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VENTTLATION OF LARGE MILITARY GARAGES
ANDHEATING WIIII IR RADIATORS.

EXAMPLES AND ECONOIWC ASPBCTS.

KlssAncb

Swcdish Environocnol Rc¡ca¡ch I¡sti¡¡tc

Stockholm, Swcdcn

STJMMARY

Difieæot ways of vcntilating large milinry gs¡ages wc¡ç ¡¡¡dicd, The sndy was
prmpcd by cmplains from soldicrs ¡r¡d officcrs conccrning cxhaun g¡ses floo
ve,hbles driven outof orinto the grr¡gcs

This t!"c of military garagc is only uscd oncc c turicc a day, and soæim not at dl
fc sevccal days Ncvcrthcless, the Swcdish Consruaion Codc ptscribcs as sxhs¡r$
ahflowra¡cof u lcast0.9 Vs pørnP floc spaæ wtrcn peoiscsuevmilaædþ
c."s. ln ¡ùis casc, this sccns both rmncccssry and c:rpcnsivc.

Wc fqmd ùat thesc higNy spccializcd gprages corùd bc cficctivcly mtilercd jut þ
baving rhc docs wide qen - for at lcast 7 minuæs aftcr vchicbs b¡d bctn ùiveo in,
¡¡rd fø l0 minutcs afur they h8d bccn driven out of thc pradscs lR ¡ediu¡ rre
urcd crly wbcn pcople are prescnt in the garagcs, and thcy ptovidc rn cft¡rivt mns
forpuviding good climatic cq¡ditions.

ÎbÊ indoú clinarc was pcrccivcd as plcasant and oofcable whca IR ¡edi¡icn wrs
usdsfrEr¡hc gûsgc doc¡ re closcd- The lRradiaus nccdcdo bconfuabout
Zlminutcs lo providc a srcady-natc ærnpctan¡rc. Morcovs, ùc nnl cncrg æst fu
bcaring ùe giara¡cs wrsonly b¡lf üe¡of cowt¡ion¡l tr¡¡Ër-bcaædsysæG.
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VENTILATION OF LARGE MILITARY GARAGES
AND HEATING WTTH IR RADIATORS.

EXAMPLES AND ECONOMIC ASPECTS.

Klas Anckcr
Swcdish Envi¡onmcntal Rcscarch Instioæ

Stockholm, Swedcn

l. Background

Diffcrent ways of vcntilating large miliwy ga¡ages wcrc str¡dicd. Thc sutdy was

prrmptcd by complaints from soldiers a¡rd officcrs ænccrning cxhaust gnscs ûolm

vchiclcs drivcn out of or into thc garagcs.

The garages a¡e detachcd buildings; they arc uscd for thc parting ofvchicles and

spotaaic maintcnancc, and occasionally for cducuional purposcs whcn eryty. Some

arc not heateô

According to tÌ¡c Swedish Constn¡stion Codc, thesc gAngcs rcquire vcntil¡tion of at

least 0.9 Vs pcr m2, dcspiæ the fact that ttrey arc only uscd sPomdically. As thcy are

not in continual usc, tltis ¡esulß in high coss forventiluion and hcating

2.Aim

Thc sUrdy was designed þ p¡3pafc a proposal for an effcctive and cheap mcans fø
vcntil,ating ard heating large milfuary ga¡ages.

3. Me,nsuring rncthods

3.l Gener¡l

Two scric I
cx¡mincd
vcntilation, rvtrile Scries II was us€d bg¡h to vcrify carlicr rcsuhs and provide

comparativc ¡¡EasuËûEnts. In additior¡, expcndiUles of cnergy on lR hcating and

convcntional heating were conrpared. A sunrcy of pcoplc's pclccptions of IR hcating

was also conducted

3J. M"-¡uring tcchniqucs

$¡mFlc ai¡ was I s

ar¡d via a Regtcc
Measr¡nmc,ns of tcopcrannes within thc garagcs u,cæ also takcn.

Insuument readings Gas concenration
EEaSU¡crnCn$ \r,Gtr to a cyclical æasuring
schcdulc. Niuogcn monoxidc NO) was uscd as raccr gns for dicscl cxha¡¡st ñ¡Ec's in
Scries L ca¡öon öoxide (COz) in Scrics tr. The mcasr¡remcns talrcn altcr¡¡¡cd
bctwcc¡r measgring points, cach lasing 5 scconds with a waiting timc of l0 scconds.

