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Introductloa,_ 

aDd air f'l0lJJ rate in ducts ere 'Y8'r7 cl1tt1cul. t to waeaaure 

accura t -l1' in ~ 1Ddus~ a1 tuation, but each .1.s required 

far 'the design lID! 1'lmct1~ of ~ beaUng and 'YentilaUon 

ar air ca!1d1:tiCDlCl iDatallatioD. !be use or the _ tracer gas has 

been the JIlOIIt popular _tbod or -.auriDg the D&tural 'Yentilatioa. 

into a spa~ e1Dce "Boecoe- in 1857, 11luatrated 1;be di!fuaiol1 

oE air from. closed zoom b;r liberating carbon dia:d.de and 

then aeawriJ:Ig "the rate at wh1ch1te COIlC8lltratiOll d.1minished. 

In recent 7eare uitroua oxide has been prefernd 'to carbon 

dioxide as .. tracer gas, especial17 with the development or 

smaller, .ore accurate infra red gas BDal;rseD to JDeaBUre 1;1.e 

concentratiCll level within a space. 

!'.be poesibill t;r or 1I8iDg the tracer gaB 

technique to .aaau:re air flow iD. ducts has been invert1gated. 

to compare the results with the conventioaal traversing 

technique. 'ftJ.is method or measuring air flow has been used for 

man;y years in othl?r fie111s such as measuring air flow in coal 

mines and liCluid now rate using tracer eubntances. 

Infiltration and Natural Ventilation. 

YnfU tration is the fortuitous leakage of air 



thzoough • buUdiDg d1l8 to iJlperfecUoae 111 'the stract1.1H _ 

priDcJ.pall7 due to ... 

• ) YiDd. presC1D~t ~etalar17 on 'tall bulldiDgs 

11) Sbcke f1'ect 

c) '!'he temperature dU.ferenHaJ. across the building 

d) Building construction, particularly 'lliDiow type and ex­

ternal doors 

e) '!be entry of the occupants of.tbe bIlUdiDg 

t) ExterDel. shape and. dimeDai.ODII of 'the building. 

ll&turnl venti..lation is the air tl OY 

result~ frOlll design prdTisiOll such as openable windows 

and ventilators 1Ihich can ~ be controlled by the 
~ 

occupanu. 

As both of these I!ir flows mainly depeI¥l on 

the exterior climate or the building, their air interchsIIgs 

can only be est:lma.ted asS1.lllliJJg a ranee ot IDEIteorlogic8l.. 

conditions. 1'beretore, measuring such quantities (-an only be 

correct for the outside conditions existing at the time 01' 

the test. .Although both intU tration and natural ventilation 

are very difficult to accurately estImate, they have to b& 

known, not only to calculate too heating or cooliIlg require-

menta, but also in the determination or the quality of the 

air within the building wen such factors &s relative humid-

ity, carbon dioxide level, and contamlnant concentration an 

ci~ficnnt criteria. 



1Iepead.iItc·.s "the ...-ki •. ~t,. 1;be 

~1lt:rat1on rate .q ... 1'fJl.iel.'QIl ......... ..,.te how or· 

.h-eIIh 'WJr,'althoaf;h .t.tber·iBm:ia:U.oll ...... ~ 

"ent1lation etm 'llrdride It ~teed %'ate f4 a1r interchaDg& 

VDlitTall caa:lit1oaa. In tb1II age f4 .fuel econaao-. infiltration . " 

should be red.uced w a wini ... W cut down OI11'uel coe1e 

espec1al17 clur1Qg ~ beatiDg eeaaon T' due to adverse 

.... ther coDU.tjoaa, ~Utration w1llpro~ be at its . ~. ,. . .' . - .:. _ .. 

higbee,t. The quantit;r or besha1r zequired depeuda 011 the 

1'ol101dzlg factors .... 

a) Provision or a coa.ti.mJ9us 8UJ'Pl7 or oxnen 1'or breathing. 

About 0.2 1/. 18 sut'ticlent w sustain 111'e •. 

b) RelllOVal or the products of' respiration aDd occupation. 

0al11.O l/s per persozi of tresh air is Tequired 'to 

prevent the carb::Jn dioxide produced. by respiration from 

1ncreasiDg the carb::Jn dioxide concentration in the space 

be10M the threshold limit value. 

Bowever the dilutioa. or odours b.Y outdoor air 

supply is much more signi1'icant arr3. depeBis on the occup­

ants and their occupations in the work space. 

c) Removal or ertif'icia1 contaminsnts produced within the 

ventilated space by process "orlt,such as 1IS.ter vapour 

created b.Y cooldng. 

d) Provision ot sutficient oxygen to support combustion, 

particularly in iBiustri81 altuatiotlF. 

Yill. 



!;'be.~ or.~ of~ah .air.~ to 

..et tile lwr.a"bal." llatal ~t8 depeaJI OIl the di.~ 
• -, • •• '0' ._ ~ _". .. 

. P.roIII table B 2.1 111- the ~.LT .E. Cuide (2);· the 

atatutol:7 mini ... vol_ of· air sPece Per p8rS0Il 111 lactories 

aDd orJ:ice. h IL'" eDl the correaponAing .. ini •• outdoor 

air ~ 18 ~ 72 .YII. per:pE!raOD. .u though hownr, ODe 

would not wish to d_:lgn to 1lae abaolute statutol:'7 .1n1_ 

- . 
requiJ:ewanta as there are ~ :~ogical eDl pb7siol.agl.hl 

aspectS which have Dot been :DImticmed.tthese 1nclwe pointe 

such aB !maim Ccatort Cich can be greatl.7 iIIpl:'o'1Ied upon by 

"air 1'reslmes£" which requ1res sOh greater ventilation than 

the aboYe 1Id.n.imum. However, if the rate of in!il tration can 

be reduced to a known minillum am the remaininc J:resh air 

requireaent introduced mechanicel.l.7, a IIIOre comtortable 

envirotllll9Jlt can be crea.ted. 

Natural ventilation can be used during the 
SWIIIIIer to ~u.ce the heat lowi o£ the building, if air 

coDiitioninc is not inEtalled. So,"a S\lIImIertime temperature" 

can be produced within the building,if the quantity of air 

fiow into the spat'e is knolIn,so BB to evaluate the internal. 

conditioru::. 

