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VE¡ITILATION OF SLEEPING ROOMS EXA'NIIIED UITH FLÁIæS THICH SIMULATE
HUHAI{ CARBON DIOXIDE E¡{ISSIOII AI'¡D HEAT DISSIPAÎION

Hans von Ubisch
c,/o Statens Miljömedicinska Laboratoriun

Stockholm, Sweden

Princiole and Aoplication"of chis l{ethod

The concenÈraÈion .of carbon dioxide in e.g. a sleeping roou is kno¡¡s
to be a suitable hygienic index of the perfornance of the ventilation. But
if huuans ehall be replaced by any other suitable source of tracer gas, it
is neeessary to take properl,y accouot of the effect of body beat too. This
heaÈ will break up thernâI sÈraÈificaÈions inside an enclosure and by in-
creasing Èhe inside-outside tenperature difference it r¡ill also provide a
stable and lhe nosÈ reliable force for a naturaL ventilation. Vqrtrlation
due to Èhe wind nusÈ bè kepÈ aÈ a ninimrn in cold enviroo¡e¡rts, just suffi-
cieoÈ Èo ensure Èhe vencilation and drying-up of an enclosure not iE u.se.
Such is Èhe situa¡ion in e.g. caravans or in pleasure boat cabins and also
in snow shelters in Èbe nountains. Under such cooditions freezing people
are susceptible to tighÈen up sources of inrushing cold air.

Ilhen in Èhe laÈe óO-ies ¡he ilcreasing rate of aspþxíations in car.a-
vans and in similar acconodations alarned Èhe $r¡edish authorities, tàe test
¡neÈhod vith so-called gereon-equivalenÈ flaoea ¡as developped. The resulÈing
carbon dioride concenÈiation during the teÉt vas measured. FurÈher of coursã,
regulaÈions had to be enforced againsÈ the co@on sources of carbon oonoxide
fro¡o the applyances. (1, 2).

Standardized boEtle gas burners uere found to be the Eost suiÈable gas
sources. They äre easily handled and they are accepta;ble and undersÈandable
for everybody, ouch more than other possible methods or the use of exotic
tracer gases. But that the heat producÈíon waÊ very inscrumenEal too¡ we
found when phvsically examining the venÈiletion of a vell-iosul¿ted cara-
van. BuE ít is not necessary Èo siouLaÈe exacrly humans by burners, if only
raÈios are kno¡¡n and the carbon dioxide co¡ceatraÈion is sufficienÈly abov€
any background.

The use of bottle gas burners was exÈended to ordinary buildings aIso.
Ilere of course, Èbe source strength has to Þe related Èo the volume of the
roon and not to the naxioum nuuber of persor¡s possibly pr€sent. Finally,
for the cor¡ditionc shere bottle gas equipcent by itself yas less conveaient,
and for ßhe benefit of anateure, ca¡dles sere also exenioed ànd sta¡¡dardized
for the purpose. Carbon dioxide can everyuhere easily be ueaored, e.g..by
neans of cheap pocket gas analyzers, rhich everybody caa h¡odl,e. t

The examination of carsvane and of pleasure boac cabios

For avery bedplace ¡ fl¡¡e is ligthened re is specified in Table l. Ir
is placed either on the bed or qt the floor nearby in a flaneproof vay. In
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FIC. I. EXAMINATION OF BOATS

VALVE IN CEILINC CLOSED

t C02

2 CANDLES /
BEDPLACE

BOTTLE CAS STOVE LIC}ITENED

Vi99 282 vi99 707
Vì99 53

VI GGENKLUBEEI{

llBS BâthaÃn
ì 979-03-3ì

0.5 Z for caravans in Èheir oun country'

Figure I reporEs from ¿n exanination of the cabins of an identical

group of pleasure ¡o"t-"'-t-t'" influence of-stoves r¡hich do not change by

rheoselves Ûr" qu.rr-ti-åf'ät-;i;;-is-visiurã here' these boats Ìtere asbore'

26L

Table 1. Scandardized flames and oatr'

Consunp- Ileat
troû

+ CO. + H,O - Or Relative CO2 -
z L - concencraÈrons
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o

COAL STOVE BURNING

1200

FIC. 2. EXAMINATION OF A ROOM

7 C02

TIIIE

0.55 I C02 nl ' 0'26 or6/h
0,6

o,5

0É

0,3

o,2

0,t

BoÈtle gas

2 Candles

Man at rest

10 l/h
20 sll:.