Tcnpcrature was mcas¡¡¡ca fgr a timc priod of I sccond- Including rccoding timc,
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cach mcasuring cyclc rook I minua and 47 scconds.

Analyscs of NO wc¡e cå¡dcd out t¡sing a direct-rcading chemiluminesccnce insm¡ment
(Tccar¡ cLD 700 AL); measu¡ing of co2 u/'as implcnenæd wirh an IR insm¡mcnt

olts '-r'

'l .'¡i 1 5:, . ú¡ltilr , -.lfJì 11¡- Íì
The accuracy of the mcasr¡¡emcn is estimated a¡ apprcx. lívo fsrrheendre , ," *,,-.1,. ^' :¡
mesuing systcn, comprising hoscs, multiplcxor, pumps, measuring insm¡ænr and
dataloggcr.
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The orpcrimcn$ comenccd whcn vehicles wcre pakcd in the garagcs. Thcir cngincs
Trerc starcd and allowed to idlc for l-2 minurcs bcfore bcing rcvased our They weæ
økcn out in shifts, thc¡e being about thec vchiclcs for cach driver.

4. Series I

4.1. Location and other conditioru

Figure 1. Garagc in scrics L

Thc cxpc¡imens n crr oondr¡ctcd in a vchicle-washing bay aproximarcly 13 mcus
wide,25 mctsrs long and 6 meurs high, urirh a rotal volune of a¡omd 2000m3. TLc

space fc 6 vchicles.,.' .n'
so.tfat cnrancc and: r:l.
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six ñnks, cach powcred by a dicscl engine wiür a cylindcr volumc of 52 litcrs, wcrc
uscd for thc c)cpcrinen$" Stand¡¡d dicscl fucl was uscd Drning thc cxpcrimcns, all 6
ankswe¡emovcdinandoutofthcgarage. tt, )r r:,

42 Expcrimørtal desiEr

Dffertnt ways
investigatcd- It
vehiclc cntcred
plaæ.
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IGÞ iC-ì'
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Tcsts for the following were made.

A. Passive (natr¡ral) ventil¡tion:

41. Mcasuements \vcre taken to comparc thc casp whcrc a vchicle was rcverscd ôuf
and d¡ivcn in with that where one uras ùivcn out and rcvcrscd in

As thc rar¿rsing-ow and ùiving-in cøbinuion gave distinctly lower exhaust
conccntrations, ft¡rthermeasurrmen¡s under a va¡iery of conditions weæ takcn only
fø this case. ,i', ì 'r. r

42. With a 1 metcr (floor o¡ ceiling) vcntiluor slot in the wall opposiæ the doqs, i.c.
at the far cnd of thc garage ; '

43. lvith the dosrs opcn at both cnds of the garage, crcating a draughr

u(

'- irl l

{t-. tl'

B. Ac{ive ventil¡tion:

81. Undcr gcncral vcntilation conditions (with vcntilation suply and cxhaust ai¡
ttuough the cciling) for the casc whcre vchicles wc¡ç drivcn in and the doon closod
immcdiatcly. Only one mcasuremcnt was taken fø ¡ltis casc.

82. \drhen a singlc powcrfrrl fan was æracting cxhaust gnscs frrom thc garage uùilc '"'!^
the doors wclË still o,pcn. Expcrimcns qrstr conductcd witt¡ the fan ræar thc floor and'

ncar the ceiling, at ùe fa¡ end of the garage. The fan had a capacity of 57(Xh3/ho¡¡¡,
grving an air changc rarc of approx. 3 ¡imes/ho¡¡r ¡¡¡dcr idcal conditions.

83- As 82 above, but with thc rctation of the fan rcr'cisc4 *.P ¡o Þtrow in ftcsh air'

Due to üre lir¡iæd timc aveilablc forthe c:çcriænts, only l-3 rncas¡rcoct¡ts wcrt
takcn ¡¡ndcr cach sct of conditions.

