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Ventilatlon cfflclency .xprca¡ea the abilfty of a eyatem to keep away or
to rcinove pollutanta from the ¡enaible areaa of a room (e.g.occupational
zone or cold ¡urfaces) rith a glven air changc rate. Ventilation
efficlency may bc defined aa (1L

CP-CA
cç

CRi - Ca

with: gp = pollution concentration in the exhauet air
Ca t pollution concentration in the aupply air
ç¡i- pollution concentration in the room air at tocation i

Por CP - CRi (complete mixture, dilution ventilation) e = i. That caae
may hardly be found in practice but ia moet corrnonly used for
calculation and modelling purposeB, becauee of a cormon lack of abitity
to account for the complex pattern of air movement in a room.

Relevant for curface condensation ie the dew point of the air in the
vicinity of cold aurfacee, NOT the average ¡rater content of the room
air, a point of particular relevance for the planning and installabion
of efficient ventilation syeteme.

If not otherwise apecified, the air change rate in thie paper refers to
complete mixture too. In many practical cases special provisions (e.g.
range hoode) or uaers behaviour (opening of windows cloge to the
pollution gource) will improve vapour removal (e ) I ), in some other
caaea it may reduce it (e.9. in 'dead" cornera of a room, e ( i). In
general honever, the air exchange rate refemed to complete mixture is
assumed to be on the safe side of the eatimation of ventitation
efficiency.

PRODUCTION RATES OF HATER VAPOUR IN DI{ELLINGS

Contragting to the situabion with chemical pollutants, with water
vapour the potential emission sources are known. .Even though usera
behaviour varies in a broad band, the expeeted range can be estimated.

The following :'6e6el d¡relting" shall be investigated:

appartment flat
1ØØ m2 living area
three head family
average factor of presen ce: .7

A number of publications (2, 3, 4, 5, 6) specify vapour production ratea
of sources cormonly found in dwellings. lable 1 tists the main aourcee
and their emission rates.

tlith those rates and thê data of the model dwelling a vapour load as
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specified in table 2 nesults, totaling to about 12 kg per day or to an
average of 500 g water Per hour.

Ae already mentioned the amount of ¡rater vapour remaining actually in
the air can be expected to be considerably lower than the values listet,
because part of the vapour generated by partiiularly critical processes
(e.g. cooking, ehorrers) is normally removed by direct ventilation before
mixing with the room air. Additional loads would be added if nashing
would be dried in the rooms. Such drying however cannot be considered
usual and is normally interdicted t,o tenants by contract. Because of the
water etorage capability of building masses, peak loads of vapour do
generally not pose a problem.

CRITICAL BUILDING SURFACES

The cold outer surfaces of a building are the critical ones regarding
condensation problems. Gertis (5) has investigated the thermal
behaviour ol particular critical building geometries. In a three-
dimensional corner on the outside walls of a building under a flat roof
ceiling (one of the geometries bearing the highest condensation risk)
constructed according to the German building standards of 1 981, it was
found that the surface bemperature will fall below the room temperature,
by about one third of the difference between room temperature and
outside temperature. If e.g. Îa = 2 C and Îi = 2Ø C, a corner
bemperature of only 1 4 C witl result. Acconding to the same source the
temperature drop in one-dimensional corners of older buildings (flat
roofs are seldom encountered with them) is in the same order.

HINII.{UI.{ VENTILATION RATES FOR THE HODEL DTIELLING

From the point of view of surface condensation the requinemenb to
ventilation is:

the ain change rate must reduce the vapour content in the room arr
at least so far as to reduce the dew point temperature bel.ow the
lowest surface bemperature.

For some typical meteoroLogical situations, the minimum air change
required has been calculated, assuming complete mixture of the room air.
Table 3 gives the results for a cold and an average winter day, for a
typical spring on an autumn day, and for a day iust above the outside
temperature where heating is no more required. Relative humidity of the
outside air is assumed to be 8ØÍ in all cases. The surface t,emperatures
according to (5) are used for determination of the maximum aLlowed water
content of the room air. Taking into account the vapour production of
the dwelling the necessary air change rate can be determj.ned.

