

bl . .  x2 .. (2) 

. ��.i'" ;-1-l.�: � � ·ft..,-..:..-·.,, "" .. .�· 
Oree, sec is the share of heat transferred tli,rpugh the outer wall ofth_e outer,·wruch is taken up�,��� 
cold ambient air to the entry to the siphon's cavity. This is .. def�ined J.1-��Jtg the following 
expressi_dh:. I ; .. i ;h,it 

Qre��e�-"". P· v out .c�\2 .s.{1;·�· -TJ (3) 
it _: •• ' • •  i • · '' . 1 ':.·,:··:''.!' .· ·. 

. <:� ::: : , : ,, _  . , .. 1 ,:···ir:;:., ,:·--�. · ,,u. ·, . .�' 
On Fig. 3· · eff�ctiye hea(transferucoeffic}ents in two-parametric form (y=nlnrer, Ti-Te) for two 
selected emiss1�ities • e�. 'of hiner' ·s·creen 1 surface are shown. As can be seen, effective heat 
transfer coefficients at both observed emissivities are almost independent of the temperature 
difference, but strongly dependent on the degree of ventilation. They 'f«ilf' s�eepfy-iip'td��.F1:1egree 
of

.
,v

. 
ntiJa�on ofy�0.4, but th�ir v.�lue� ¥� ahp9Sf ��ns1t�t

-
� }�ef.�g.e_ 0.8�y�l.�.'. in �hi�h r_he 

ffilllill}l;lffi is foynd as well. Smc.f1,rJlese, p�gree.s . .?f ve{\t1latl9n ar� op�1mum fro!Il the viewpoint 
of residential _comfor�, .9Etinilim,pmctiotjfng of t�e double.:-ca���y·anci sipbon .�. 9p1ponen. t 'is .iaiso 
ensured. A ;large influence of the heat'mi{Iori� proveQ./:Effecti:ve heat tran�fer coe�ficiept is 
reduced at Ee=0.9 to 0.48 W/m2K and to 0.145 W/m2K when heat mirror is used (both cases for 
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Figure 4: Heat fluxe� though of double pane 
window with ventilated insulation screen 

Figure 5: Degree of ventilati6n,thlough op�ned 
sqeen cavity · ->• 

·: J[ 

wINDo\v WITH INSDLATION SCREEN AS PART.OF THE ENVELdPE #1' 

Despite of all good characteristips of window with v�ptilated insulation screen the real value 
can b�_ seen when this element is o!��erved as�enve,.,<;:rpe e!e�ent of the builciirtg'in non steady 
state,.altyear co�c;f.itions. The .. ��YS code was' us�ci to· apalyze the thetmal response of the 
typical residential office with such envelope element during the winter and summer period. One 
or several TYPEs 9, 14, 16, 19, 25 and 33 were used inside TRNSYS code. The code was 
verified by measurements of indoor temperatures and meteorological 'Ciatas in Cell A shown on 
Fig. 6. The results are presented on Fig 7. According to the good agreement between measured 
and simulated values, the TRNSYS code has been used for further _simulations. Cell with 4m2 
window and 20m2 floor area was chosen for observations (Cell B on Fig. 6). The winter and 
summer periods were analyzed separately using 6 month periods from Test Reference Year for 
Ljubljana (certtta:lEmop'e climate, DD 2985). ,7; . , .. 
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Fig. 6.: Multi story building with Cell A and B Fig. 7: Comparison between measured 
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1,:,-:,::< .�; - , .::;·:11 r . '. :;.;� •tr". "·'.. . " - ,: · �c· ,_ .. : ..... (f�c11A,simu1) (<;>Ft�lf )\f�<?ll}�g.6 · - ·c . . . �;" . 
• 41" /. • ,,.) '·•1 .J!i. ' . .  J . : ... ��·f 11 : ·r' -�.::. u t · ... ,.L· .. ;.e IJ��. :·- . ..:1; ::::1.J..'· .. ::.��-·--: J .. �, , . .  ;·�·J.·:·-·J··-= '"';�·�.>-!· �; � -1. ::J.i; ·r.;�:�·· ... ir1; ;>::t\'"·:·:·=:··��:: .. -�·-;,_,,-! :t.: �.t(�:��i:-../r�-J(/.J · ·:: ... !�-�1s:�.: .- �i'1!,�r. .o��ratjp_n, m�fle .. :·" ·: �,,:r.• : :, ·"'. \. , :·." :;r . " - u '1-�·t:: .. :r"::· -L : . .  __.. t _: ' ': '.Jll:. i:: .:1 . 