43 Me¡suring ¡lints

Forr mcas¡ring poinß werc sst up in ¡he vchicle-wastring bay (scc fig. 2):
NO was measured at:
-Pl 2 mcærs frm thc doqs, 1,7 rnctsrs abovc thc floor. "': 

':)

-V2 2æ¡ctsfromrhcinncrmstwall, 1,7 mctsnsaborrc.thcfloor' t !)

(in onc casc nca¡ thc closcd docs qposirc thc opcn doqs uscd fu cnrancc).
-P3 I ætcr bclow ürc cciling in ¡!¡s mirl¡llc sf thc b¡ll

i.(: idf.i.'
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Tcupcranne was measurcd at:
.Tl along onc of ü¡c long sidcs in thc middlc of thc bay, l,;8 mstcrs abovs ¡l¡g flooñì":Li) ,i.; ri- ' ;' l ui ' e u

- i :- :r .: - i:"ì i.Dt,g.- .¿s f,ì'
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Results

and a rcn¡rn to thc background conccntation value, i.c. when cxhaust fr¡mcs have
bccn virnrally cmplcæly evacua¡ed Êom tlre ptniscs.

<)¡-

Table l. Airing timcs for A (oæsiveventilæion onlv)
É'Acrimcnt Ventilæion Træ MVTSD

"ff.il ':'1".',

t !,',\

':t

:\rr )

ir

l', )

-lÌ i

numbcr
l=nl

Al ævcrsing our
At ùiving in

pas$ve

passivc with slot ncar cciling
at

passive with slot nca¡ flær
-Í-

with draught

8;6;t;9
g;6

ll; 12

t4
lo;9
8;9

7,8 t 1,3

7,0i.L,4

11,5 t 0,7
l4

9,5 t 0,7

8,5 t 0,7

11,0t 1,4

14,0+ 1,4

4
2

Al driving out
Al rcvcrsing in

A2driving in
A2 rcrrcrsing out

A2 driving in
A2 rcvcrsing out

A2 driving in
A2 revcrsing out

,
''i

2
2

2
2

2
2

l0; 12

13; 15

5;4
4;3" 4,5 t 0,7

3.s r 0.7

casc A2 (possive ventilation with a I meter ventilator slot atthc fa¡ end of the
garage) shows thu airing rqkes longcr whcn thc slot is placcd ncar rtrc cciling rattrcr
than nea¡ thc floor. Airing times wat rc lovnr thartwhcn thc¡e uras no slot at all.

;.,

ch,
grcarcr than in othcr cases. This provcd to bc thc bcst way of vcntilaring ùrc prc,miscs.

rl

!.f ll tî

i, t,¡¿, | .r i .;.ri,(.|
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Table 2. Airing times fø Series B (s,ith active vcntilation)
Expcrimcnt Ventilation Timc

(mins)
MVTSD nrtmbcf

(=n)

Bl driving in

82 driving in
82 reversing out

83 driving in
83 rcvcrsing out

83 driving in
83 revcrsing out

with closcd doors

fan extracts (nca¡ floø)
il

>90 >90

8,0 t 0,0

7,010,0

t
l1

l4t 0
L2

:)

)

I

2
2

1

1

2
I

I
I

8;8
7;7

82 driving in fan extracts (nearcciling)
82 æversing out -r'-

8
ll

. 't:.

fan blows in (nca¡ floor) .,l4i 14
-,,- 12

fan blon s in (ncar cciling l3
t2

r3
t2

In Cåse Bl (aCIive gcncral ventila¡ion with closcd dærs) a lørg tinc is rcquircd o air
the premiscs dcspia a rclativcly low maximum NO conccntration. The air chugc rarc
is 0,3 pcr horr, gving an averagc airing tiæ of ovcr threc hor¡s. Thc general
vcntilation was probably cither pørføming poorly or out-of-qder on üús æcasiot. 1

In Case 82 (activc ventilation wittt sttpplancntary fan - cxtracting) an cxt¡a fan was
moved betwccn thc floq and the cciling u the fa¡ cnd of the hall. Sfhcn the fan is
uscd fq extraction of air at floor lcvcl, tÌrcre is no clcar diffcrencc bctwecn casss 82
and Al.

In Cåsc 83 (activc ventiluion wittr supplementary fan - blor*'ing) thc cxua fan was¡
uscd to blow air into thc p,remiscs. Thc airing rarc was lowcr and concugations wstu'
highcr. If air is blown in, whatcvcr üre positiør of ùc fan, ü¡e ventilatim is itnpaird.