!'hie gives an iDiication of how important 

in1'iltl:ation and natural ventila.tion a.rEt in the designing 

or building services £or an enclosure"""although it· is 



....r.r:tif'fical:t; .to ....... "tbeee "'nti:t1.e·eccurate~;· 

beca1aM Gt the .lege ....... or'hriabl .... '1I08't .of 1IIIhich :are 
. 1mCoatrollah1.;-'_·~UiB'" ~'Mde~'tO'~~;: 
the£.~t1'1ea 'uahig 1be. traeer-ps 1:ecbnfp •. 'IJideecl; it . 

18 Ter'1'1H1'1'icu1.tto .. '1Ihat II1.temaU~e .etbod could rinl 

it £or ense o£ produciDe readf..IIgs in the £i814. 

S;rnopds o£ eection ~-catent. 

!be objecti'Y8 o£ 't148 piece o£ research 1I8.S to 
'. '~ . 

examine as IIIIlJQ' -t;ec!m1ques as possible o£ using the tracer 

gas method. 0riDg to :tJ1e limited time permitted, this resulted. 

m 1IOIIe areas not bebJg u 1'ull..7 1nYe8tigatec1 as one 'WOUld 

have liked. 

!'be project has been diVided -1nto ~e £ollowiJ:lg 

seetions.-

I. .l IilUI'IIDII.\r7 o£ the more co1Jlll1OD.l.y used. concentration measur-

ing 1eehniques ani o£ eome other methods that have been 

used or suggeded. 

2. As nitrous oxide was used in all the experimental worlt 

ita dU'fusion properties were considel'(~d. in £.0111& depth 

and ComparisOl1E made with oth<:'r I!Jis systems to see what 

innuence it might have on -the results. 

3. Several methods o£ llberating tracer gas into the room 

were examined and the resul. 'ts compared with the air now 

rate into the epa.ce, measured by the pitot-static tube. 

x • 



4. !be "n._of decll)" • ethocl o£ UbaraUDg tracer pE: 1nto 

& roe. .... ~ __ 1;0 measa:re the VentUatiOll 
" . . 

rate in & J11IIlbar of .roc.s u4 :the l:'88Ul t8 CClIIIp8red with 

-the aiaIple ifttlltraUoa eathation teclmique, aud em.p1rical 

values troa the I.1L.T.E. Cuide (.&4) 

5. In view o! the III8%I;Y aoarces t4 error in conventiODal method:: 

t4 air now ~8, the t:racer gas 1II8thod was u£ed 

to measure dU'.terent air now rata, in & piece o.t duct-

work eud the :results compared with'tiIe pitot-static tube 

6. .I. abort account o.t the conclusi.ocs reacbecl i'rom 'the 1Ihole 

project with a .antiOD. 01' further research required. 

7. A briei' description oi' the apparatus ~ed 1n the . exparim­

ental work aut in particular I!IQIIIe details 01' the .function-

xi. 



Yerioua i:racer gases JIaft beea.'IISecl :to -..ure 

YeJltUatioll """8 121 %'OClIIS aM. a ilrier .4.eeariptiOll ~r 'the 

dll'ferent £&"8 1I'ith tbeir auoc1&ted iub:wimt&UOll':le 

1ncluded in thie aect1oa. All -theexperhllmtal .1IOri:: ~or this 

piece of 1'8I!MI8rCh .as ~0ZE4 Wd.ag mtr0a8 ox1d.e as the 

tracer ps 1I'ith .. 1ntra-red ps aDIIl.7aer -.sariJJg'tbe 

conCEntration. 

!he earl.1er 1I01'k cODiQCted at B.R.S. :In 19Z1 (3) 
-,... . .- . 

descrJ.bes how the 'Yentilaticn rate or a room was determined 

~ l11119asuri.J:CitI.a 1Dcrease :in c~ resul tiDg .fl'ODl the burDiDg 

I.· 

o.f three staniard c8Diles, .for three hours. '!be carbon dioxide 

concentration was estimated by absorption :in barium ~roxide 

and titration o.f the excess with oxaJ.ic acii. 

steam or increased JIIOisture content o.f the air 

was later used as a ~ o.f 'Yentilationl8.te, but this 

was .found to be unsatisfactory due to absorption o£ water 

'Yapour by the wa.lls, :furniture etc. 

Besides the prelimina.:t7 experiments, most o£ 

the earlier work was perf'ormed by using either heliWll or 

hl'dro.~ El:: the tra,...r,and m"asurin!; the concentration with 

B. ks.tharo.'1IOter. This "l8 the basis o.r J.ll. Di.cke recearch work 

(4), which ... .ls presented in a pa.pee of 1350. In this he describes 



a 1IIe'tbo4 or lDeaSUl"ine Tent1latiOll1 rate in a house with a 

SiDce those earller do.ys, -.n,y IDetbods baTe ~ .. 

used for 1II88.SUriJtg tho ventilaticm. rates in ro«*! froa 

chemical enaJ.ysic and :In!'ra-rod absorption to radio-active 

tracers, besides I\IIl.r~· 1IIO!'G. In all the techniques accttraCJ" 

aDd comenieuce of use or 'the .a.sa:riDg iDatrullleJtt;s are 

1IIIportant aDd automatic analysis gbiDg iDDedia1;e eet:blationa 

&'1'8 an advantage with abort experimental 'Hues. 11:le most 

coupon 1III!tlsurement deYiceB 8l.'8 described below. 

Concentration measuri.ng '.l'echnigues • 
.!:l 
a)!atha:rometer. 

'!'he ka'tharome'ter 1IISasures chaD8es in the thermal. 

cOMuctivi ty or the air-tracer gas mixture. 'I'he instrument 

is es~entia1ly a 1Iheatstone bridge circuit whose arms are 

platinum filaments as eho1m in Fi& I. I 

A 
R, 

8 

Fie; 1.1 The Katharometer 

2. 



J. and B are ...... _ cella, Ga8 l:i1led with .. :relereDC8g&8 
. _. ~ .. '. . 

aud 'the other one opea. to the s8mpl.e bei~ ~aminecl. "&th cep.e 
,. ". ..: ' _ .. ",.. '. . " -: ... ~'." " 

are in .. 8QU4 copper 'block to 8IIiI!JQr8 .. coaatant ~ 

.1 cur.r:ent ~ the bridge ra1aee the l:1l.amant -te.ratur& 

1Q' .. bout~, the exact temperature and therefore the 

resistance depeDliDg on the heat l.()t..s raw in tm. cell. 