J:'�r. w,intyr 1p�i}.o.d anaiy_ze� .. fi1.e� da�a f;o� TitY1S��weei1 'the 1�1 lifoctobef and the ·30m-�fApril 
were usect.:1XPE 14 in·'tRNSY�_�b�e was used.:�o �-d�se" insulation screen_ioetween 6 pfu'ahd 
6 am next moqting for every, 'day·. hlthis time Uer {eq. 11) has b'eeir used:insteaa of regular 0 
valu� of the .�indo\_\!. Two parametric polynoiTi .-(from 'Fig. 3): has been used for» Der 
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y = 1). The latter value therefore represents only 1116 of the value of heat transfer coefficient of 
a standaid'window with'dotible·'glazing. The risk of,the condensation-:of moisttire.on the inner"­
glas� surface was examened too. It w�s·<feun'd out that it.is possible to ventilate s¢ree_n without 
radiatfon shield witH a degree of·cy.$;0.4 without surface condensation, and up t0 a degree.pf 
y�Ld with installed radiation insulation on inner screen; .:surface. Such ventilation fulfills:. the 
crityria for sufficient ventilation of residential pr�hrises. ' ..-, .
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Fig. 3: Effective heat tr�s(er coefficient of double pane window with ventilated screen by heat 
recovery; left for €c= 0.9 right in case of 8c= 0.04 

Window withJV:cmtilated insulation screen as an element of shading and ventilation 

During the summer, residential comfort is often reduced due to overheating of premises. This 
section therefore emphasizes that transparent components of building envelope are the main 
source of heat gains and a possible cause of overheating of rooms in spite of the use of of 
standard outside shading. �rpm the re.sqlts of numerical observations, Fig. 4 states the values 
of beat fluxes qi. through a closed window with ventilated screen vs. intensity of absorbed solar 
radiation on the- ou�er_ surface of the screen (O�G' .$;800 W/m2)1 and ihe differences betweyq 

• J .. • • 
• ( •1; ..... . 

<gµbi�nt and room temper�tures (��Te; �i�'.29 K). It can qe, seen piat. h�t flux. n�.ver 
.

ex��ed� �e 
value of qi, =:= 35 W/m2, n�t ev�n .under . . m�t�:favora��e, circum�t�ce·s .. ll\, e��eine 
meteorological conditions (G'>100 W/rp.2.) heat flux into .. tbe comp9riir.ri! .� .�ven. �tn.'!ersely 
p,roportiona,l to .the temperature differen.ce, which is �ico�se<;m�n�e.,"of:�' rr.(�re,1.effe�tive 
funqioni!lg of the "solar 9hi��y", which .al�o affeyts the tempyr��ur�.8f the.inper �6JP.p�:ment'� 
surface . . �This: never e?Cceeds 5 ,K,4 so .. tha�, they, i�.is ne�er higher. tqanJlj� vaJ�� �qpie. �r . �b��. to 
s_ense as racijation-n. onunifoi:m. itY .. -· . . . 1, . • 

• • • • ·- •• ....., ·' . .. . , • 1 6 ..... 
-.r- ���'> ·_, � t . •  1;.if •,'}�l'°,:'.• J 1lH J ••• � .�j'..,} /f�.:i·j .,'.}.) 

•• , .. .., �1 J { • !'" Jt ·, 1.. �- . a! ·"'" ._ I ...... .,'fl'J . !,� ,\l'. ' il · ,· I Ji. L J ·:· .. ,..l 
Cross ventilation and cooling of buildings are two of the pasi� priticipJ�s ?fJ:i��JY�.- �g�ar 
arc;hit�_cture. Pu.r _r�s.earc_h. f 9.fUs.eP.,£1.P th� ;tnter���op b.�t.�e�n ):i�a,t. fr��f y( �d , v":fl('{trl���:jfo� 
of v�!l�fi��c;l .ai� whic� �ntcey...JJtep���f .cav�i¥-! �phe, .bo�tQ�'" ir��r-1�: �R�.�P�},��·���?\lR.X��Y. 
91).d exit#.}Jle o.u,ter caY;tty,-tl�1n:�l3gfl. �.�1phq_!b�� .. -�<: fop,::];rp� F�sJ:I��n?fi tl'!t:;. s1�ulfl,�.D. tfi� ,���fi 
qf v�ntj:lationx tbrouglj· ope!} �cr�n(�ayitr..w.ey.r�enJ�. in_l1�. , '5�:f.h�. qeg!�:s ;0,� ;v_en:�pa,�i.q'r}. 
increc\5e with � increase .in poth par�y_ters ?-II� r�cl'J.: �e· !llgP.e.� t val�Y;,of yp.q.8 . . W,)s . tfie 
lower limit of prescribed ventilation-pf ,:gremis�s, bµt il;:�as. detenniµed.:f.or .ratio .. of heis�ts of 
outlet and inlet openings b1/b1 = 0.25 and it can reach value of :r;-1.3-1.4 by �x�eme 
meteorological parameters and ration b2/b1 � 1. This the degree of ventilation entirely fulfills 
the ventilation criteria from the viewpoint of air quality. 
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determination. ,Four differen ·orientations. and four. d�fferent �a.�es �ere studded:. �e A1.,­
window with•insulation screen and well ventilate.d interjor (n=i.2 h"1), �e B - wi!J�OW �itQ� 
insulation screen with poor ventilated interior (o=0.2 11:\:...q,se C - douple glaze<j; wiitd:?�r:­
(U.\v=3 W/m2K)·without screen and·case D - double glazed low-e Ar filled window. As an 
example the hourly average values of the heating power during the winter period· for two cases 