45 Disc¡rssion

ì 1'',1f

.4 :tr.l
J .'r{h '

Airing should bc nadc to work acco¡ding to the displeæmot principel tor thc .r.r ¡v l ,

grr,atsst cxænt possiblc. A stcady dþlaccmmt of air with no whirling rtcitculation' t

sosnts ¡o be thc most cffcctivc way of disposing of air oonuining exhaust ñ¡mcs. This
ca¡l bc achiwcd by r¿ising the garagc tcmpcran¡rc slightly abovc that of outdm ai¡.
Thcrclativclycoldcrùcsh¡irwillthenenrrürcgr¡agcufloorlcvclandthepollutcd rr,: ,

Eb will risc towsrds the cciling. The air nca¡cst ürc cciling is also thc most pollutd; t' "nur;u
bch bccausc cxhaus pþs a¡c dircctcd upumds and sincc thc wa¡mth of thc exhaustlr'i r. , ; l
ñ¡mcs fæcs ùcm to risc.

Thc draughtcxpcrimcnts show ùrata rapid airf,ow can lcad ¡o a vcry slro,n airing
timc u¡d low na¡rimum conccntrations. Thc cxpcrimcnts dcmnsnraþ that a draugbt
wiU lcad to a slnnening of thc airing tirç.

Thc airing timc inseascs and ùe wntilation is iryaircd if air is blown in with a fan,
Lc. if thcairis løzircnrnûrc garagc.

1

Ì:t & ,,L

J, jç:
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Thc following facton impairthe vç¡riìnde¡¡ a) thc sane El¡pcraû¡rc in thc garagc as
outdfins, b) fans blowing in frcsh ai¡, mixing thc air insidc ùrc pæmisas.

somc faston, such as a floorlcvcl vcn¡ila¡q slot, sesm to have only a marginal cffcct ,.
on ventil,arion. Vcndlæion efñcicnryprobably inacascs wirh i¡creascd wind spoed
outdoors. .; , !i
It shoutd bc spccially noæd that thcsc cxpcriocns wcr¡ conducædduring wintcr. In
ú¡c snn'r'r€r, it could bc diñcult to kccp thc indoor tcopcrannc bigher than thc
outdoor æqcrarure, which is necdcd to improvc the vcntilation Howevcr, thc doors
could thcn bc lcft opcn for a longerpcriod, as rhere is less nccd D kcsp thc garagcs
hcatÊ¿

5. Serics tr

To conf¡m airing tines and csublish üre cffccts of opcn b¡rchcs and vcntila¡m slo¡s,
¡ddi¡isnal measurcmcnts wcrc car¡icd out in other premiæs.

5.1 The premiscs and other experimmtal conditions

The cxpcrimcns wcrt conductcd in a row of garagcs. Thøe vcre 4 largc garagcg A,
B, C urdD (of appror Ax25 EeEß) groupcdin pain with washingroæs and
uaining facilities in thc rniddle. Thc average hcight of the garage ccilings was
approximarcly six mctcrs (scc ñg. 2). Thc garages wcre equippcd wiü difrcænt typcs
of r¡cntila¡ion and hcadng systcms.

Figuc 2 Gazges in scrics tr.

2 docs pcr garagc

/)

I

1',

'..

ir t

\/
8 harchcs in borh A and B cxra air extnction facilirics

/

Jr
¡-!

Lii itl. ¡l\í

A B

3 :a ,;t¡

D
o

t
(,

L'
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Garage A.

-No active ventilation (no fans), a small vcntilator slot which could bc opcned above

the doon and 8 haches of 1,4 x 1,8 m (2.5 m2lt¡arcU) at the fa¡ end of thc garage,
located 1,5 mctcrs abovc the floor.
-Butane-ñ¡cd, IR-radiating hcating coils in thc ceiling (surfacc tropcra¡[r apprìorÇ

400c).ÁÌj,

Garage B. "i

-Pre-luated basic vcntilation (approx. 10 oC and 3000 m3lhor¡r, gving an air change
raæ of appr,ox. 0,8 /horu) and 8 harches sf sirnilqr sizc and in sinila¡ tocadons ¡o the
h¡æhcs in Garagc A.
-Hot warcr heating coils in thc cciling with a maximum sr¡¡fac.e rcmp€råüE of aprprox.

