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Apptication of the Transfer Function
Approaeh in the Tlrermal Anallrsis
oI Dynamic ll¡all Structures
M. YlÉ¡nen l. Hel¡nonc¡ R.l(ot¡onen

ABSrßAgr

\'ttc transfer funaion approach (response factor
mcthod)for ttæ ønaþsis of dynanicwalls is presewed. Thc

þnamic walt is utfurstood co be a multilayer porow body

through which airflowsfron outside to insìdc. Continuity
and momentwn equatiotu tc not solvd, i.e., the airtbw
rate is given as an input vdu. The wall is asswned to be

a oneãimensional dynanic thermol system.

Assuming constanl thqmal properties for the wall
struclure arú infihrating air ørù, in addition, assuming a

constant infiltrating airtlow rate, the thermal system ß
linear and the responselactor can be applieì. For thc case

where the infihrating aiy'bw rate is tine dcperúent, an

approximørion to apply the rcsponse faaor method is also

presented. Comparßorc of the results cølculuedwith both

the infinite diference møhd and the resPonse faaor
mahod show thøl the resuhs agree very weII with each

other.
The implemenarion of ,hc resPonse lncror ¡nethod to a

system simulation progran is also considerd. An algoritlun

for solving the heat balancv of a building is presented.

AIso, the effect of dynanic wall strudures on the þnarnic
behavior of a buílding as well as the hesring and cooling

toad is considerel.. Energ analyses are done using Denver

weather data-

INTROI'UCTION

fi¡nction approach c¡n be apptied. For the case where the

infiltrating airflow raþ varies with time, a transfer function

approach will also be presented. The structure level com-

parisons will show that the results for lightweight and

heavyrveight dynamic wall structures calculated with the

finitedifference method and the resPonse factor method

agree very well with each other'
Finally, the implementation of the developed resPonsô

facûor method with a system simulation Program will be

considered. In the case of dynamic wall structures, the beat

balance of the inside surfaces (including the radiative heat

transfer) cantrot be formed similarly as in the case of
airtight structures. Therefore, an alÞrnative solution of
room air heat balance is presented. Finally, long-term

simulation results of a building with a mechanical exhaust

ventilation sysÞm and dynamic wall structuras (supply air

intake) will be shown.

MODEL EQUATIONS

In a two-component system (see Figure 1), the average

volume energy equation of the flowing and stagnant

component is

ry= -v .Gi) - o .1prnñil - 
ror] ãi. ñ,¡ dA (t)

dAnji

This paper presents the transfer function approach

(response factor method) for the analysis of dynamic walls.

The dynamic wall is here understood to be a multilayer
porous body through which air flows from outside Ùo inside.

He¿t transfer between the stagnant component (structure)

and the flowing component (air) will be considered for
one-dimensional dynamic conditions' Continuity and

momentum equations are not solved, i.e., the airflow raÞ

is given as an input value of the thermal system.

Starting from the energy equations of a two-component

system, the numerical formulation of the heat transfer

problem based on the frnitedifference method will first be

considered. Assuming a constant thermal properties (inde-

pendent of temperature) of lhe stagnant and flowing compo-

nents and, in addition, aszuming a constant airflow rate

through a structure, the system is linear and the transfer

qj a)

i = llowing componcnt
j = søgrunt componcnt

ci

qmj

Figure 1 Physical model of a two-component system.

+=-v (ûj) +llr,

nii

ôv

Markku Virtanen is acting rese¿rch professor, Ismo Ileimonen is a research scientist, and Reijo Kohonen is

Heating and Ventilation, Technical Research Centre of Finland, Espoo

240

director, LaboratorY of



Assuming that a local thermodynamic equilibrium exists

between the flowing and the stagnant component, i.e.,
components are locally at the same temPerature, Equations

I and 2 can be combined. If, in addition, heat conduction

in the flowing component is omitted, then

a(þini)+ þjhj)) 
= _ v. (prhii¡) _ v. (üj) (3)

ðt

For the case of homogeneous porous material, where

the average volume property is equal to the material

property (porosity e : Vi/V = constant' v : evi, pcp :
(1 - e) p¡cp,¡,)r : (1 - e)\), the one-dimensional form of
Equation 3 is

d(ph) 
= *þin¡u) _g (4)dùdx

Assuming constant thermal properties, Equation 4 becomes

2
dT

The time derivative of temperature Tn in Equation 8 is
approximated by the pure implicit method:

-2 Lt (---L-* (i",)'*r)rli' * tc"' (Âx (n-l) + ôx (n))
Áx(n-1)

+ 2Lt (--x- + À * (i"ù'*llr'"*l (9)

'Âx(n-1) Âx(n)

+ 2tt L r;],t = C"'(ax(n-l) + 
^x 

(n))Tl
Ax(n)

where superscripts (s) and (s*1) refer !o the time incre-

ment before and after one calculation time step'

The heat balance equation of exterior surface grid point

1 can be presented in the form

s+l s+ I

1--4-+(C"i)-'+c.)Ti (10)
Âx(1) - À-ri*t = %r:.: * 1i"¡'*rrf*r- 

¿*(t) 
-' -u-qlru

(5) The heat balance equation of the interior zurface grid point
N is correspondingly

(---À-*(i"ù'*')ri1i- i 6t)
^x(N-l) ^x(N-l)

+ cr,¡ + (i",)'*t)rüt = -"' T#

Equations 9 through 11 can be writþn in a matrix form

s+l _ s (f,Z)tAl (r) = ¡n]¡¡ + (C)

from which the temperatures Tn'+l can be solved.

soLur¡oN oF ENTRGT EQUAT¡ONS
wlTH RTSPONSE FACTOR DIEIHOD

Tbe transfer function approach (response factor

method) (Mitalis and Stephenson 1967) has usually been

apptied to the calculation of onedimensional time-dependent

conductive heat flows of structures. ìùy'ben applying the

method, it is required that the considered thermal system be

linear, i.e., the material properties of the structure do not

depend on temperature. ln the c¿se of a Porous body with

a constant infiltrating airflow rate through it, the thermal

system is also linear, providing the thermal properties of
infiltrating air are assumed constant. If the infiltrating
airflow rate changes with time, the system is nonlinear' The

transfer function approach can be applied, but only as an

approximation.

Con¡t¡nt lntiltratlng Alrtlow R¡te

ln this approach, tbe conductive heat flow of the

interior surface is equal to the convective heat flux:

n"'dT
d = -i"i dL + 1,

ù 2
dx

where

c"t
öi,,

The boundary conditions of the outside and inside

surfaces are

co (r.q,o - T..o) + i"i To = -ì'ê*)" + i"i T''o (6)

-f (Ðt + i"i T* = oi Cfs,i - T"c¡) + i"i Tr,i (7)&

where T' is the Þmperature of the airflow enÞring the

control volume at the interior surface of the structure.

soLUTroN oF ENERGT EQUATIONS
WITH F¡NITE.DTFFERE¡ì¡CE ME]ÎHOD

If the boundary condition of the first kind for the

outside surface of the structure is applied (outside surface

at outdoor air temperature), then an analytical solution is
possible (Anderlind and Johansson 1980). However, in this
paper, Equation 5 is solved numerically for the dynamic
condition, applying boundary conditions according to

Equations 6 and 7. The numerical formulation of the energy
balance equation is done using the finite-difference method.

The heat balance equation of an interior grid point n can

thus be written:

c"' lax (n-l) + Âx(n)) fl'-= 1 -| ^ + i"ù T"-r
2 d 'Ax (n-l) (ð)

- (---À- + l. + i,'i) T, + ÀTn*l
Âx (n-1) Áx (n) Ax (n)

: pap,
: pic',¡ ' v.

ill
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Qcmdj=cÇCIs;-T*,J (13)

where

01 : convective heat transfer coefficient of inside
surface,

Tr,i = inside surface temPerature,
T"c,¡ = equivalent temperature of indoor air'

It is required tbat the cotrvective heat transfer coef-
ñcient of the interior surface be frxed. In addition, the

thermal properties of air and the structural materials are

assumed constant.
Response factors of conductive heat flow can be given

at (see Figure 2) the

1. outside surface for outside surface ùemperahrre exci-

tation, X¡¡i
2. inside surface for outside surface temPerah¡re excita-

tion, Y1¡i
3. outside õurface for inside air equivalent temPerature

excitation, X2,¡;
4. inside surface for inside air equivalent temperature

excitation, Y2¡.