260 r.¡

210

115

30 r/h
28

20

29 elt. 48 l/h
23

40

40

25

10, nominal!

93-95
70-90INSUFFICIENT cq ' q/V . 0,145 l/h

f!,llXlNC OF
THE AIR IN
THË ROOM

1e

c = d/nv fl-"-nt)

0,1: C0? nZ ' 0.48 ors/h

Í,OODEN FAfuIILY HOUS
MAtN RooM, r,¡¡runÃlf#¡irJ/r. reTe_03_28

V = G9¡n3

GAS STOVE in ROOM

q = IOO l/h CO2

-nrt -oatea

THROTTLE
OPENED FOR
FI REPLACE

Reuarks to table: ¡-o¡i¡c rêmDêra¡ure lO-25oC
ðotÈle ges: Propane-ProPene at noroal Pressure' testing teBPeraÈure

candles: p.rt. 
"t""tiie, 

as ll,iljeholmens vita kronljus-' The consumpÈlon

varies ueciËIå :ã0"-""á i¡soc uv 7 z onlv' The'flames vill
dvindre uv-liã"t-io 7 a¡otod t i ær' They extinguish later'

tfan: Nooinal values froo Èextbook'

Eouses examined

The figure of incerest is
to be calcui¿ted from rhe dilu
ample from such a Eeasureneût
stäve ¡¡ith a gas Deter io the
lected up under Èhe ceiling by ucale
gae analyzer. the oPerstor reoained

Two thinga ere aPParenÈ fron. Figure 2l If a proper exPonentiel riae

of the concenEraÈion .1."t ia really ãenanded' tt "'g 
electric fan ehould0
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FIC. 3. NOMOGRAM FOR THE MEASUREMENT OF AIR EXCHAN_
CES WITH A CALIBRATED SOURCE FOR CARBON DIOXIDE

break up possible sÈracifications, if the air is noÈ takeD froD an air
e*it suåh ãs in Figure 1. Second, Èhe change of a Parameter during che

tesE, such as here the opening of a Ehrottle, is easily observed and can

be evaluated too.

Carbon dioxide r¡as neasured by neans of a pocket gas analyzer'
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The risks
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HOURS

candles anibottle gas equipnenÈs constituÈe faniliar fire risks. spe-
cial care should be takãn however' noÈ to place large groups of burning

monoxide from caodles ön1Y.

Bottle 8as burners are Dore dangerous, dependently on Èheir tyPe and

their speciai use. Any oxygetr deplecioo, expressed here as a related carbon
dioxide concentralion, interfero with the conbustion and a very sevele car-
bon monoxide risk nay sometimes develop. However, an approved burner pro--
perly used, is anyway safe up to about 1 Z @r, but .i! t"y becane really
ã.rrgà.or" beyond say 3 Z. Eventually the fla'e êxtinguishes and.escaPing
gas now confined Èo Èhe room nay later consÈiÈute a very explosion riskl