6(PC, varying with thc outdoøæryeraturc

Garage C.

-$irnil¡r pre-hcatcd basic vcntilæion o Garage B with c¡rtra ai¡ exuaction facilitics
(apprrox. 12500m3/hor¡¡) locarcd in thc cciling.
-Hot watcr hcating coils similar to B.

Garage D.

-$irnil¿¡'pr¡p-|¡ç¿¡sd basic vcntilation as in B wfuh era air extraction facilitics (apprcL
12500 m3rhor¡r), half of the extraction capacity bcing locarcd u thc cciling, thc otÌ¡cr
half consisting of threc dcviccs at floü-lwel at thc ftl cnd of thc garage.
-Hot warer hcating coils similar to B.

No diescl-powercd t¡nks qr¡¡p availablc at the tiæ of mcasurçænt, so rhe
cxpctiments wcr¡ cor¡ductcd using 15 othcrvchiclcs: 8 diescl-powcrcd uucks and 7
dicscl-powcred tractors.

Sme supplcocntary clçsrimcnts wtrc condrrtd using ópcrol-cngincd anlc.
Thcse wcrc r¡r'ersod out of and drivcn imo ûrc gnragcs acooding to nomal
prcccduæ, i.e. thcy wcre sta¡æd inside and ¡¿ls¡ 9¡¡ ir¡nçdiarely.

52 Experimental design

Thc doon weæ lcft opcn drring ürc airingproocss ¡nd then closcd- Thc airing timcs
for a couple of difrcrcnt basis vs¡dlndon sysæms urcre also sn¡dicd-
Thc aim of the æasr¡rements was o povide a¡swers o ùe following qucstio. ns.

E:cpcrimcnts with docs open during airing:

l. Does a cold garage ukelongctto air¡han a ueaËbièi' 
" )t"i N3 :

2. lVhat is the influcncc of a narmw vcntilatu slot locatcd above the doott?
3. What is the influencc of opcn ha¡ches locarcd ¡t tlre far cnd of thc garage?
4. Whu is the influencc of acmbination of 2 and 3 above?

'li
t

.:/ ,Í '

,,.-;- )

I

:l¡¡ A ::c<.1 ni
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-¡t :

Experimenn with docns closedduring airing:

5. What airing timc is providcd by the basic vcntilæion?
6. lvhat is the influence of a na¡¡ow vcntil¡¡or slot locatcd above the doors?
7. what is the airing tir¡c for a hearc.d garagc with opcn haæhes at rhc fa¡ cnd?
8. vfhat is thc airing time fm a cold garagc witlr opcn haæhês at thc fu cnd and a

na¡row vcntilator slo¡ above ¡l¡e cntra¡rce doøs?
9. cxracting half of the air at the

53 Meas¡rriug po¡nts 

oorlev:l't -*''*n with alt

To bc ablc to chart how thcse factcs influcnccd airing timc, cxhaust conccntration
rncasururents wc¡p taken at fivc mcasuring poins in cach garage.

.Pl was placcd l5 metcrs inside the doqs, 1,7 metcrs above the floor.
-E ** placcd 1,5 mcrcrs from the wall at ¡he fa¡ end of the garage,
1,7 meters abovc the floor.

-P3 was placcd in rt¡c middle of the garage, 5 metcrs abovc thc flou.

Tcmpørznne was rcco¡dcd at two poins.

-Tl was placcd in ¡þs rniddts of one side of the garagc, 0,5 merrs abovc thc floor.
-T2 was plactd ncxt to Hl.

t,ì

,¿

' '-' 1 rr i,:,-1-1 :- :

5.4 Results
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Figurc 3. Scrics II ogcriment 6
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Table 3. Ai¡ins tines for diffcrent conditions i sa¡ases A-D.

t;,'

Tid
tn¡nutes

5-'

3

3

2

5

4

2

3

2

2

I
2

4

2

A

A
A

A
B

c
B

A

A
B

B

c
D

I
2

3

4

5

6

7

8

9

l0
11

t2
13

Of¿n doms dming ai¡ng
none 9; 9; 8 ì'.