Defining the positive direction of heat flow from inside

to outside, the conductive heat flow of the inside surface is

Combining Equations 15 and 16, the temperature of the

outside zurface at time t:nAt (n:1,2,' . .) it obt¿ined:

Ci + oo¡ T*,or, - I Xt¡ Ts,o¡-j * I Xz, T"qj¡-t

Tr,o, Fr i{)

Go,n*C¡+X1,o (17)

Taking Equation 17 into account, the conductive heat flow
of the inside surface can be calculated using Equation 14.

It is aszumed that the inf,rltrating air enters the room
space at the inþrior surface temperature of a structure
(upwind scheme) and the corresponding airflow raùe leaves

the room space at the i¡door air temperature. In other
words, the control surface of room air is at the inside
surface of structures. Thus the convective heat flow of
infiltrating air is

Qco¡¡v¡ = Ci Oi¡ - T'iJ, C¡ 2 0 (18)

where

öi'
Ti,n
Tr,i,r,

: heat capacity flow ratelunit surface,
: indoor air temperature,
: interior surface temperature of a structure.

gcoNoj¡ = I Yzi T"q:r,-j - I vt¡ Ts,o¡-j
j4 i{)

The heat balance equation of the outside surface is

(14)

Tlme-Dependent Inttltrattng Alrflow B¡te

In the previous section, a porous body with a constant
infrltrating airflow rate was considered. In addition,
constant thermal properties were assumed, i.e., in this case

the thermal system was linear, which is required when
applying the response factor method. Due to the non-
linearity of varying airflow rate, an approximation is

needed. The approximation is illustrated in Figure 3.

The sum of response factors at the inside surface of a

structure for outside zurface temperature excitation must be

equal !o the zum of response factors for inside air equiva-

lent.ûemperature excitation in order to reach the thermal

Ct To,n + ûo,n C[ec,o,n - Tr,o¡) = Ci T.,o¡ - Qco¡o,o¡ (15)

and the conductive heat flow of the outside surface is

gcorrD,o¡ = ) Xz¡ T.ci¡-j - I Xt¡ Ts,o¡-j (16)

i{ i4

C¡

X vlj
0

Exærior s¡rface

(

atÍ
X.¡: Y2j

0 t 0 t

Sructurc

Response fadors with constant airtlow rate.
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Yt,r-2
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I
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Fígure 3 Response of ircide surface conduction heøt Jtow for outside surface temperature etcitation in a case of varying

airJlow rale.

response factors at the outside surface

me rule' The following correction to

li and X2¡ at every time step is done if
changed:

YT¡¡-j = Yl j,'-j
I Yt¡r'-;
-Þ0

I Yt¡r,¡
io (1e)

) xt¡n-¡

Xl¡."-¡ = Xzj¡-j=-

I xt¡r¡
i4

where C refers to a corrected value.

Thus the conductive heat flow of the inside surface

@quation l4) is approximated in the following way:

Qcoro.,¡ = I Yzjn-j T"qj¡-j - I Yt¡r-; Ts,o¡-j (20)

i4 J4

The corresponding approximation of the outside surface

temperature (Equation 17) is

The convective heat flow of the inf,rltrating air is calculated

using Equation 18.

COMPARISON OF RTSULTS CALCULI\TED
WITH THE RTSPONSE r.ACTOR METHOD
AND FTNITF'DIFFERTNCE METHOD

Two dynamic wall structures were chosen for com-

parative studies. Property values used in the calculation are

given in Table 1. rWith the two structures, two different
cases are considered. ln these, outside air temperature,

equivalent outside temperature, inside air temperahrre, and

the capacity flow rate of infiltrating air are changing

periodically with time, as shown in Figure 4. The radiative

heat transfer at the interior surface has been neglected in the

calculations.
The calculation time step using the finite-difference

method was ñve minutes. When using the response factor

method, the calculation time step was one hour. Response

rhermalProperties;ltJJ""ti"*icrvvallstructures

Lightweight structure Hcavyweight sltuclure

tlrcrmal conducÚvitY

hcat capacity

dcnsity

thick¡rcss

in@rior convecÙve

hcåt transfer cocffi c icnt

extcrior convecdve
hcat rarsfcr cocfficicnt

0.O4 WmK

850 J/kcK

40 kg./m!

