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When talking about air-conditioning systems in buildings people argue with 

high energy consumption of those systems. They do not take into account that 

it is not possible in many climates to realise several indoor thermal conditions 

by merely opening windows 

Within the framework of the research project SANIREV, sponsored by BMBF and 

ROM, the Hermann-Rietschel-lnstitute make tests about the use of window 

ventilation. For different roomloads and out-door-conditions the room conditions are 

determined. Now we got the first results. The limits of ventilation by opening windows 

are set by thermal comfort. Its parameters are temperature and air velocity. 

Limits of thermal comfort 

The German standard DIN 1946/2 reads that thermal comfort is fulfilled for people, if 

they are contented with the temperature, moisture and air velocity in their 

surrounding. 

The thermal comfort is be influenced by the activity of the person, the clothes, the air 

temperature, the temperature of the surrounding surfaces, air velocity and moisture. 

These factors are influencing themselves mutually. Fig. 1 shows the range of thermal 

comfort according to DIN 1946/2. 
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This diagram snb\.~i$ the range1 :'6'1! .'therfma~ . Gdrtlfdrt Wittl:the parameters:; temperature~ 

and humidity, for a sitting person with norm<!Wf'.a~tivity ·.and:Clothing .. --, lG '.')·:_~, ;;) , , ii :} ,orJ · 

An other influence to the thermal comfort is the vertical gradient in air temperature. 

The limit for that · rise -rs··-aefined with the temperature gradient between 0.1 m and 
; -· ·-

1.1 m height. These are t~ p9sitions ofthe ankle · and the head. Newer publications 

point out that it is importanhc1'.rJalise temperatures in the range of thermal comfort in 
I I / ' 

the head and ankle area. So the influence of the temperature difference is smaller. 

Air velocity where a perso~ feels 6omfort~ble depends on temperature and turbulent 
I , · -. \ · , 1 ..... , 1 '_,:~. • ~ 

intensity. Normally, draught is found by air velocities abo\te' 0, 15 m/s. For the thermal 
I .. , . . 

comfort all oth~r .. parametersi must be in:· ·t.he comfort rang~. It follows a list for the 
·~, -.), I .. ·i· '.'.':- - ( ' t,:J·~ ~ ·\ 

limits that have oeen setJn th·is .t(lvestigation. :.-. ~ . , .. ,,. · · 
t "- .., ' ' 

I 

Air velocity 0,15 mis 

air temperature 
.. \ , ·. ·i~) f 7 ;~) 1:1 -1 ; ·;·.> 

temperature gradient 
.. =. i J -·1 ' ~' ·, .: r ·r 1 f~\;V ~-·11•. v ' 1 ' ,, ~ , .• , • , ' 't i ·~ .' ,1 ' J'I .' 

An other aspect for thermal comf$ ; i_~, ;~Wi-~if~ qy,q)ity, i.DJe~rfrPR~·#- ~BP.q.~i·U~~a.l_!~l-', !n 

offices is important for the feeling and health of the people. For a good air quality it is 

necessary to supply the room with enough fresh A~~1il°f~,~, .• Y:~[)ti!a!io1n r:at~, pe~~~~ 

on the building, t~e materials used in the rooms _ and the users' behaviour. In DIN 
.·:_: ·"~:n ~fi ':)": :-. H;;;i;; , i\1q u ·:: ,\; l'·iJVil i '-lilt ·,r_,11 ~ i;· ', ; ·i"' '.u il :, :l,:Ji f .' ~J. )'-1 

1946/2 guidelines for the ventilation rates are given. For office rooms a minimum air 
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volume of 30 m3/h and person and 20 m3/h for each smoker are given in that 

standard. l 

:,- ' / 

Air flow when a window is '0p~n 
<:; 