slot u ceiling 8; lQ 9,5

hatchcs 7;7
slot+hatches 6;7;9;7,5:'1,
basic vcntilation 7; 8; ?; 6; 7 .,

basicr¡entila¡ion óx);7x) ': 
'

haæhes 9,5;7,5;7
Cl¡t¿d do<rrs du¡ins ainne

slot u ceiling >30; >50

slot + harchcs 20;20
basic vcntiladon >40

haæhes 10,5; ll
suppl. l2;2ù,
vcntilation 22;>l8x)
srrypl. 33;27

ventilation

8,7 r0,5 .,;:

9,2xL,O

7,0 to,o

,. 7,3 tl,l ,

7,0fr,1.. -

6,5 t0,7
8,0 tl,3

>30

20

xo
10,810.4

ca20

ca 30

,.. i .. "-".." .ìi ì¡ .i),.-l/-iÌ i.':ì '.;lil | ¡:. i ,.

P r)rfli ,t1ì(9t .J.iri{flrÍ

1\ ';

ù-"{F.

r?Éi'i

¿I

x) oçcrircnts whcrc co, co2, No arid No2 wc¡c ¡ecordcd on the same mcasuing
occasion. As cxpccrcd, thc bèhaviôr¡r of all thcr¡¡¡ious gases was rarhcr sinilar (scc
ñg¡¡c 3). ì i, .ji

Table 3 shows thc rcsuls of cxpcrimcns condrræd wirh dærs opez:

l- A garage with pe-hcatcd basic vcntilation (B) b¡s an airing timc of 7 minu¡cs,
comparcd wirh 8,7 minucs for a non-hcatcd guagc (A), i.c. a rpductim of about 1,5
minucs (cxperimcns I and 5). : j ,

2. A nanow vc¡tila¡or slot abovc the cnuancc doors docs not ¡cduce thc iiring timc 
-

(cxpcrimcnts 1 snd2). , .,.:j. ;.:r.r.:..,"r,

3. Opcn ha¡ches at the fa¡ cnd of üre t;#;t
(orpcrincns 5 and 6cmparcd with ).

'rri

Jq,,

I

lì 3, t''1 ,

':i¿:" l. Ìr
lli.¡.t.: r*ú

r¡¡.;/j

4. combining a vcntil¡m slot in ùc *im,e j,ri ¡äËik å;, ni;rj";t¡; *,rr,1., : ,:, :"
tinc in conpa¡ison with just having opcn haæhcs (cxpcrimarts 3 ¡n4 f)¡¡r, . .., 1., ,,_,,.r.., .

Thc resulrs of cxpcrimcns co¡rducred witrr adsfå¡¿søil#.1#$ift*ir¡iti" l, :;i: :'.
5. Thc airing time of a guagc wirh basic wnrilation is >49 .¡no* (orpcriment l0).

6. Thc airing timc fm a cold garagc wiùrout basic vcntil¡¡ion but with I trarow
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vcntilator slot sbove the doors is >30 minurcs (cxpcrimcnt 8).

;- ti ,,

i:i t ', ,:iJ

a^ ,. irl '/
7. In a learcd gara5e whcre harches arc opcned at the fa¡ cnd, the airing time is akiut
ll minurcs (expcriment ll). I 

"

8. The airing timc fo,r a cotd gangewith vcntilatø slot urd opcn ha¡ches i, æ"* 
"

minurcs (cxpcrimcnt 9).

9. A garagc with supplementary vcntilation, whcrc ttrc cxracting deviccs arc placcd in
thc middle of the cciling, has an airing time of about 20 minuæs, cmparrd to 30
minuæs for a garage with similar vcntil¡tion but whcrc half of the cxtra ventilation ,j
capåcity consisE of ttuee cxraction dcvices at f,oú lcvel at the far cnd of thc garagc
(cxpcrincns 12 and 13).

55 Expcrirnents with petrol.ertg¡ncd vehides

The aim of this expcrimcnt was to arcasr¡rc the airing timc fcn the "no[r''al" exit and
cnrance of tanks, that is rmder non-sta¡rdardizcd conditions.

T¡ble 4. Airinp tim¿s obtaincd from wiù 6 ocuol-cricincd vchiclcs.