72 mm

8.35 Wm?K

17.0 Wm'?K

0.08 W/mK

850 JAcK

400 kgimr

145 mm

8.35 Wml(

l?.0 ril/m2K

nt

Cir, To,n + cro,n T"q,o,n - I
i=l

Xr j¡-j T,,o¡-j + ) Xi¡¡¡ T"q;a-j
j4

oo,n+Ci¡+Xl,o,n

(zr)
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factors (see Appendix A) were cslculatÊd using tbe finiæ-

difference method with a one-minute time step. As the

response fectors were determined, the temperature profiles

of oxterior surface and inside air were ¡s illustrated in

Figure 2.
The conductive heat flow at the interior surface of a

lightweight structure and the convective heat flow of
infrltrating air are shown in Figure 5. The corresponding

results for a heavyweight structure are shown in Figure 6'

ln general, it can be concluded that, in both wall

structures, the results calculated with the finite{ifference
and response factor methods agre€ very well with each

I¡sidc air temPerÚÍure, outside air tempera-

ture, equivalznt outside temperqf ure , atú heat

capacityJlow rale in comparuive calculations. Response factor

Finitc diffcrcncc

l0 20 t'h

The condudive heat Jlow at in erior surface
atú the convective heu flow in a case of a
heavyv e i ght s t r u cl ure.

0

Finitc differcncc

Rcsponsc factor

To

T.4,o

Rcsponse factor

Finite diffcrcncc

I
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other. The only differences seem to be due to the different

calculation time step. Also, in the case of the heavyweight

structure, the delay of conductive heat flow at the interior

surface using the response factor method is smaller than the

delay using the finitedifference method when the infil-
trating airflow rate is changing rapidly. This difference is

clearly due to the approximative method to apply resPonse

factors in a nonli¡ear thermal system.

COUPLING OF TIIE RTSPONSE FACTOR
}IETHOD S'ITH ZONE MODEL

Sotutlon o[ tl¡e Heat Bat¡nce
ol e Bullding

In the following, the application of the present respons€

factor method in a building heat balance analysis will be

considered. In general, the problem now is that the heat

balance for a single inside surface of the dynamic wall

structure cannot be formed in a conventional way. The

surface temperatures have to be solved iteratively. By

considering a convective heat balance model of a building
(zone model), as shown in Figure 7, the heat balance of a
room space is in a dynamic condition:

Ct9=-(0,,+0"+0r+0*i)- ez)d,
(C¡Ti - C;T¡ - C;T.,¡) + (0H + 0p + 0L)

which reduces to

Fígure 7 Conveaive heat balance of a building.

An implicit discreþ form of Equation 25 is

c Ti,'- Ti,t^ 
= -L at.x A¡ cr; - (t.,Jr)^^rî

- (C; Ti - I C, Ar Cr.,i)r.) * I0H

,* - 
? *,* 

e¡ + c¡ r' = ? 
cri,r Ar (f',Jt

* 
? 

q* Ar Cr,,¡X * I os * &Tl,-¿,

where the terms on the right-hand side are average values

during the time step At.
The average inside air temperature is

¡ = 
Ti,, + Ti,r-¡r (zi)

2

Substituting Equation 27 lur,lo Equation 26 be¿omes

Conúol surfaæ
Qwi

ll5

Qw

Qr

(23)

(26)

(28)

k
I

9r,k

ar,k
ql,k

In the heat balance, the radiant heat transfer between

inside surfaces should also be taken into account. This can

be done by the introduction of equivalent room air tempera-

ture to each isothermal surface:

Cr.a,Jr = Ti + (q,* + ) +,r (Cf,,Jr - (T,:)r))/q,r e4)
I

where

a'*= -I 0"..,0 - Q"on" + ) 0H

.' I = -? o,,* Ar Cr; - qr,Jr)

- (Cr Ti - I Ct,* Ar Cr,,Jr.) * ) 0u

The inside air temperature T¡ (average) is solved by

double iteration. The solution algorithm is, in principle, as

follows (K refers to the number of isothermal inside

surfaces):

Guess inside air temPerature, T¡'
Guess (T.o.¡)k= 1,...K.
Solve Cf.,o)r=t....Kusing Equation 17 or 21.
Solve coiductive heat flows of interior surfaces using

Equation 14 or 19.

Solve surface temperatures:

(T,,i)x=r,...r = [(Teq,Jk + (q)/q,xk=t,...r

6. Solve net radiative heat flows of surfaces:

(q,.nJr = [q,.k + I .ç¡(Cr,.t)' - Cf,.i)r]r,=1,...r

= a considered surface; l.
surrounding surfaces; Z.

: the sum of radiative gains absorbed by the 3.
surface from solar radiation, lights, etc.; 4.
the radiative heat transfer coefficient;

: the convective heat transfer coefficient. 5.