J.1r through cell B £ram b room vnbalancee 'the bridge 

wbi.ch %88Ulte in .. 4efiectiCID ~ 1;ha gal'YOIIQIII8U1r aDd tide 

can be calibrated to be .. _a.sure ol: \be tracer gas coacent-

ratiOl'l. 

linear over a wide ~ ol: ConcentratioDS, depeudiDg on the 

tracer gas used. ~ b a popular tracer gas 1d.th tide 

instrument as its thermal comuctiVity is seven 1;1mes that o£ 

a1r. Other gases eui1;able £or use as -tracers include helium 

end carbon dioxide which, al. though the,. produce less at an 

e1'i'ect 1d.th the katharomoter than ~n tor a gi'Y8n 

pe:rcentaBe or gas in air, have the advantace of sa1.'ety in 

occupied spaces. 

As all changes of air comp-~dtion will affect 

the thermal conductivity of the mixture, gases and vapours 

Yhich &l e present t but whose concentration may TSr7, such 

as carbon dioxide aDd .... ter vapour must be removed from the 

samples. fbj.s is achieved nOl"lll8l.l.7 by dra1li.Dg the gas into 

the instrument tllroua;h one or IrOre absorption chambers. 



&mtral d1eadventagooo with "148 ~ -are. 
; ~ .~ .'" .\: .... : T". :.. !--- ... -,.~ .• .:= .• ~ •• ;,,,," .;.... ~:. .... "., ~. . . e'.: -; -. ::.,. ....... :-. 