I ' • 

are presented on Fig. 8. On Fig. 9 heat loads for heating Cell B for all observed cases ·are 
shown. As can be seen characteristics of the window with well ventilated insulation screen are 
as good as low-e Ar filled windows, meanwhile the energy consumptiqn can be reduced up to 
20 - 23% according to the ordinary double glazed window during the heating season. 
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Fig. 8: Average h�atj.ng powef �9r case A and.D 
and south orientated Cell B 

Summer operation mode 

Fig . . 9: Energy consumption.in. Cell B for all 
observed cases' · · · ' '" .,: ' · · • -
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,, 

In SUIIlip.er time ventilated insulation screen operates as 'ghading and ventilated device. Two the 
most critical orientations Qf Cell B in this ·period have been observed -··south and west. TYPE 
14 (timer) has been used. inside TRNSYS co!ie tp clos�.in�ulation screen ·during different day 
hoiirs. When insulation''streen is.' down (dosed) ihe-incomitig heat;fi'illc t'ilfough ·window and 
ve?ti1at1?n r�te

_ ru;
e· ap�(oxim�ted''by diff�rent:t�o'.p����c ·�oly

,
noin�-'

.
Cfrom �ig.·4 an? Fig. 

5). Several different cases - we1re analyzed: case · a . - dtelinary double glazed -wmdow 
CUw=3W/m2K), case b - window' with ventilated scieen'fowered between 1 l am-·and '3pm each 
day ,duri'ng the summer period, case c - same as case b1 but screeq.' l(jwered betweeriiifobn �arid 
2pm, CaSe d- same as case b bllt screen lowered between lpm:an(i 5pm; case e '-'sarrie-�as case b 
but window with ordinary nonventilated screen without heat ffiirior· with 'scre6ii" lowered 
between llam and 3pm, case f - same as case e but for We$t orientation and when screen in 
lowered between lpmart85pinhout. · '  · · · . · "  •"· ; · �· : , .. ,.· .. ·� !>·>1:·i.! :.�- ' ··; 
A�.1ari' example the hciurliav&age\;aJ.ues. of·fue'cooiing power 'durlri� ffie -suinnier:period;for 
�9 selected cases1fu'e 'pteserited on: F1g.� 10.- Surruher 'Coofin'g' lbadS- 'for -ali�iO'DserveCl'·case· ·are 
pies6rited o�- Fig�1ii1 •• As· it: c�' b� seen ventifated I scree�' rd:hice$:.co6Img 1oads-f0r.·5tlme�in 'the 
most' efft�ient �llse. 1':lsb the strategy of'�'Cfeeri ·crosing �1iould· be selecte-d 'very' catefllliy'.CA's an 
tlnportab.t fa'.ct we woiild 'like to 16inphasi-ze tliat venfilate'tf screen 'vJ:ith · heat mirror helps- to 
reduce coo1ing · 1oad ·Up t6 · 100% comparing· to the ordinary dark painted nonventilated ·screen 
which is commonly used now. = · 

'· .  • tt[ 
. I  J:' 
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Fig. 10: Average cooling power for case a and b 
for south orientated Cell B 

Fig. 11: Cooling loads in Cell B for all 
observed cases 

CONCLUSIONS 

On the basis of the presented results it can be concluded that: 
• the predominating radiation heat transfer in "S" shape air gap formed by insulation screen 

was detected 
• effective heat transfer coefficient can be reduced down to the 0.145 W/m2K 
• a maximal heat recovery ventilation degrees were identificated in such a way that the 

condensation of vapor from interior air on inner surface of window is prevented 
• from total energy consumption for heating windows with ventilated screen can be 

compared with low-e and Ar filled windows; this is important for economical decisions 
by renovation of older buildings 

• 400% reduction of heat loads can be achieved during extreme summer meteorological 
conditions according to the classical shading devices of the same construction 

• solar chimney effect caused a natural ventilation so that recommended indoor ventilation 
level can be achieved 

• cooling load using ventilated screen with heat mirror can be reduced to one half according 
to ordinary nonventilating outer screen 

• approximately 1/10 of the screen should be transparent to provide daylighting even when 
the screen is closed. 
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