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Due b the complexity in desuibii the simuftaneous &e& of a mmbes of factors that idhence the climate 
of en attic space it bas proven to be difEcult to malce sinnrlations of it. 

This report deals with the p m b h  of using difkent computer programs for ventilaaor~, heat and moisture 
way so that a proper description of the attic climate can be achieved. 

A overview of attic space chwke and the faders affecting it will be given and it will be described 
how the simulation w e t  works;. R~~ fi-om a sinnrlcation will be given and eomrnerrted upon. 

2 A*c space climate 

2.1 General 

The most impo-t parametas for desmibiig the auic climate as fm as the hygm-thermal behnviour of the 
attic space is concerned are relative humidity values and res for the air in the &c space itself and at 
the d a c e  of mataids exposed to the attic space. Knowing these p and their vari&ions quite a I d  
of d u s i w s  can be drawn r e p a w t h e  expeded perf- etc. 

ThRdcspace is by a of factom such as on raie, outdoor climate, 
misture e x h g e  by convection between the part of the building, inrmlllaim 
degree of the d c  floor, solar radiation on the in the attic space, 
moisture and other propeities of materials used etc. 

2.2 Ventilation 

The purposes of v d a t i n g  an d c  spspaee is to remove moisture and to decrease the temperature in the attic 
space. In most cases purpse provided ventihtion devices are imtalied m order to v d a t e  tfie attic space 
natudy, by meaxis of wind and s o s n c t k s  stirck forces. Thr: most sinpie and o most common 
way to provide h e  v a t  devices is to leave a slat 
the ventilation of the attic pace is wind conditions around the building. 

moisture conditions of an cdtic space must involve a calculation or d 
flow, otherwise ca lcuMm cannot be und 

The most severe problem in calculating or vdMm is to d wMthewindclmto 
the building really is like (speed and there is a problem to select reliable 
pressure &cierrts for the intake and you must know the geometry of the 
flow paths ofthe ventilation 

Ttre *-driven on of the attic atso irdluences the pressure d 
part ofthe building thus affecting fhe comedive moisture e 



2.3 Heat balance 

Thehestl>alanctl ofthe atticspace is g o v d  by a large number of factors such as the mtdoor climate 
(inctuding solar radiation), the the climate and the thelation level of the attic floor, comedive heai 
exchange; radiative heat etc and the ve~lfid&oa If condtpgatim 1 ontakesplaceat 
some surhce(~} this will also infhence the heat CO&OI~S. 

The moisture w ~ o n s  of an anic spere are g o v d  by the outdoor climate, the convective moishw 
b e e n  tbae attic d the heated part of the building and the moighve exchange between the attic 

and the materials in it, (absorption or desorption). Ifthe relative humidity should be considered, also the 
oftheaiiandat~mstbetakenidoaccount. 

3.1 General layout 

and the moisture balance with an dgoritbm for the 
velocity and direction. fcw the 

amvective moisture ;iod h3.t betweem the attic and the heated part of the b u i l d i  

data file of outdoor climatic clata is used 
1971 - a widely used year for energy calculations in Sweden). 

program, describing dl the convective paris of the 
d calculation on heat trans%= due to 

conduction arid radiation 

into accounl sorption and 

Weentheatticandtheheirted 
part of the building. 

The calculations are for d ofthe walls ofthe b u i l w  and the bottom 
Boar in the attic. The calculation results f i  are shown in figma 
3.2.l.a - 3.2.l.f For all the calmlati- the wind velocity used is the local wind velocity at roof top level. 



The pressure c&ci& used 
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DEROB or Dynamic E m g y  Reqome of Buildings is a computer progratn in Standard-Fortntn with 
gmaabd algorithms for the calcuiatson of bmpmhms and energy m ~~y desijjd buildings. The 
prognun was originally M o p e d  by F.N. Arumi at the S h l  of Architecture, University of Texas, Austin, 
US, (Arumi & Wysocki, 1979 d Arurni, 1979). The work with the development of the progam was started 

;97;- && L&== faah- k v - d ~  & ae of Building Sa- Lund University. 
The version used for the calcullltions is called DEROB-LTH. 

Moisture absorption and daorption ~d sudices exposed to the attic atmosphere is calculatecl by using the 
moisture transfa equation 

* 
8 = density of moisture flow rate 
delta =vlapourpameability 
v = vapow co?lcdmbon 

and the boundary condition 

where 
beta = &e coefficient of vapow t rader 
vsur =vatmalaM's&e 
vadtic =v in the su r rou~a t t i c a i r  

The surface the various building elemen& surrounding the attic are .taken h n  the DEROB 
simulation. re distribution between the &es is considered hear, thus disregarding al l  
eBectSofheatcapacity. 

To cafry out the calculations it is necessary to lamw the vapour dity as a finction of the moisture 
content and the hygroscopic sorption curve (reidon between moisture content and dative humidity}. 

A simple fmard diffknce is used to solve the equations and for each time step the evaporation &om 
thi? smmuMfing surfaces @map) tn the attic is calculated. 