'the hish ~Uat1Oas of ·~·Ps ___ -tar CleteCucm, 

- ~~~1d.~ ~:~'irdt'1&1.~n:..tioa: of':O.~ :'~ .o.~ is 
' ... :~ .• ~-I"'t.:.~, ... ;,.. ... ::~ :'5'~' 't.~) ... , .. .:::.....~il~pl ","": .. ~ .. ,:' ~.-:.~ ... ';~~'..~.:. :".:", \..,,:~ :;.. -~:. .. ~~.'... . 
requ:lred, 4rift ottbe· ArO:;ndch bas to be 'checked ~r 

, , / "~. .. ,~.~.. - . " \ 

aDd tb8 'iDs~t ia'·8.tI.c'W b;r tGmPeratUr8Cliauge8'-~tbough 
. ~ .-

this can be ain1mized. 

'b)CheIllica1 &na1 :rais. 

Yar:tcua orgaDiCVepoura have been used as 

tracere. a1xed m th zoaa air aDd tile concen~t1011. mee.sured 

either calon...tricall7 ar 'b7 HI oba:Dges. Visual. colO\lnl ud 

-.tChiDg ~ them is perhaps rather incOll't'enient. 'but photo­

electric _tbod.a are IIIC)1'8 eenaitive aDd reprodueill1e. 

-LidweUs- apparatus tar _u:uriDg +er iDdices usil:Ig 

acetone (C~O) ud pH cbaDges, was quite simple 'but the 

reliahillt;r or the estimates was poor. 

It}ioronha'e" paper (5) on a proposed method of 

measur1ag the rate of air change in factories usiDg 8IIIlIonia 

:I.n small quantities atl a 'hacer also measu:red its rate or 

decay by a calorillstric method. Concentrated ammonia solution 

was spr819d into taperimental roOlllS and contaminated air was 

sampled through dilute sulphuric acid with a small quantity 

of )teadere Reagent. 1'his gave a 78110W appearance, depending 

on the quanti 1:7 6t "-.,,onia absorbed. 

B7 comparing the samples 1d th a standard concen­

tration the q~tity of ammonia could be found.'BOth acetone 



aD1 ...,." a ... 'UIIJIl.MaIl1; 8Dl 111 IU1 occa:p18Cl 1!'OCIR ~ _ 

l.atter h tox1cW1th .'..,..,_ tcip 11Id.t ~ 10-". 

detectable h ~ IO-4".b,7.-.ol_.!h1a rewUe 

in ~ a aaa1l ...md.Dg-Z'8D(;;8. 

In IU1 em:U.er research paper boT -Lidwe1l. aDd 

LoYel.oclt" (6) aDOtoher aethocl is described in 1Ih:1ch tile __ 

priDcipl.e le eppUec1. • .A higbl.7 volatile chemical tertiar;y 
~ , ". 

1Iut71 b;ypochlorite is eYapOrated into the air or the room. 

!'bis is allowed 1;0 c1ispert3e. .l dr:J.P or ancrther aolutiOl1 0-

tolidiDe _ beaso1c acid in petroleua ether and chlorof01'll 

is placed ell a tilter paper. !be 0- tol1dine reacts 1d th -

1Iut71 ~orite iD. tile air 1;0 give a hlue colour on the 

paper, aDi the rate or davelo~t of this colour is 

proporlicaal to 'the CClIlC9Iltration or but,rl b;ypochlori te in 

tile air. From this the air change rate can be deduced. 

c)Imra-recl Absorption. 

Ui:luBwement of the absorption or infra-m 
radi.ation enables the quantity of JIlMY gases in e. compi!ax 

gas JCixture to be measured. Carbon monoxide, carbon dioxide, 

sulphur dioxide _ ..thane aDi other ~ and vapours 

of wa.ter; acetous, etbJrl, alcohol, benzene 8l'Ii others may be 

measured in this 'fTJY. Oxygen, ¥ragen, n1tr0g9n, chloriDe. 

argon anI helium do not absorb infra-rrd radiation end are 



tberetore Jguored:1o' -the 1IusLrwa:d. "lbe .J.af:ra.ftCl ~ ... 

callb1-ate4 tor altJ.oaua oxi4e aDl1ased I1a tbia. piece or 
_e.reh wmok :l.a d~'-l h __ detail in secti.all '1 • 

. llthoash _ gases -ean 'be ,..a. with the infra­

red . gas enal.1ser, in rccaat ,ears..t or ~e research to 

_asure 'ftn1;1la.ti.':Xl rate in roOlllG bas been performed ushlg 

Id:troaa ox1de as iha Uacer gas. Cbe or U. mill advantages 

ls 1ibe -.u. ooacentrv;ti(lll 1I1d.ch 1;be '!et;ectar can respcmd to 

(oae pert or alt:roos oxide in a. J.unon -parts or Tol~ 1Qr 

air) '!'his 1II8tbod h&e been uae4 tor ~ the rate or 

vent11etion or la:rgerooms 8Dl other places 1ihere the 

katharcmeter cOllld .,t be 1lse4 oIIiDg to the large 8JIIO\1l1ts or 

cl)Radio-e.ctiTe tracers 

!'he increased aveileJdl1ty or radio-active gaseo 

in recent ;years has provided sevenll. new easily detected 

tracers suitable for 1IIiXi.nc with air. or the ndio-active 

gaEes available, kr:7pton ( 85h) if; the most p~pular since 

adequate £ensitivity CM be obtained rlthout exceedin{;; the 

~ penduible radiation do&&. 

6. 

Moasurements of 8llY of the three ejected products 

of radio-active dec~, normdly cc" fJ and l particles 

~ be lllade wi th ~ counters or scintUlation detectors. 



~ CGl"1"8c'ticaa bl¥e to be 1I8ile .. ~ tle reo.d1ng& 

iWb1ch1n picul1ar __ ... ..,. ~ cz8dio-e.c1;be tracea, "auch as, 

.... ·lletect:o.r wUl· izoeapoa!1;o ~ 'S'8IHatiOl1 -wa.a. 110 n4i.o­

..et!Te I!P h \u'e~. 4J.'be radio-ectin cleeq of the 'tracer 

will C8llEe an error in the ~ nm1:Uation rate which 

can be corrected £or aDi 1dll bas'ten the r.:duction of the 

ecUnv to the threshold for 'the 1Dst:ru.ent. Argon -41 i.s . 

rather poor in 1:Jlia reepect 1IS i.-t 1Ia£ .. 1aell'-1.Ue '0£ oril7 
.' 

no -ainD.te .. Ir7,ptoD -65 J.a wa::h JIIOr8 a'table, baYiD6 a half 

'1U'e of 9.4 ~re. WWYeaemd Webb" (1) 1Iho heP"e recentl7 

1GXaIined (mr) the UIle of radio-ectin 'tre.cers in-measure­

ments of ventllatiOl1 he:ve 1!IhOIII1 t:be.t the a.ccur:lC7 can be 

bettar "than ~ 

e) Other J.ieNNrement J&etbods 

have been used or suggested, bIlt JIIO~t of them have serious 

disadvante.ce&. "llurton atil MBrle;r (I934)" (8) inVeEtigated 

the practicability of JlP!ar,uring the rate of disappearance 

of water vapour w:iine; a hyerometer ,which had been libe:ra:ted 

into the rOOlll. It was found. tbat in a ordinary room JD9.l1Y 

hours elnp~ed 'before the tmlls ani £urniture ceme into 

equilibrium with a changed humidity. In addition to 

hygrometers end. 'WElt and dry bulb thermometers, several other 

techniques have been used. to determine water vapour content. 



!'hese J.Dclude wet au:l d.r;y 'bulb zea:l.steace tbersaaetera. _t 
.. 

I., 