Because of the differEfnce betweer:i the outdoor temperature, and room temperature 

the density of air has ' different values and as a result the pressure is different. We 
' . I 
I ' 

take the example of an openable windq~. There woL,Jld be an air exchange when the 

window is open. This air flow is examined in thiJ case. -

The outdoor temperature is lower than indoor temperature. The supply air comes in 

over the bottom part of the window and the exhausted air flows out over the-top. It is 

alloiNed-to set the 1 :area from L~he docomin:g ""c;ii( eq148J:i Vfith !he .oµtg~,ing --~,r..; fig., 2 

shows the case of a \~oornjflow for· .a top~ ~:ung. 
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Fig 2: room flow when a window/~ op_en 
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Similarly to the displacement flow it creates a see of fresh air across the floor. At 
."- .. . . . " ·::<.-:; ;::) .. 1.::: ... :,. ., 

warm objects or persons we get a buoyancy flow. The warm air under the ceiling 

flow~ft5~1}1 th~(t6p ·6dt1~ wiRc16~ in't~~r-5Jft-datidi'r-tgr~{ ,c:-1 L:' ' '···~ :-r: . ·: .~ ; .. -· ,~;<{;.: ; · :/,. 
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1) - The forcing parameter for the incoming .air r~sults from the different 
'~ [ ~' /.',1\} 

densities between indoor air and outdoor. ;., • '. -1 \' l · ·· { 

The outdoor temperature is lower than the indoor temperature. 

- The volume of the incoming air is equal to Tl'l~hi>f1the · O'!.ltgoing .air 

No crossover air supply (not two windows qpenh .. : ' i JB ) 

2) The inlet area is equal to the outlet ar~a . .. '1 1. J , I 

3) - The incoming air is symmetrically distributed over the inlet area 

A\ \1\1--- -1-:-.L- --- ..J:-.L-:L... •• .L-...J ---· .1-- _, , __ "L..- ·---
•.ft) : ;Te. VVdll 11 l.t.IL:ljl;Sl;) di t: ui.:>LI ·~y~,t:U'.f:~~·ct• .,u.vv• ,LI Iv I UUI! I 

5) ·- The ~ir flow is not obstructed by furniture · 

6) The influence of the wind is ignored 
[, :: 

'.fV I I :\1 
I f iJ ,' 

Air volume 

T~e air volume is calculated with the half of the win~fows qpenio.g area_ ,and the air 
\ • \ (l • . ,. 

velocity at the inlet area. The air velocity at the inlet fs defined by the different 

densities between room and surrounding and the effective height. The effective 

height is the distance between the lines of Jne . Yil1.n~frrt f{8i~ i~)1nlet a_nd out~~t flow. 

The pressure balance between the inside and the outside is made by air exchange. 
\1'

1
1 )

1 
,. ~ .. , ... ,~ tll;.11\11.i 

Temperature and density of the air connect with the following equation 

(1) 

p, L1 p = density, -difference 

T; L1 T = absolute temperature, -difference 

wk~n air is flowing through an open window, there is a xltss :.bt pr~·ssure. The 

equation for the calculation of the velocity of the incoming air in the open area of the 

window includes a drag coefficient t; = 1,25. 

l '"~.-. .- l ~ -1· · 111·,' )1·"1·'·.1 r_,.r·"'· /"1.)1·i ·., · ".r:• 1 ' i,~-,·1 r111ll{-)'·•.:--)· 
J .., > " ~ ' ... · i, '--' I.. ( \i ' ··.<'I I.~ 1 l • '.! \r , ,,, \,/ '1 , . ' j ~- I , l , . .. 

no ~; :m~ ·q b ·;':i\NO '~ ·~111k:;'~ : r-; .~1r.:1e;ii .. id~ ni n~:.:riJ UWC'll :·~i 9r)i2J1, 11i~ r1. J1ui:0·!~1qmsJ 

4 



Technische Universitat Berlin 

' I _ f ,_, 

(4) 
.~. . ~ . 

t I.~. ~ .. • 

/ , 
(_:J : I , ~-I , 

h ,~: ~ .. •. ( ,effecmvedrstffnce ,l - " ;;.··' 

s = drag coefficient~ •~"11"!\i : \t 

TA = outside temperature !.:; 1 r:! ; 
.• ,i 

The supposition No. 3 said, air .. velobity' 'ofni11'corilirl~i and outgo1h~; air is equally 

distributed over the specific area. Therefore tbe calcu~@tion of the airflow takes tpe 

middle velocity in the centre of the area. 
111 :. 