Equation 23 can be written in the form

os)

(2e)

(30)
k

qrj

9II

h

{0,

9ri

I-III



Case Excitåtion Descript¡on

Outdoor ai¡ Lempcrature Outdoor ai¡ te{npcratûe changcs from 20'C

to 21'C inslåntty at üme 48 hours.

2 Outcr sulacc radiaÚon Radiation tro extcrnal surfaces (cast and wcst)

changes from 0 Wm'?¡o 600 rW/m'1instantly

at úme 48 hou¡s- Outdoor aìr tcmpcraturc ts

20'c.

3 Internal convecúvc ga.in Inæ¡nal convective gain changes from 0 \il

to 6,00 lV insantly at time 48 hours. Outdoor

ai¡ æ¡næraru¡e is 20'C.

4 Inñlt¡ation ai¡ flow rare Air change rate of tf¡e building changcs from

0 þ 0,5 ach at lime 48 hou¡s and from 05 o
1,0 ach at úme 72 ho¡rs' Inæ¡nal convecúvc

gain is 2000 ìJr'. Outdoor air rcrnperaturc is

0'c.

TABLE 2

Short-Term Simulation Cases

7. Calculate (Trq,i)[î,...t using Equatiot24'

Test, if t(f"q,i)i* - (T"q,r)rl ) e1+ 2".
8. Solve Tfew u-sing Equation 28'

Test, if [T1"* - T¡ì ) e2 + 1''

The present zone model has been implemented to a
system simulation Program (EES 1988).

Short-Tetn Te¡t Sl¡rulationl

Test simulations for the new zone mdel have been

done with tbe "shoebox' building of IEA Task 13 (IEA'
n.d.). The characteristics of the building are dqscribed in

Appendix B. In test simulations, both heavyweight and

lightweight structure.s, as well as different air change rates

of the building, have been considered. The building is

supplied with a¡ exhaust ventilation system' where the

supply air is taken in either through Porous dynamic wall

structures (heat recovery effect taken into account) or

through inlet devices where the supply air flows in at the

outside air temperature.
For different test cases, doscribed in Table 2, the

building is affected by internal or external excitations that

in the present cases are outdoor air temperature, intemal

convective heat gain, external radiative gain, and air change

rate. As the supply air is taken i-n through the dynamic wall

structures, it should be noticed that only the east and west

walls of the building are Porous dynamic wall structures.

In case I (see Figure 8), the outdoor air temperature

changes from 20oC to 2l"C at 48 hours. Internal gains are

zero, and only lightweight strucrures are considered' Both

for the case where supply air is taken in through porous

dynamic walls and where it is taken in at outdoor air

temperature, the response of indoor air becomes faster

when the air change rate of the building is increase<l' On

the other hand, it should be noticed that the effect of
outcloor air temperature excitation on room air temperature

is overestimate<l if the thermal coupling of infiltrating air

21

208
206
204
20.2

20
19.8
19.6
19,4
192

l9
804O óo

-€- n=O,o och -€-.=olfl8.f.n) -å- n=1,0 och

Figure 8 Roomairtemperatureresporcefor outdoorair
tempernture etcitation in a case of a light-
weight stucture. (Jpper curve is for dynamic

walls a¡td lower curve is for airtight walls'

ancl wall structures is not taken into account. If the supply

air flows in at outdoor air temperature, the effect of air

change rate on room air temperature response is greater

than in the dynamic wall structure cÍrse.

In case 2, the solar radiation to the eastern and western

external surfaces changes instantly from zero to 600 W/mz

at 48 hours (see Figure 9). Outdoor air temperature is

constant at20oC. When using dynamic wall structures, the

response of inside air temperature for the radiation gain on

external surfaces is faster than where the supply air is talien

in at outdoor air temperature' Also, the effect of air change

rate on the inside temperature behavior is opposite these

two air intake arrangements. External surface radiation

quickly affects the temperature of infiltrating air through the

porous body. The larger the infiltration airflow rate, the

higher and faster is the rise of the indoor air temperature'

If the supply air is taken in at the outside air temperature,

i.e., the heat transfer between airflow and structure is

omitte<I, the increase of ventilation rate lowers the room air

temperature closer to the outdoor air temperature'