'.gomperisOn of different methods 

Pr. 1IJIitch1n aB! tilaon'.- (9) cOIIIIpr8bensi". 

reriew or the different t,pes of 't:recIr gu _thods,iD. 

which u.e,- coa.elude that heliuaa,With a katharometer as the 

_~ deri.ce, is tbemost favourable gas. In the absence 

of a hiSh te.peratu:re, nitrous oxi.de, .-asu:red by iDfra.-red 

anal;ysis offers a wider range of usable COI1C:entratiOn, ba.t 

h1drogen, meSSlll'ed with a katbarcmeter has much the lowest 

cod am a range or concentration s1mUar to that or helium. 

lladio-active gases were Jonsidertd as unsuitable , 
01dng to the IIIBXi.mwIl concentration of gas allo-ced in a room 

which 1I'OUld render most measul'ements unreliable. 

8. 



DiffUsion is ~e ProceEs . by which matter is 
- -

transporled f'rom one part o£ a s;rstem to another as a. reEUl. t 

of nmam decu1a:rIlOU~. As EUCh it should not be coc.f'u.-

sed with CattVectiCXl, 8.E i;ba ;farmer can stil1 occur in & 

been considexed in some detail due to 'Ile 1.011' difIuaian co-

e;f;ficien1;, compared with a system psuch as helium into the air. 

'!'he signific8llCe of this properl;y end that J:Ii trous oxide is 

deuser than air, 1I8.S considered· ordine.l U,. to bE! the greate­

st contrlbuting;factor to the high percentage errors which 

occu:red at the 1011' air change rates. UEumilIg that, the rate 

o£ diffusian or the gas into air J1.l1q hs:ve a consid-:Table 

influence OD. the reeul ts. 

!he trcns!er o£ heat by conduction Is also due 

to the rtmdOll1 molecular JIIOtions~ !l'his was first recogtdzed 

by "Fick" -'±o put diffusion on a quantitive basis by adopt­

inG the m.thematical equations of heat conduction deri-ved 

some ,years earlier by "Fourler" 

l.'uch or the theo:r;y of c!f;fusion is therefore 

based on thn.t of heat conduction SDi many or the solutions 

to the heat-now eq~tions can be applied to the dif.f.'usion 

problems. 



"11clcs" firat law or ti.t.twliaa u buecl CID. 1;he 

lI;vpothes1a 'that . the ··mte ~ :t:nmsrer or ~- SU'bst8Dce 

,th1vagh 'UZd.t .rea of' • eecti.on, ia proporUoaal to the'''· . 

CODCGJ1tration gredj.ent Jile8.SQred DOrma1 to tie section.· 

:r = -]) i.£. 
ax 

JIhere :r - ra:t:e or transfer per lmit area or section 

C - the conceZItration of the d1ffusiIIg substauca '. -- . ., 

(2.X) 

x - space co-ordinate measured norn:al to 'the section 

]) - d:l1'£wiion coe1'ficient (m2 a-X) _ 

!'he negative sign arises as diffusi:m occurs 

in the direction opposite to that or increasing concentration. 

!his above expression is generally true only for 

en isotropic medium, whoEe structure aJ3d difi'usion properties 

in the 'ViciniV of any point are the same, relative to ell 

directi::IUS. Due to this s;ymmetr:1 t the flow or cU..rf'usiDg 

substance at 8IQ" point alcmg the normal to the surface or 

concentration through the point. 

"Holts" aecond law of diffusion 1& an isotropiC 

medium derived from the above equation. 

(!onsirlf>r en element '!:I£ volume in the form of a 

reota:!gular parallelpiped .hoEa sides are parallel to thE: 

a;xt's of co-ordinates end are ofleneths 2dx, 2dy and. 2iz. 

m. 



Let -t;be '*Itre -.~ ·'theYo1.\1IIIe -b8 a1; P (x, 7, c) where CGIIICeD­

t:rati.Cll1-~:~ whs'taDce J.s C. 

LetJllC]) aXId A 'B'C'.D' be the fat:es perpezdi.CUl.ar 

1;0 the axia of % as shoTmin Fig 2.1. !hen the rate at which­

the cli.f't'usillg substance enters the element thrOtl6h the £8l:e 

A13Cl> u the plane It-dx is a-

4 d7 c1z (h --a Fx dlt) 
8x 

there F.x - rate -of trans1"er through unit area of 1; 1'8 corres-

por¥U.ng plane 'throagh P. 

Similarly the.rate or lOSE or the diffusing substance throue;h 

the face A'B'C'D' 1s 1-

4 dy dz (FA:... ~ dlt) 
oX 

c 

D ~+---_D-(" 
P • 

4dydz(Fx:~ dx) 
oX 

2dy 
B 

A 2dx 

Fir: 2. I El.e~nt of volume 

c· 



!'he rate oE~EC of tile -dU.fwd.%Ig subdance j,n the 

8lemen.t i'~ca these 'he :laces is --equal to .:.. 

4 q ds (Fs - ~ dx) - -4d1' ds (Fz ~Fx dx) 
~:x 3x 

= -8 dy dz d:xjFx 
i)x 

f:imilar:Q' .f'.rom the other faces the rate or increase of dll'!uaiDg 

subEtance in the element is 1-

-8 dx d7 dz U2: a:nd -8 dx d7 dz ~ 
ay az 

But 'the rate at Wlich'l1e amount of d1f'f'usiDg subsatnce :In 

the element inerease~ is aleo given by 1-

B d:x dy dzaC 
at 

~refore 1-

From equation(2.I) 

Therefore r- aC = l (Dx e.£) + L (ny ae)... a (Dz W 
at ax t3x ay 'aY Clz az 

If the dll'£uSion coefficients are constant, D = Dx = Dy = Dz 

Equa.tion 2.2 S.pplii;·: for di.!iU!lion in three dimensions that if 

there is a eradi~nt of concentr:·tian along each axis in an 



2., Cplcul.at1pg dUi"tlsicm Coefficient •. 

D:I2 is .. 'b1na17 d1f'.tusica. coer.ticimrt or two 

gases f'rom "Fic1&;" badc equations .tor di.tf'usion. It can 'be 

£ou.nd experimen~ &:ad :from exact theory to depeDi O%lly 

weakl;' on the coacentratbn %'atio or the gases. '!'.be exact 

theal'7 b7 "Cha,pman 8%Id Enskog" is complicated, but -the simpler 

"MaDell" equation giTef' values 1Ih1.ch compare well with 

e:xper1mental data. ~s" equation .tor calculating the 

d1f'insion coe£.ticient is 1-

'Where C = mean molecular velocity or each gas 

~:.. (; li !r / m )1/2 ~ 
1 • .086 . 

R = Universal Gas Constant - 15;14.' J/k mol X 

i' = Absolute i'emperature (~) 

m = l~olecular t'eight 

v =- total number of molecules per unit volume 

( =- 9.8;64 x I022 !l' / K molAlcule13 per m; at one 

atmosphere at te=pera ture '1' ) 

512 - the mean molecular collision diameter 

( = I/2d"I ... 1/2cf"2) where er are the collision dia-

,.,eter-s:calculated for the viscosi tieE of 



· . 