The inlet area is half of the total opening area (supposition No. 3). For a tilt window 

the equation for the opening area is 

·-. . .-, ' 1 .,,. . 
''E = a2 /sin r., '+ - • 0 ·• c . 

,_; b 1- ~·Dir : .. ~ ':!° 

_, . 
(2) 

.:·n: ~.JI , , J ;r . 

l J ., 

\ ~ ,;. " 
-· '3 l . 1~ J· .,, . \ ' -

c = edge in the flow 

= opening angle 
( f I 

The equation of the airflow is: 

:· (' 1· ::: " .. 1r -~•!'\;~ ;-cJc· · r ;:• · :·, ·: ·:· c.· r·· ! 1· 'l~'I · ,.,,·:·,; "' \ .·._......J,,,1 , .•. 1 .... ~ .'.1•. ) t:·l.·l•..r ~.J C. ·· ~1 ,, ~, •• 'I ... ~.- •. ·' 

Cooling power when the window is open 

When the window is open, the airflow has to neutralise the cooling load. If the 

temperature in the outside is lower then in the inside, a cooling power depends on 

5 



Hermann-Rietschel-lnstitut Technische Uhiversitat Berlin 

the range of the opening area and the temper~re differ~nce b~tw,~en inside and 

outside. The equation 4 shows the calculation 
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= heat capacity 

= air density 

Air velocity above the ground 

The thermal comfort depends on the air velocity in the room. For non isothermal flow 

the equation No. 5 shows the calculation of velocity in the ground area. This 

empirical equation is the result of investigations in displacement flow. 

(5) 

. a 
q= -

A 
= relative cooling load 

= distance above te floor 

A = ground area 

Temperature above the ground 

The density of the incoming air is higher than the density of the air in the room. The 

cool incoming air sinks down to the ground. On the way down its temperature is 

rising. Against the thermal buoyancy there is a slowdown because the incoming air 

mixes with-room air. The temperature above the ground is calculated with the 

following empiric equation. 

(6) 
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TR = 
TLB = 

c = 

, r ~ :" '·' 

Calculations 

air temperature in 1.1 m 

airtemperature in 0, 1 m 

parameter ftWthe distribution 6fthe·;oooling 16ad r:, x. 
- ( .. . 

: ; •' ··_-I\; 

" C 1" .... ..... 

I~ 
J 

The equations that have been presented permit to calculate room-air velocity and the 

maximum of specific cooling power under given exterior air conditions. The program 

used is based on a spread sheet calculqtion program. Ext.erior temperatures and the 

window's opening angles can be varied. The exchan~ed air volume and the resulting 

specific cooling power can be determined this way. The, results of the calculations 

will be presented in the chapter results. 

Construction of the testing plant 
nf· .. 

The results of the presented equations have been checked experimentally. This has 

been done in a specially equipped room of the Hermann-Rietschel-lnstitute. For 

further study of the room flow caused by an open window a testing ,J*m~ .~~ 
,o:: ,I I ~ '•. -,,. ~ ,. i 

constructed. The results of former experimentation and calculations serve as a basis. 

;the t~·~ti~g p~a~1t i~ ~1i~i~~~ ii A° tWo ~re'~s 'by 
1

~: f~d~B~v~i~ment': 1rdjh~ 1ofiifh~~~1 ate~~ 
I 1·1 '-.;; !'.) ,H,·· .. n:·r1 ~·,~\<· i·r1·. ;- i·\ ·'.'·· ·1,·'r: . ·:·.·· 

(outside) an outdoor atmosphere· is created by ari air cooler.-The cooler wckks in the 

jsplit princi~l~.~ftie 1arg'er a1re~-·fepre§e1nt~~~-n otiic·~ with itsi(so&'des of heat. 
~ ir. 1\ ~(lil~J1J 

Measures of air velocity and temperature are processed while windows are open. 
· ' ' / ' r' r' '~ /1 , l ~ I 

Fig. 3 shows the ground plan of the testing plant. 
,1 1Ci'i'ir>:J l'•J>:.iT .J·1rxL !~;It ~r 1 1.rl:: 'ff'{! Ti~!i 10:i ii.' .. J'\;: l";J!11.11·· i i:r::iil .. , \,, .. !:'.)JI 