BoÈh Èhese risks can be avoided by oeans of aÈoospheric guards,
snall flames soDetines installed in e.g.. caravans, which extinguish
around I z co, whereafter chey thernonechanically throttle the gas line..
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q
N=-¡

v

H,v¿.t
j nounJ



264

SUMMARY

H.von Ubisch: Vent i lat ion
s ¡.mu ate human

of slee ln roouts examined w ith f lames r.¡hi chcarbon d lox L ss and heaE lss lon. The measu re-fmenc ca ond lox de conc enCraE ons s practr.ca rom E hygienic poinr1of vier¿. Especiall y it is so in cold climaEes in caravans, in pleasureboac cabins and in oÈher occasionally used enclosures where venEilaÈion iskepc at a minimum and should be main tainetl by at least human heat dissipa-Èion as irs drivin g force. Wind forc es do behave much coo er raric. A tablecoEpares humans wich standardized bocCle gas burners and als o with candles.In a CesÈ, Che suicable lini r for carbon dioxide is seÈ. at 1 .O 7", or per-haps better ar 0.5 Z. If on Èhe other hand the numbe r of air exchanges perhour is asked for as in o rdinary buildin 8s, â nomogram is presentecl for aspecified sourcc screngEh. This facil.icares and speeds up Ehe whole pro-cedure. The use of can<Iles can be rec ommended Èo arnaÈeurs.
The possibte risks are also discussed.

RESUME

H.von LJbisc h: Venrila tion des c hau¡bres à coucher examinée à I'aide desf ar¡¡mes tmr Cant I rss b de one huma rn efca a SS E 10n deLa Èe rm¡.naÈ delac onc en tra t on du loxy e de carbon e estcrés inporcance du point de vue hygrenlque, en parti culier dans 1es climatesfroids, dans Ies ca ravanes, les ba teaux de plaisance et auÈres espaces fer-nés où la vencilac :.on est rédui re au minimr"n etoù, pour des raisons éviden-È.es, la chaleur du co rps humain peut-êÈre la force principale de ventilation.Ici, iI fauc réduire la force du venÈ au minimun. Un Eableau compare de cepoint de vue Ie co rps humaÍn avec
_ 
les brrîleurs pour bouÈeilles à gaz stan-dardisés eC les c handelles ucilis ees. Dans le tcst Ia firnit.e maxim¿¡lc accc P-ceble pour la concencraCion du b ioxyde de carbon a é té fixée à 1.0 2., oumieux à 0.5 Z. S I drauÈre part, on veuÈ connalÈre I e nombre d'échanges dtarr par heure dans un i"r-eub1e ordinaire, un nonoSranme Pour une source s pe-cifiêe pour la vol une accêlere eÈ facili Eera 1 tévaluat ion. Les chandellespeuvenC èCre utili sées nème par des ama t.eurs .

Les risques possibles sonc discucés aussi.

KURZFASSUNG

H. von Ubisch: Durchlüfrun von Schlafräu$en rÛfr miÈ F1 aûmen welche sow e Menschen I end lox u¡rd l.Järme ab eben. D Ies c e nsËelle e Konzen-
Ko

crat.ro¡ì rst natUrl lc he n guLus grenisclres Maass. Ga¡rz l¡esorrrl crs so in ei-nem kalren Klima in Hausuagen, FreizeiÈbooEen oder in anderen mehr zufä1li-gen tlbernacht, ungs räumen t¿o die Durchlüftung beschränkt w ird und wo eine na-cürIiche, du rch Körpervä rne angecriebene, das Ge gebene isÈ. Eine r.¡indgeËrie-bene isc ja zu sehr unzuverlässig. In der Tabel 1e werden Menschen rni t ge-norÌnter Flaschengasf Iarnne und mit Kerzen ve rglichen. Bei einer Messun g wirddann das zweckmässi ge }laximum für Kohlendi oxyd z! 1 ,O Z gesetzt, odervielleicht besser zu O,5 Z. Falls jedoch in einem Gebäude der LuftumsaÈz proScunde erfragt wi rd, lassen sich diese bequemen Spurengasq uellen normierenund nir tilfe e ines Nomogra¡¡¡E¡es wird l{essung und AusnerÈung beschleuniKerzen sind hier Frlr Amaceure zu eupfehl en. .
GefahrenoonenÈe werden auch beschrieben.
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