coe££1.cients are c:-.l.culated ~1lu "l!anells" Equation (2. '5) 

J.!:i.:rture Dr2 at 25°C (m2s-I ) 

Bel.ium - Air 5.55 x IO-~ . 

lI1 trous OXJile ;;;. Air X.~ x 10-5 -. 

Water Vapour - Air 1.54 x IO-5 

2.4 In..«rtants:neous Point &ntrce. 

~ diffusil:lg substance (ni:trous oxide) deposited 

1Iithin a certain restricted region such as a ba.l.loon at time 

(t ::: 0) .and ~ert to dii'.tuse ~ the surroUIding air. 

As thebal.l.oon source is or ne~igible volume compared 1dth 

that of the room, it -aa.s thought appropriate to consider 

the balloon as a point source in an in!in1.te volume, for 

siI:lpl.iclty. 

The solution tor an instantsneo~ point source iD an infinite 

volume is obtained by recognizing tl~t .-

iE a £olution or eqU2.tior.. 2.2 

where A is an ubi trar.r con:;:tant. 

'q. 



" GAS ltOL'ECtJLAR I/2o-"(ma) 0' (ms-I) 
"1IEIGIi'l' 25°c 

Air 26.96 0.187 ~7 

ntrogen 28.02 0.189 474 

Helium "4.00 0.109 126I 

Nitrous Oxide 44.02 0.233 318 

~ter Vapour 18.02 0.233 590 

Table 2.I 

l!ean colecular collision diameter - ~"I2 

Gas ltixture fI2 Cnm) 

Hel.1um - Air 0.2,)6 

Nitrous Oxide - Air 0.420 

Ivra:ter Vapour - Air 0.420 

Table 2.2 



By differentiAting equation .(2.4) nth respect to time and 

let']5 _--Cx2 + ·72 + :&2) , 

le 
h 

4Dt 

D1!.f'erentiatiIlg equation (2.4) withrespec1: to x 

, Si!!dlar17 .f'ar 11 
~ 

mJi )1 subetitutil:lg appropriate 
4b; 

variables of' y em z. 

:By substituting equation (2.5) into (2.6) with appropriate 

variables or x,,",z. It can be shoml that 1-

equation (2.2) 

16. 

(2.6) 

Then the arbi t:·ary consta.nt A (rei. equ.a.tion 2.4) is expressed 

1!l te:rm:; of lit the total amount of substance diffusing , by 

performin,:; the intet;re.tion, 

:: 
(+00 (+ .... S+eD 
J_ 00 .L 00 -00 

c a.x ay 4lz "" 81tDA 



the concentration C be~ expz:esSed as 1;be amolmt of din­

uidDg i:ubstauce per 'lUdt a.rea. or aurf'ace • 

. 1fb8 coriCeIltrat1cm at a cU.s'teDcer 1'rom a po1ll't aow:ce 1D. .a'l 

brin1tf;'~olume 1si~ 

C = tj exp ( _ 1'2 / 4Dt ) 
8 (if Dt)3/2 

Equation (2.1)JI qnmetrical m. th respect to r - 0, terns to 

zero as r aPProaches inrinity positivel)" or negativel)" for 

t> 0, aDd for t = 0 it vam:shes everywhe:te except at r • 0, 

where it becomes iDfinite. 

B7 substitutiJ:lc appropriate values of r,D,t into equation 

l2. 7 J the !'ol1c:.r;ri:,\~ cOIlC:entration diEtribution curves have 

been plotted with bo dii'i"usion systems. 

2.5 ConclUEion. 

!he curveE for en instantaneous point ~ou:rce as 

illudrated in :Fig 2.2 and 2.3 for two tdxtures of dii'.f'erent 

d1.f'.f'usion coe.f'ficient shol"l har. quicr.ly helium di!'.!uses into 

the air, compered w;ith the t::Uch dor.er nitrous oxide. For 

the purpose o.f' the ventila.tion rate experiments, the diff­

usion rate 0' nitrous oxid e iE' FO sma.ll the. tit can be neg­

lected. The air convection ct:rrente within the room would 

have a I!!Ilcl1 more predomi.na::tt role in mlXine the £;PE, thJln 

the dif1'usion rate, and tee latter 'Y.'Ould contribute only 

very slightly in the tire of a tes:t. Oring to the very 101r 

rate of diffud::n of nitrous oxide into air, to achieve a 



1m1form ~oncentra.Hon !'ram a po1:nt source, mecl..mdC8l 

.1Id.xi.Dg 18 required. 1fi them good .JIIix:1Dg 1I'1:tlDn the ~ 

amallpockets of tracer gas lrill exist which 1IIQ' giw 

en-oneous results. 

ye. 
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, ~l1ork 

~ 
Introduction 

ventilation l'ate 'IZSing an i:lfra-red g:J.E analyser t calibra­

ted for the detection of mtrous oxide. "R1tchin and 

llilaan.- (9) 1n the1rzeriewr t4 ~ teclmiques tor 

tile investigation t4 iiata:ral Yent1.lation 1n fiuildixlgs mention 

fctrrr methocls 1J.SiDg tile tracer gas techniques namal.1'.-

J.. Rate of d~ 

B. Equilibr.f.UIIl ccmcentration 

c. !!.'rans!er Llde:z: 

D. Steedy concentration 

A. llate of decay method - A quantity of tracer gas is released 

either at a number of points or at o:Je point in a rOOlll 
" 

near to a low speed. .fan to distribute the gas unifonnl,. 

throughout the room. Aswming perfect lIlixi.:tlG the concentra.­

ti.on decay is exponentiat and by sazz:pling the air at 

several points the e.ppe:rent ventilation rate may be 

determinGd. 

B. Equilibrium concentration method.- Tracer ~s is continu­

ously liberated into the roo::n at e. uni£orm rate and 

8.S.=U!rlxIg perfect ~, the gas concentra.tion within 

the room rill e.pproe.ch an equilibrium value 11' conditions 

a..-e steady. Knowing the tracer gas Uberation l:'8.te, the 

21. 



ftD.'W.aHoa. :ft.taoaa 'lIe :Calctlie:ted .. 

C. !'be .t,....,.fer i.D1ex:*ecbnique.- !'his .-tho4 ~01" ~ 

'YerrtilatiClJl %.ate.%'88l11ted from the :research b7 "0'" 

Lidwell- 1n "t960 (10) 1'ram studi.es or 1n1'ectian in ope1'I-
- . '-" ',. 

ating theatre::.;. ~ p...-oeeduxo is to rele:$e a known 

'Yolume or a gas at one point and to sample the coneen-

, 1;ration at aeveral other points._!he 'transfer 1Dlex fOUDi 

. is .. 1'Imction 01" the poeitiaa. T4 both poin'ts bat 4088 'DOt 

depend OIl perf"ect l!lixi.:Dg. 

D •. ateady CoDcentre.ticI1 method - !'his is aimUer to·u . 

equilibr.lum.conoentre.tion arthod. as tracer saa is 1n;7ected 

at one point and .the concentre.tion ls mee.surecl, but 'the gas 

llberation is controlled. autOlll8.tic~ 80 e.s 'to give a 

ates.dy lalo-m concentre.tion at the sampling point. lCno~ 

the concentre.tion at the detection point and 'the~ rate 

01' tracer gas liberation, when 'the concentratiOl1is static, 

the transfer index can be calcu1ated. As::uming perfect 