Expcri- Garage Vcr¡tila¡ion T,¡me Notes. ,t:
6'

MVTSD
(ninuæs)

n

ûcnt

74

l5
A
A

pssslvc

¡assive

5;5
8

5,0 * 0,0

7.5 r0.7
ùivingin

rçversins out.

2

2

Airingtimesaftcr¡evcrsingtn¡tar€simitartothoscfoundforScrics l.The ) '"f .;rlì i. '.- -
ooncentradons aftcr driving in arc approx. lß lowcr than those fo rcvcrsing oúb 'llrc r"ô ?
proccdu¡e is quicker urd thc,rc is less tine for largc quantitics of exhaust fi¡mcs to be
crnincd.

i:.rrl ,4 frIl; (TXt,

'1 , ti-l'"},.r1 io .J!-¿ ¡$

ì !l) ' ,::5'/ ili¡. -\ìJ :¡.-5lr .l!1

'¿rl ù

5.6 Disc¡¡ssion.

A stcady dþlacing airflow without whhling ahrccirculation soerns ûo bc úc most lÌ À 't":i ; 'rÌ :ìn

cffcctivewayofrlisposingofcxharstfr¡æs.Togdairbrise,adiffcrenccin .lh:'
lenpcranæ is nccdcü, ft,csh airca¡r ùrcn re,place contamin¡tcd air (which t¡avcls
upwards and ouQ. A tønpc,raure diffcrcncc of a couplc of dcgrecs sccms ro.bc j1 Liir , ,.r ' ìl

sr¡fficicnt for airing timcs to bc kcpt undcr l0 minuæs wiùr doæ opcn. Thcre was
$¡ch a diffcrcnce in temperanre bctnrccn indoor and outdoor ai¡ crrcn when the
garagcsrr,sr€nothcaæd.Thcfactthatcxhaustsbi3wa¡malsohclpstomakciÉrisqa rlri*þ! )

,¿:. !ß!: '.. ..,:. .i L :lu" ';l Yl) ¡gi,t¡ i)if l

otn ctrpcrincns show ù¡tit was morc rhan twicc as efiectivc to kccp thc doors opco
ùring airing than to install supplcænury active ve¡¡tila¡ion facilitics (with a caÈcity r.
of 12500 m3/hor¡r) in ttrc cciling. It is qucstionablc wl¡ethcr this lancr fm of : )il:' ;¡:

vcntiladon, ie. the use of fans !o extrisct oacasional cqrccntra¡ions of cxÌ¡ar¡st fr¡mc.sn
is jusriñablc in üre light of üre maju investmcnt and m¡inæffice coss ii would' : n ÚÐ :t'r

involve.

1.I17 \ ,1

,." jl3i?

¡ li¡. : :.'l i'i r3i ì

; 'r:tf ô lii; ;t)

; iìc,-.::¡3!

,-tgiÈ¡' v :.¿3rj

'.i:; f,tia\¿ r ,5¡¡;-1:r i ¡¡1. !.il i!( A

. tlf/sÍ{ r?t 't¡n¡, ?frÂ/:lfto' rif 3

: riìrr.:, ",rr{x:}}¿ ¿i.Ue:,- Jc.f

igi, 't ¡rlig . ìr.'-"r.'rr!:1,tj::4.¡,;'i I

'+¡'¡, ,ir .io'- i'ri tt¡ :g.lnn



No activities are usually taking place in the garagcs imurediaæly after vchicles'arc
rcverscd out. In the light of this, a reducrion in'the airing time ro,a¡ou¡drS minurcs
might be suggestcd (most of the fumes a¡e rcmved during the firsr fcw minutes).
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6. Conclusions

It is calcularcd that thc insallation cost fc IR gas oil hcating would havc a pay-off
rimC of a¡ound 4 ¡'cars.

Jl]

-*-'
\r, ^ 

,r: - 
'É.

f"s(: ' 11

il -: a

1i lr,

ì ;'-1:J r0. :t.'*

ì9, ,r'i

' ':il' :

::::::.ll::r:: :-:-::i:!':-:: : :, r,, j) r{ :,,{', : -. : -.....:: :: . 
.. 