In case 3, only the internal convective gain changes

instantly from zero to 600 W at 48 hours with consLant
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Room sir temperature responseÍor infiltration

airflow rate etcitution' Lighrweight and heavy-

weight sîructures.
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Fígure 9 Room uir temPeraturc resPonse for externøl

surÍace powe; excitution' tlpper case is lighl-

weiSht structures and lower cerc is heavy

weight sîructures'

20oC outdoor air temPerature and lightweight structures' It

can be concluded from Figure 10 that in the case of Porous

dynanic wall structures, the effect of convective gain on the

in¿oor air temPerature is stronger than the case where

supply air flows in at outdoor air temperature because the

"åii"g 
effect of outdoor air is smaller' Increasing the air

changJ rate also increases the cooling effect in both cases'

The ãffect of internal radiative gains is very similar to the

effect of convective gains.

In case 4, the air change rate changes from zero to 0'5

ach at 48 hours and from 0'5 ach to 1'0 ach at 72 hours'

resP€ctively. Intemal convective gain is 2'000 V/ and

outdoor air temperature is 0'C' It can be seen from Figure

1l that the response of indoor air temperature is much

faster in lightwàight cases than in heavyweight cases' As

mentioned above, the cooling effect of ventilation is

stronger if the supply air is taken in at the outdoor air

tempãrature instead of using dynamic wall structures'

Long-Terrn Simr¡t¡tion¡
ln order to illustrate the effect of dynamrc wall struc-

tures on the annual energy consumption of the "shoebox"

0 20 40 60 80 I 00 120

Figurc I1

Time (n)
-€ i,chL. ovn -A- heovy, dvn
-ð :.è:ii ì-'ör I -.t- lreovÍ, trþht

Room air temPerulure resPonse Íor infiltration
airflow rate ucitution. Lighweight atú heavy-

weight strucTures.

building, long-term simulations were carried out with

Denvei weather data. The room air temperature of the

buifding was allowe<l to vary in the range 20'27"C'

For the energy analyses, two cases were selected' In

case I the ventilation rate of the building is I ach all day

and the supply air of the exhaust ventilation system is taken

in at the outcioor air temperature. In case 2 the ventilation

rate is similarly I ach all day, but the supply air is taken in

through eastern ancl western dynamic wall structures' Both

lighJeight and heavyweight structures were oàûrsidered'

The results of the long-term simulations are shown in

Table 3. From the results it can be conclude<l that in case

2 the heating loacl with lightweight structures is 8% less

than in casq 1. With heavyweight structures' the corre-

sponcling difference is 18 % ' On the other hancl, when using

dynamic wall structures the cooling load is increased' rùy'ith

lightweight an<I heavyweight wall structures, the cooling

loã¿ is increased 14% artd 19%, respectively'

217

rllI



TABLE 3
Results of Long-Term Simulations

Casc lleåting load
(k\üh)

Cooling load
(kwh)

Venlila(ion loss
(kwh)

l, lightweight 7516 4l l0 4lll

1, hcavyweight 452ß I 147 4153

2, lightweight ó899 4703 -178

2, heavywcight 3729 1368 -18?
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coNcLUSIONS

method showed that the results agree very well with each

other.
The coupling of the rpsponse fact'or method with the

solution of the he¿t balance of a building was also pre-

sented. The solution algorithm based on double iteration

was presented. A new zone model has been implemented to

a system simulation Program.
By short-term test simulations' the effect of dynamic

walls on the dynamic behavior of room air temperature was

considered. In these considerations, the supply air of a

mechanical exhaust ventilation system wss taken in either

through dynamic walls or
supply air flows in at the

term simulations showed c
walls for supply air intake, the response of room air

temperature to the excitation of outdoor air temperahlre,

solar radiation, and the inþrnal convective and radiative

heat gains was significantly different than the case where

the supply air wa^s taken in at outdoor air temperature'
\ùy'hen using dynamic walls, the room air temperature

reacted more slowly to changes in outdoor air temperature

and faster to solar radiation and internal heat gains'

Finally, the long-term simulations showed a signifrcant

decrease of heating energy consumption and an increase of
cooling energy consumption in cases where the supply air

of the-exhaust ventilation system was taken in through

dynamic wall structures. According to simulation results' it
is evident that in order to prevent overheating during the

cooling season, solar shielding for dynamic walls should be

used.
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APPENDTX D

SHOEBOX BUILIITNC I'BSCN¡PT¡ON W¡TH DTIìIAMIC 'EASÍ .ÀND N'EST WAT¡S
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