mixing the ventilation rate is the reciprocal or the 

'transfer rate. 

zor all of the above meilho:is t the concentration at the 

sampling point necC£:, to be kno1::l in absolute terms ie. the 

ps analyser needs to be calibrated. ~e experimental work 

proceeding has been mostly based' on the' fad that as long 

as the analyser gives a linear readi:cg the absolute value 

is of little importance. 



VaiDp: .. chart -recorder ;tram 'tb.e electrical output on 'the 

au «Dal.7Ber... CCII't1.1:Iuou. 1'8Cord j,s plotted b"CIIIl which 1:b.e 

TeI1ti.lation :rate oau be found. 

!be 1;-.0 methods which 1Jave ber:n used in this piece o£ 1rOrlt 

to determiJle 'Ventilation.rate are the 

a) Bate o£ decay due to the pulse inpat o£ gas 

b) EquU1br:tUlll concent:ra~ method due 'to a step inpat of 

tracer gaS. 

!'hese 'ho 1:e.a1c teclm1ques were used. -to measure 'the ventU-

_ ation rate 'Within an experimental room, havil!g a lalown supply 

o£ air which 1I8S mea-.-ured \lSi:ag the pitot tube transverse 

method. The air ch~nse rates t:leasured by the pitot-Etatic 

tube and tracer ,zas metl"..ods .. -ere compare:l with various air 

now rates into t:.e room. 

a) Rate or decay due to e. pulEe inm:tt of gas. 

!L'he dece.y equation is derived in terms or the rate at which 

tracer ea:: liberatee., dccay£ in a ventilated room under the 

~uence or a dUutiDg supply of fresh air,either by infil­

tration or by the meclu!.nicsl. ventilation systel:l. 

Consider a room as sham in Fig 3.1 h&.vl.ng a volume of V~ 

in which t~a concentration or tracer eas 10 c ppro.(parts of 

trs.c~r gas per million parts of au-) 



lJarillg .. "'err short period it, .e. small quantit7 of ..fresh air 

k t en1;en the :roam am s1mul taDeousl.y .. smal.l quantiv '&cl 

of eontam:il:lated air, is "forced out of the room. !'herefore the 

coucentration a£ tracer gas within be room i.s reduced b;r en 

.amount fie, which is defi:aed as .-

ac --Is. e 
V 

SUppl7 of fresh air ----,.,..5q 
f':ree of contaminant 

Room of volume V m3 in which 

the concentration of tracer 

Extraction of con-

'I't ~ £,q taminated air con­

ta:i. ni r.;; t:':c c r;r G,li-F 

!!!he rete of chs.:l;,,'"'C of concen.tration in tr.e roo:!! is de£ined 

as ..&&... = - .s..h 
r1. t Y clt 



-~ 
V 

log e C = -..s:t + log e A 
V 

where log e A is e. cOlWtant or integration, 

Theref'ore log e C - log eA:: -Qt 
-V 

log e~ = - Q t 
A V 

c = exp - (Q t j'v ) 
A 

Therei'ore c = A exp - ( Q t / V ) 

Constant A is equr.l to the ini tiel concentration Co in the 

room at t.., 0 (the instant that the ventilation bee;ins) 

25· 

Thenfore C = Co e:r.p - ( Q t I V ) (3.I) 



1dlere c - concentration or tracer gas inthe air or the 

room at any,1nE;tant,expre£sed as parts per JIIillion 

ot air ( ppm ) 

, Co ' - initial concentration or tracer gas in the air 

of the room, expressed as parts per million or 
air ( ppm ) 

Q • f':resh air supply rate ( m'5 / El ) 

t - time 'Y8rlable ( B ) 

V • vo11ll!le or the room ( m' ) 

Equation (;. I) can be simplii'ied by considering the time con­

stant ( !r ) tar one air change within the room. 

'1' _ V ~~ 

Q rm'Ts5 
'f/here '1' = time constant tor one complete air change m. th­

in the room !!.ssu::i.ng perfect mUirlE; (s) 

From equation (;. I) 

c = Co exp ( - t / '1' ) 

The number of complete air change~ ~ithin the r~ in one 

hour iSI-

Ac/h = ;600 
'1' 

(rh :: 3600 E ) 

26. 



!re) v~ tl-e -method of calculatillg the air ... 

. ~b8.zIge rate per hour, consider a pulee 1Dput et tracer ,gas 

into a vezrtilated room. 

Let the ventilated room have 2 complete air . 

cbeD{tes an hour am. &E.UIUe perfect mixinc or a puhe input 

of tracer gat;. 

!rbere!ore the time constant for one complete 

air cbal:lc'e is from equation (3.') 

". = .2§QQ ... lSOOs 
2 

Subst1.tutiDg this value of !r into eqw-.tion (3.2) 

c = co exp (-t/reoo) 

Let the value of co, initial concentration, equal an 

arbitrary value of unity. l3y substitutin,s suitable values 

of time (t secs) in equation (3.4) the decay curve 

(concenration versus time) 7.Il!:y be pbtted. Fig 3.2 shOT1S 

the decay part of tJ::.e curve for 8 pul::,e input of trecer gaE. 

RearreIlc~ equation (,.2) 

loO: ......£... 
co 

Therefore t = - T 1Of:e......£... 
co 

3.5 is a Etre.ight equation of the form y .. IllX 

where !r if) the graciient of tl:.e line. 

27. 
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'1'0 veri£;y correct calculation method for a pulse input or 2B. 
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Ac/h .. 2.00 
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B7 plott1ng t aga1ut ... 10& S,..,tbe time· ccmstant t.r can 
.' co .,. 

be obtained·from -the . slope of the'l:lne, berl f':ittiagtbe 

points as sbocn"in Fig ,.,. 

It can be Ebown that 'the position taken from 

the initial concentration Co is arbitrary as the time constant 

t.r will stay the same prov:lding the final concentration when 

t .. - is know.n. aud this dlould be the £ame concentration 

before the pul£e input wa=o liberated. 1he concentration decays 

rapidly, especial.ly with a high ventllation rate, but even. 

lIhen the decay is slow proVidixlg there is su1'ficient curve 

to analy~e there 1£ no neC'd to continue the test until the 

tracer gas concentration is equal to the initisl. value before 

the puhe input. 

b) Eguilibriuc con=entration ~thod due to a step input of 

i!i!J:§.. 

!l'his teclmique requires a continuoUs releaEe of 

tracer gas at a constant flO\1 rate v (m3! s) until a steady 