:I 

I • ) • .,,1 , . 

l. " ''( '' l··.·· . ,.' 1""' " ....... j "~. 1.- "'t . , .: •. l , ;::-, .. ,. U f . ' -, ~ • /1 11: .:J , _. ,; "'--• ,_. F , t._, , · Ir I 
, ' ' 

office area 

door 

5,25 
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Fig. 3: ground plan of the testing plant 

\, ,, 
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The facade element; is coJnP9.$ed1 of two differe,nUy -~ized wjndows. One ~-is a tilt 

window the other is a rotative one. The fig. 4 shows the view to the facade element 

from the office area. 
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Fig.4: view of the facade element 
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Results ' !"( .. 
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1 ·::11r;·· 

"fr~9 f.fEt~-plti~g.;dJ~p,la~e_rr~nt 8~?~~~-~~$~? ~Y;:,~n _op~-~-; ~i~·~R~)~ calc~~'~t~d,,'f'Jj~h _tp;e 

_given , da~p and m_rr~~o9~·ryAt 1 diffEff~.~t :RY~~19?r}e~peratures,,,W~,, .~ir vol_um~ . is 

calculated. In Fig.5 X9~.~ip~!:~a!r. voly~~ __ oyr~,P:~~:?o:~r}~~peratl!r.~· The air,,Yi~l,o~ity at 

floor level as well as the temperature differences between floor level and 1 .1 m are 

r""-~ 
1 

- \' ; , ·1 C.I •' l '<:I+ : · - , ('I ) 'I \'1 . . c j I ;>' • ·~-• ' t, o H.••.JJ < ,_ I luJ J bi 1 j._ 'j_~ ~I ·b~ .,;t, '• '• ,(, l,, 

It can be noticed that_ underJ_Q~G-ou!dq9_r tempe~at~re the above fixed comfort limits 
' ' I 

cannot be held. If m&e savere criteria are-aCl'dpted, for ex~mple for the temperature 
.... ' r--• - -.- ."!"" -· . ' 

difference between 0.1 m ~~d·:~~~1 m. height1;-·the limit-s of-1th-e applicability is 14 °C. For 
I 

less severe criteria larger ljmits of applicability can be adopted . 
"· . I 
,. , . 1 .t.:;; ·1c · >~::i1· 1c 1 

~. I 

I 
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·~r!n summerUme often thermal loaas 1·have t81 berYran~pt>rt~. '1n:fig.: 6 you·1f~ci the 

specific cooling power for:different openin@ cil'~1~les of'ihe wi~dov?~~ ~ f~ncti~·~ ~f'1he 
outdoor temperature. 
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Fig 6: specific cooling load 
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In this figure you can find also air velocity and the temperature difference as 

parameters. The maxtmum specific c0olinQ1,poweris limited by the criteria of thermal 

comfort. At an outdoor temperature of 10 ~ .22°C its l'l,'laxi_mum is 35W/m2
• Again, it 

less savere criteria for air comfort are adopted air volume and t~~efore the specific 

cooling power rise respectively. 

Summary 

Room flow caused by open Windows can be calculated by using displacement flow 

methods. These results have been prqven by measurement. On this basis a testing 

plant at the Hermann-Rietschel-lnstitute has been put up. 
r_ ; ! C! - ,.. ~ ' -[ -, -; 

The presented results-show , an ·open wi11dow can transport cooling loads in 

summertime and interseason. Tille maximum' specific cooling power is 35 W/m2
. 

Below 10°C outdoor temperature thermal comfort can be no longer guaranteed. 

Opening windows in office buildings have a1n li'm1te'd\~pplicatiorf ; ar~1ci." The/thermal 

-~o~fort is more,., irn~~ljap! . thpQ '. tp1y .cooling -c'. <JJower, in summer.time 1 a higher 
"'' · ,' , \\ II 

' ) ~e.mp:~atuLe ~~ ~Tore ac~1~t.~bJ~ as1prau~~t in th~ -.eool ; seasons. 
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