For each* step a new attic vapour c w d m  is then calculate& 

where 
vadti- =new onintheatsic air 
vattic,old = 01dvapourconcarh.atminthe atticair 



Raut =airflowtotheatticfiamtheoutside 
Rin -airflowtoiheldticfiomtheinside 
dt =timestep 
v -a t t ic~~hlme 
Vovt = outdoor air vapour c d m  
vin = indoor air vapour umanhtion 

map = ~ o f ~ m f l o w r a t e  

Simulation application 

4.1 General input data 

TIE cslculaticms h e  been perf- for a building by the size of 7.4 m * 7.2 m with a height to tbe eaves of 
2.5 m. The buildiw bas a roof with a ridge height of 0.75 aa 

The roof of the house consists of a 22 mm thick wooden panel and a roof feft. The roofis s'upporkd by trusses 
(45 rmn * 145 mm). The &tic floor is iosulratad with 200 mm of mineral wool (lambda = 0.04 WImK). Tbe 
indoor moisture s r y  (in tfie part of the building) is 0.003 Wm3. 

The wind pressure c o & d  used are shown in figure 4.1.a 

Wind pressure mfficient 

Surface Windactingrm Windadiogon 
long side. (dir A) gable side (dir 8) 

1 0.3 -0.3 
2 0.4 -0.3 
3 -0.5 -0.3 
4 -0.5 -0.3 
5 -0.3 0.3 
6 -0.3 0.4 
7 -0.3 -0.3 
8 -0.3 -0.3 
9 0.4 -0.4 

10 0.4 -0.3 
11 -0.5 -0.4 
12 -0.5 -0.3 

Figure 4.1.a Wind ptes~ure used in the s.iOrmlations 

on ofthe Bhtic space k p v i d e d  by a 20 nun wide slot at & roof eave dong the longer side of 
the building. 



The results of the and convection calculations pedbrmed by aeans of the MLNBS program were 
ed for introduction as a1 in the DEROB-BKL and the PIVIND in the following 

way 

Ye&&n of affie space with occailoor air 

For wind direction perpendicular to the eaves (0 deg} 

where 
q = ventilation flow rate (&/s) 
u = vviod velocity at roof top (mi$ 

For wind direction diLvlar to the gables (90 deg) 

G o n v e d i o n ~  &osI%ive) or fo (nebhe)  
fke hcdedparl. of&e building ~ol f iorn  the a r f f i c  space 

LS0 = 3 m31mzh @mnidf airtightness) 

Far 0 &g q = 0.0060 - 0.0014 u 
For 90 &gq= 0.0014 + 0.0010 u 

For 0 deg q = 0.0060 - 0.0020 u 
For 90 &g q = 0.0014 + 0.0020 u 

4.2 Output data h t h  comments 

Inthissectimresuft.:Grorna 
hw the possibilities o  

t h i s ~ b e a r n ~ w i t h m o u t d ~  the mokbre levels in the 
lrttic space. 

lartot8e eaves &ringthe whol 
4. 1). The 0UtdOOT CO&OnS 
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Figure 4.2.a 

The figure shows the air outdoors and in the attic space. It can be seen that the attic air 
-re always exceeds the outdoor air . Thedifference canbeuptoarcrund lO&gC, 
probably CmfllnnY days- 
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- Atticspace - vattic-voutdow 

outdoors and intheattic space, as wellasthediffirenebetween 
behaviour of tbe vapuur ccmwntndon in the attic space can be 

wtdoo~conditi~~ ThisismoreeasiIyseeninthegraphfor 
I l l a i n r e a s a n f o r t h e s e d 0 l l ~ i s ~ 1 y t f t e ~ ~  
the attic air. This could be studied more specifically in figure 

4.2.d 
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Figure 4.2.c 

The figure shows the ventilation with outdoor air of the attic space as well as the convective exchange 
between the attic and the heated part of the buiIdkgFirst of all it can be s e a  that, compared to the 
~ o n , t h e c o n v e c i i v e ~ i s s m a l l .  -is probably duetothefitctthatthesimulatedcaseisthe 
most Ykvourable' ( m d  airtightness of the attic floor and wind hitting the 1 o n g - m  of the house; see 
d o n  4.1 for details!). The vedhtion rate however vark cmidembly due to difbeat wind velocities 
duringtheperiod. Fortheperiodsludiedthereseemstoka@~inon~duriog The attichas 
a volume of 40 m3 so the ventilation rate of 0.2 m3h e.g c- to 0.2*3600/40 = 18 ach. This seems 
1- L - r- .- P.. . . I. - .  

Figure 4.2.d 

Moisture exchange 
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The figure shows the moisture excbge  h e e n  the difEkrent parts of the envelope of the attic and the attic 
air. Most surfaces seem to have a relatively modest exrhange (close to 0 g/s) while others give relatively large 
contributions (Roof W, roof E and the etusses especially). By campating this figure with figure 4.2.a it can be 
seen thst largP: desorptimf moisture is closely connected to sunny days, whiIe,on the opposite, sorption takes 
place on cold nights. 

I 

! 



The figure h the global moisture exchange foll the attic space as a whole, both momentarity and 
acumul&edforthewholemonth. Thepeaksfortheaomendariycase, alsoseenmthelestpichue,arestill 
there. The acaurmladion graph shows that during this inonth there is a drying out ofthe attic with appr. 7 kg 
water, with variations m accumulation between 30 kg and - 15 kg 

The figure is a XY-plot of relative humidity at a surface (roof W) again& surfke temperature. As can be seen 
there s e e m  to be a conm&&on of dots around appr 15 degC and RH around 60 per cent The variations 
am however large. There is a predicting the risk for mould growth on 

afticgntcesince cornbi~la#ions of and RH represent differeott risk levels for 
( ' d m  & Elxnmmq 1991). 
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