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Introduction

and the stack ventilation comes to a halt after one air
change (Refs.5,8).

Multlzone air Infiltration and ventilation modelling is In
progress, both by the development of computer programs with a modular structure and a user friendly interface (Ref.1) and by R & D on the algorithms which can
be used as a basis for those modules (Refs.1,2).
In building simulations it ls Important to be able to evaluate user behaviour on the ventilation and energy loss
rates. This Implies that one should be able to predict firstly, how often and how long occupants open and
close windows, and secondly how ventilation and energy loss rates depend on building parameters, meteorological parameters and opening time.
As a solution to the first problem, a stochastic model of
user behaviour has been developed (Ref.3), which
generates time series of window opening angles with
the same statistics as the measured openings for the
heating period.
On the other hand, previous discussions of the ventilation rates through a given single large opening (Refs. 49), showed that to calcu,ate the stack effect it is
sufficient to know the Inside-outside air temperature difference (Tin-Tout), while for the calculation of the influence of the wind one relies on empirical relations
(Refs.4;1). In all these dlscussio.ns, the ventilation rate
(V) is found from the v.elocity in the window opening
and the window size, while ~he heat loss rate by single
.
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sided ventilation' equals
Q = cpV(T1n...:To11t) · ., ' .
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Figure 1: Predictions of three ventilation models compared for a particular case. The constant temperature
and the gravity wave model are limiting cases of the
model including heat transfer.
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In this not~ r!'~ '.disc~ ~-~ .t~ problem (concealed by the
latt er statement) of calculating the inside air temperature which varies with time and is, when not measured
directly, in :general no~ ,known. The inside air temperature (Tin);"Which is·in between the outside air temperature (Tout) arid the building temperature, can be
calculated with a simple model recently developed and
validated for few real cases (Refs.10, 11). The new
ventilation model takes heat transfer between the air
and walls Into account, uses a dynamic wall thermal
model and includes as limiting cases the situations
where (Figure 1):

a

(i) the cold air enters as a gravity wave, replaces the
warm air completely (adiabatic walls, no heat transfer),
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(ii) the entering cold air is warmed up to the building
temperature (infinite heat transfer), the stack ventilation
rate ls constant and calculated from the temperature difference between the outside air and the building
(Refs.4,6, 7).

Mechanisms
The model follows naturally from the following observations on an empty room in thermal equilibrium with the
surrounding building structure: after opening a single.
window to the cold outside one observes first a sudden
drop In air temperature, followed by a slow decrease in
temperature. One notes that the wail surface temperature is higher than the air temperature and that the Slow
decrease in air temperature is due to a decrease in wall
surface temperature. Moreover, It is fQund that the
relative magnitude of the Initial temperature drop is ·.
larger In smaller rooms and for larger window areas.

Air l11fi/tration Review, Vol.11, No.4, September 1990

•

Finally the new model (Figure 2), couples the heat flow
rate through the aperture (Equation 1) with heat transfer
between the air and the walls (Tin drops below Tw) and
with a wall surface temperature Tw(t), decreasing with
time. The model Introduces two new parameters, (1)
the heat exchanging wall surface area and (2) the average thermal permeability of the walls.
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Figure 3: Above the upper level of the window warm air
is trapped. This remains at the same temperature as
the wall, Tw, and the ceiling and walls above the window level do not cool by convection. The coefficient
C2 is about 0.8 in a and 0.4 in b.

Tout

Wall thermal model. Until opening the window at time
t=O, the walls are considered to be in thermal equilibrium with the building at temperature Tb. For the heat
flux density q, the wall surface temperature Tw
becomes an explicit function of time. For a wall characterized by a thermal permeability B =A. pc , a simplified
model for Tw(t) Is used (Refs.1O,11).

Figure 2: Ventilation and thermal models coupled in a
four node network. 1.Heat source Q (Equation 1).
2.Boundary layer resist 1/C-zSi hc(Equation 3). 3.liJynamic thermal wall rsistance (Equation 4). Tb= Tw(O),
initial wall tempeure.

Tw(t)-Tw(O)
Ventilation. The heat loss rate due to ventilation is calculated with Equation 1, and for the ventllatlon rate one
could take the expressions proposed In References 4, 7
or 9. The model has been tested for large inside outside temperature differences and small wind velocities.
In this way the uncertainties concerning wind induced
ventilation were avoided. For the single sided ventilation through an opening of height Hand width W, the
stack effect equation Is used with a discharge coefficient C1 =0.6:

V = 2"3(WW2)Cn1(gH(Tin-ToutYr)

(2)