It is seen from the tab1e, that lor all temperatures during the ,heating
Eeason, an air change rate of
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Vmin = 85 m3/h

Ís aufficient Ín the model d¡relling, correeponding to .34 air changes
per hour. Even in a considerably smaller dnelling of e.g. 7Ø n2 living
area and with the same vapour load the generally recommended air change
rate of .5/h can be coneidered sufficient.

llith rising outside temperature the minimum required air change too
risee. It is bherefore important to increase ventilation beyond the
specified value outside the heating season. This ís less a problem of
economy or of comfort, because no energy losses are taking place then
and because draught effects play a minor role during the warm aeason.
But it requires deliberate measures to increase ventilation, since just tr\ø,r

more ventilation would be required, thermal forces as driving motor
of ventilatÍon are week or absenb. The experience observed, that
condensation problems are encountered particularly in the transitionoL
aeason proves, that no consciousness exists of this problem in the
public.

DISCUSSION OF THE RESULTS

The case presented can be expected to be represenbative for a great
number of dwellings in the existing building stock. New buildings wibh
inproved ventilation according to the latest regulations will cto with
stightly lower air change rates only during the colder season. At higher
temperatures in the transitiornlperiod differences are neglectible.

Experience bhat the specified air change is indeed sufficient under
normal conditions, is confirmed by the observation, bhat in many
dwellings air change rates under .5 are taking place. Nevertheless
condensation problems occur only then, if additional stress, deteriorate
the situation such as: fÉ.Joa

- additional vapour generation (e.9. drying of washing)
- considerable reduction of bhe room bemperature (e.9. rn bedrooms)
- deterioration of the heat transfer coefficient from the room air to

critical. (cold) building surfaces (e.9. furniture before outside
wall).

It should be noticect that this paper considens only surface
condensation. t{ith building hulls of unfavourable construction (e.9.
vapour barrier wrongly placed) condensation may occur inside a building
element, impairing its lunction and durability.
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Person, ruhend

Person, wohnungsübl iche Tätigke'it

Topfpfl anze ( mi ttel groß )

Koch- und Feuchtreinigungsprozeß

l,Jaschmaschi ne

Duschbad

Fre'ie Wasseroberf ì ächen

40

30

ì0

I 000

300

2600

200

9/h

9/h

9/h

s/h
g/Lauf

9/h
g/hma

Table 'l

Sources of Haber Vapour in Dwellings

Table 2
Hater Vapour Production in a 3-Head Dwelling
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24 Personenstunden, ruhend

27 Personenstunden, tätig
ì5 Topfpflanzen

3 Stunden Kochen und Feuchtreinigen

0,5 I,laschmaschi nenl äuf e

l5 mìn Duschbad

1000 cma f re'ie I,lasseroberf I ächen

Sonst'ige Ei nträge ( z . B. regennasse Kl e'idung )

SUMMI

960 g/d

?430 s/d
3600 g/d

3000 9/d
I 50 g/d

650 9/d
480 9/d
200 s/d

'l .l470 
9/d
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Tag an der
Heizgrenze

I 40C

80f
zooc

ìBoc

88f

4,9 g/kg

t 20009/d

85 ntlh

ilbergangs-
zei t

ì ìoc

80Í
zooc

ì 7oc

8?t

5,6 g/kg

ì2000 9/d

75 m3/h

tì¡rchschnitts-
ridtertag

5oc

80%

2ooc

ì 5oc

73 r,

6,4 g/kg

.l2000 
9/d

65 m3 /h

kalter
llintertag

-4oc

80 l"
zogc

I zoc

60 r"

6,5 g/kg

12000 s/d

64 n3 lh
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T
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Außentemperatur

reì ative Außenl uftfeuchte
Raumtemperatur

resultierende 0berfìächentemperatur an beson-
ders gefährdeten Gebäudestellen (nach (S ))
zulässige Raumluftfeuchte., so daß bei To noch
keine Kondensation erfoì gt
durch die Außenluft nach Aufheizen auf T.
und bei Anreì chern auf qr * -,,., transpor- l
tierba¡"e Feuchte I r('u I

tägìicher Feuchteanfall in der 3-Personen-
Model I wohnung ( nach Tabel 1 e 4. 3-2 )

Erforderliche Luftaustauschrate, zum Abtrans-
port der in der !,lohnung anfallenden Feuchte
(vollständige Durchmischung der Raumluft)

d\

Table 3
tlater Vapour RemovaL by Ventilation in a 3-Head Dwelling
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