..

opcnablc haæhes (8 harchcs, cach of 1l x 1,8 m), locarcd at chcst hcight at the faf i ';''¡rr !Ì;

cnd of the garagc, shøtcn the airing tir'ç ro some exænt (around I minurc) if the
Earzgedoorsa¡eopen. If thedocsa¡ccloscd,harchcsopcncdandthega¡age lrerteL, .¡
an airing tiæ of arcund I I minuæs is otnained, which cmpues with 20 minuæs if
rhc garagc is ttot læated.

It is important to Þ able to heat the garages quickly aftcr airing if pcople arc. going ¡o
beprcscntinthcm" .r., :;. .ïrri

?. Heating mb and comfort ¡rr::ì r '

,. . :I : .i

Hcating coss cofDpa¡€d
for the pcriod . It c,ncrges
tlnt coss and fq
cslvcntional forms of lrcadng. This laræly dcpcnds on thc fact thatopcr¿ting tir¡cs
a¡e consollcd manually, Lc. whcn nccdcd, not ¿t otl¡cr tines.

'rl - - -,"¡*

.r,'¡l ¡:¡r¡ L,r_

.,1.j . Il ,il, 't.ii r'J i.';'5

'i:ì r

.!

"l ¡

:.:.:.:,.:::;:.::: ::::::.:...:.--::..: .:.:::.:-:..,::::::::;.::;:::::
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A sunrey of perceptions of IR gas oil heating was unfor¡rnaælynot cmplctcd. .,.,

Howcvcr, ovcr the pcriod Novcmber - ì{arch, a scries of occasional intc,lliricws with-,
ofñccrs and national scrviccmcn suggcstcd the following: , - R

Lì 'i, 
- Jîii, \)i

The systøn is rcgardcd I SaplÐl,D¿gg¿ bccausc: .,/ci, rr-,+rì 'l,j ,;r - (i .

I i,l i":-.J' ^1'? ,lr,':
1) It providcs s¡ immediuc pcrccption tt¡at the clim¿æ is cornfonable.iq :r .v/ . r.l
2) It is casy þ use.

3) It is cffcctivc even aftcr the garage has bocn aired"

4) No disadvannges can be detccrcd.
-.1\.. lli" ' i-r

It should be pointcd out that the ou¡doø rcopcratr¡rc during tho trial pøriod was ')

abnømally high (it was a vcry mild wintcr). Thc hcaring-up timc using IR gas oil ''
hcatcrs for Spacc A was 25 minutcs; üris compares with about 60 minutes for QpacJ

-tl

i.iill:

)

) :- r'a; íì ,l ,.9 )tui

-:¿ ) .1, il --"?¡1'9i l

s:
(.9'ì :il', .t.': 'tl:ì'

-',t 'cB¡*
r '.") 1\\i , ',r
: L.f",;r,rr?., . ' ',,

i1
tf -?'11 U

JÀ

ttL \ ., '' \i . .t,:
f¿ l!;' ': I

^ .-¡,

it..t :G:.

B whcre watcr-bascd heating was uscd. The hcating cffcct of the gås oil mcthod is

100 kW, compared \r,i¡h 42 kV/ for tt¡c wa&r-b8scd method..

11l

,::

.qtrífj
'..it. Propæed measunes

,¡ -,T I

ì :.1 r,. :FnJ'.jô,,r, .ilí

'f,.8 ì.'ri'-'ïríiÉ.T.'t

| ,...).r. ._.,jt.i ' ;¡¡l ¡,J¡;¡,¡ , I

7t,; ¡:, ',.i".ti;L.- .tÃä j î1' .r' ¡ i.-'
' rsr(l -.¡ 

,17ii
.. .l ; lt C¡':; 'i ! {r 

-:l; 
; li:

, f¡\ ! ¿t :í[.]i I 'rit

To achievc npid ar¡d cffcctivc airing, the following mcasrrre is,proposcdl .r

lr ,i:

Provide ventilation by kccping the doors operù aftcr vchicles entcr and lcavc ther 
j'

pcmises. This will providc ur airing time of l0 minutcs ar most- "rì;

Howcvcr, this way of ventilating thc garages dcoands a hcadng systcû ürat pvidcs,
forrapid hcating afrcr airing has t¡kcn placc if pcrsonnel arc to bc in the premiscs

immcdiarcly aftcm¡ards. The rcsnd gas oil IR hcating sys¡cm is boh cfrcctivc and

chcap, 8nd highly suitable fø light buildings thu ue in oþ occæioral u*,.
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