Heat transfer. The temperature difference between the
air and the wall surface, Tin-Tw, is described by a heat
transfer coeff)cient h, and equals q/h, where q is the
heat flux density. A fixed value of h = (6.± 1) w/m 2K
appeared to be consistent with the measurements
(Refs.1o,11). The value of q Is calculated from the total
heat flux Q (Equation 1), and the heat exchanging wall
surface area C2S1:
· ·
Tw-Ttn = O'C~i.h

= 2qvt/v(n/3) = Rdyn q

(4)

where the dynamical thermal resistance of the wall Rdyn
is zero at t = 0, Increasing as the square root of time.
While in the derivation of Equation 4, q Is required to be
constant, q varies in general with time. The complete
solution of the diffusion heat equation is an integral
over the time history of q(t), and the approximation Is
acceptable when the actual value of q(t) Is close to Its
time averaged value.
Equation 4 has been used for example, to measure B in
situations where the room wall materials are not known,
_o r when the walls are not all made out of the same material. To this effect It is sufficient to heat the closed
room with an electrical fan heater and to plot the
measured air temperature as a function of time (Ref.11 ).
Coupled ventilation and thermal modelling. After
combining Equations 1-4 one solves the final non-linear
expression for Tin. A few Iterations are sufficient for
each value oft.
There are two new parameters in the model.

(3)

The coefficient C2 Is the fraction of the total wall surface
·
area St, which is active In the heat transfer process
(Refs.10, 11 ). The meaning of C2 Is Illustrated in Figure
2. The larger the distance between the wlndo:H and the
ceiling, the smaller Is C2 (Figure 3b).

(i) the product C2Si.h in Equation 3, which concerns the
rapid drop In temperature after t = 0 . While the uncert~inty in the total wall surface area Si can be made
small and the error In h is about 20%, the parameter C2
6an vary by a factor of two or more and when not
known dominates in an error analysis.

/
Air Infiltration Review, Vol.II, No.4, September 1990

13

-

-

-

i.-

30

-

u

"""'"O"'"''

Tout

-0-

Tin(exp)

-....=

nn (calc)

~ 20

Acknowledgements
This research was sponsored by the Swiss Federal Energy Office (OFEN).

~

i..

~

References

Q,

s
~

10

a........................".................c

1. "Fundamentals of the Multizone Air Flow Model COMIS." Technical Note AIVC 29, May 1990.

i..

<

2. AIE/ECB, Annex 20: "Air Flow Patterns within Buildings 1988-1991."
0

,.

60

120

180

Time (min)
0.3

,......

3. Fritsch R, Kohler A, Nygard-Ferguson M, and Scartezzini J-L 1990, "A stochastic model of user behaviour
regarding ventilation", Building and Environment
25(2)173-181.

4. De Gids, W F, and Phaff, H, 1982. "Ventilation Rates
and Energy Consumption due to Open Windows", Air Infiltration Review. 4(1 ), November 1982, pp4-S.

~

,.,

s
....co;

........

0.2

5. Linden PF, and Simpson J E, 1985. "Buoyancy

~

Driven flow Through an Open Door'', Air Infiltration Review 6; pp4-5.
.

c::
c

·-

....0
·-....c>

0.1

Tin (exp)

c:o:s

Tin (calc)

6. Meyringer V, 1985, "Review of Some Research Issues Related to Ventilation of Dwellings in Germany'',
Air Infiltration Review 6,(3), pp1-5.
7. Warren PA, 1986, ''The Analysis of Single-Sided Ventilation Measurements", Air Infiltration Review, 7(2), pp3-

~

0.0

5.
0

60

120

180

Time (min)

-

6

........

~ 5
..:.:

-

Tin (exp)
Tin (calc)

Sf; 4

0

£

....
~

9. Liddament M, 1986. "Air Infiltration Calculation Techniques", AIVC, Warwick, UK.
1o. Van der Maas J, Roulet C-A, and Hertig .J-A. "Some
aspects of gravity driven airflow through large openings
in buildings", ASHRAE Trans.1989, Vol.95/2.
11. Van der Maas J, Roul~t C-A, and Hertig J-A. ''Transient Single Sided Ventilation through Large Openings
in Buildings", ROOMVl;NT90, Oslo, June 1990, C48.

3

~

::c:

8. Kiel D E, and Wilson D J, 1986. "Gravity driven flows
through open doors", 7th AIVC Confere1we. Stratford
on Avon, UK, September 29.

2

i..

g
Q

0 ....__......_ __,,.__.,....._ _,__
0

60

120

180

Time (min)
Figure 5: Effect of the opening of the door (O. 7x 2m2J
of a well insulated cabin (2; 1.x 2.6 x 6.5 m3J. a)
·
Measured Tin as a function of time compared with the
model. The coefficient C2 = 1 and there are no free parameters. Ventilation b) and heat loss rates c) after
opening the door are calculated from the values of Tin
in Figure 5a with the help of Equations 1 and 2.
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