equil ibriu:n ccrcent:-atb::! h· re:"'hoc ri thin the roon. 

The theoretice.l eJl.-ple.ne.t.1.on of the calculating 

method Uted h b~,dcl111y similar to the previous method, for 

the decay port of the cur..-e. By coru::idering the room in :Fig 

3.1 the concentration or tra er ge.::. rithin the room is 

increesed at a rate of dc/ut. For sinplicitY assume tlult 

the EteeLly ::upply of t:;:,~,cr [;3:: is perrcc~ly mixed nth 1;1:(;1 

supply of rre~ eir into ~hc roor.. 



" '1:'. . ... ~.' " ,.. -. ", ~"''''''''' ._ _ .. ....... . - .... .' : 
'Let c • concentrat1on~tra.cer gaS 1i the room at aq 

(.: .. '. "b$tant, expre~'edaS parts' permullon or- a1r~ 

'. ,Q -rateo£ lresb.8ir supply rA5/s 

ca - ccmcentrationo! tracer t;as perfectly mixed with tbe 

supply sir expressed in parts per million. 

J. ps balance equation can noli' be written. 

Cas l1berated in the 1'00II1 "" Gas extracted hDR the room + 

Increase in ~ concentration in room. 

LetD=d 
(it 

(dU'ferenti.ation operator) 

lfultiplying by 106 and rea.rrall..,~ eqtl!l.tion (;.6) becomes 

&. ... C (9 + VD) 
Q 

C = (I ) Ca 
l+VD 

Q 

The time constant T = ! ,.. ... 
Therefore c ... (;.7) 

Equation(;.7) is sn !l.Il;)lo,2;Y to a first or-,;er trander :function, 

in control theory. 'l'hercfore lfi th a Etep input the resul tiDg 

fird order s1;ep re::ponre is w.ritten ac 

c ... Ca (1 - e~~(t/T» (;.8) 



!lo Yer1.f7.w.s' metfuxt ~ciall,.-consider a.Tentllatid ~ 

01::2. ~ete d,;-~s all hour aDd e,s.."1mI8.pertJM:t ";ring 

of a step iDpI1t or 'tracer gas. 

1he time coastant ~or one complete air ~ as bef'ore :is 

!' - 3600 • Ieoas 
2 

amtiar to the .decay rate method the absolute Yal~ ~ tracer 

ps concentration can be 19Dored ~iDg 'tbe electrical 

output 1'rom tile gas 8Jl8l~er to the chart recorder is linear 

aM the chart epeed is known. SUbstituting the above value of 

~ into equation ,.8 gives 1-

c - ca.(I - exp -t!ISJO) 

Let the cOIICentre.tio!l of' tracer gas be an erbitrar.7 value of 

unity. By subdituting suitable values of' time (t) in equation 

3.9 the step ret:ponse' curve may be plotted as :;how. in Fig '.4 

One method of' ans.ly:::.ing t!d.s t~ of' curve it: the f're.ctionti 

response IOOthod wtich con:::iders all the l'Os.dings on the curve. 

13;y :rearranging equation ,. S 

loge (r -...£) = -t 
co. T 

!fherefore t - -T lo~ (r -...£) 
ca 

this is e. straieht line equt'.tion ':If' the for.:; y == Iil:t -chere 

the tice con~te.nt is the .;radient. 

By plot tiDt:; -lo.:;e (I-...£ ) ~-ainzt t, the tim3 const:u1t '1' can 
c::: 

be obtained !roe the slope of tl:(> line best f'ittinc the 

· .'5I. 
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· . Jl1th 1:b1.s method ,'the 1'inal concentration ca ' is 

required to calculate the ventilation rate in the 1'001II aDd 

th1.s ,'an .result n a long experimental periOd or SE''Verel 

ho'ars 1'or v·;ry low air chs~~ rate!:: and dUXL"'lg this period 

'the air :ini'iltration rate into the room beirlg V!lrlable,will 

probably he.ve chsn~d. An alternative to continuillg the test 

until a steady condition is reached is to analyse the initial 

part 01' the plot w:iDg a. computer pro,;ram. 

Fig 3.7 ooar:s the computer progra:n used r or anal7~ the 

:lD1.tial part or a step reqlOnsecurve. l3y considering two 

points 0'!1 the curve (t1j Cl) a...'ld (t2' C2) as SOOTm in Fig 

3.6 
Fig.;.6 

Car----------------------=====~~----~ 

C;~---_f 

C2~--_L 

t Cl +----i 
C 

t-

The equation~ for the tk~ p~ints respectively z-



I.a.p.gu8.se - BASIC 

IO ~ ~ &: ltEF.ERENCElro.· 
20 Pl1Ift,~, "ere t "'l'2" ~ "Q2" t "'!r" 
~O S .. 0 
40 ll .. 0 
50 LET l' - 1000. • • 
60 DIEP "IHPDT n(SEC), Cl" 
70 TrAIT 25(Y.) 
eo Il!IPIJ'1'!'I, Cl •• 
90 DISP "IHl'U'l' !2(SEC) ,C2ct 

100 t'Al'l' 2500 
.120 INPll'!' IJ'2,C2 •••• 
130 IF fi"* 0 AND Cl '* 0 'l'BER' I60 
.140 LE'!' 'fI - fi + 60 
~I50 LE'l' Cl • Cl + 0.0005 . 
I60 IF i'2 ... Tl .AltD C2 ... Cl 'mEN 370 
170 R:: CI/C2 
180 X - fi/T 
190 IF x> 230 ~ 2IO 
200 GO'l'O 220 
2IO X .. 230 
220 Y - i'2/T 
·230 IF Y> 230 THEN' 250 
240 G:1I'O 260 

• 

initial '9Bl.ue of !' 

250 Y - 230 . 
260 LFl' RI - «l-D:P(-fl/T»/(I-EXP(-T2,/'.r») 1-
270 LE'l' P..2 - R - RI 
280 IF R2 <0.00:)5 A!.1D R2> -0.0005 THEN ;10 iteration 1;0 fin:l ~ 
290 LET T .. '1' - (1000 It R2). _ 
300 GO'l'O 260 ------~ 
310 P.R~ TI,el, ~2,C2,T 
320 f - ~ + !L' 
330 !or. N + I 
340 LET fi .. '1'2 
350 LET Cl .. C2 
360 GO'rO 90 
370 !."ET !.1 .. ~ / N 
380 rnr:r "AVERAGI or - .. !:.,"Ac/E - " 360'J/l!. 
390 : ~()P 
400 nm 

The aboVe pro.:;ram 1185 adapted to snaly:::e the rate or decay curves. 



A lIIeJID.:IIlllue ~ Tcan be found by considel:'ing pairs o£ po1nts 

on the curve Euch as (cl' t I ) ani (c2' t 2); (c2' t2) alXi (0,' t:;). 

It was f'ouul that nth a theoretical. curve the time constant - '-

.could be 48ri:'ied~but lIdth a re;al curve which is DOt precisely 

expoDBntial the values or time constant for-each pair of points 

can be 1Iide17 different, e.pecially as t-O. ~6 type of 

8.D8l7sis va& al.so adapted for the decoy rate method, b1t 

due to the large f:catter about the mean value thegraphicel. 

method 1:IaS used for 8%lalys1.ng the uiajority of' the reeciirlg""S. 

hl Experimental Roo::I Used f'or Air Ventilation ?:easurement ~f:ts. 

!rhe experimental room and the test arra:agement , 

are shotm in Fig ;.8. A 250m0 diameter variable speed vane axial 

fan manu.f'actured by"iloods" o£ Colchester was connected by a 

square metal duct to a blade type cU;.:::pel-. '!be dan:per n.s 

adjusted. by a finely threaded SCrel1 e.:rrnn...,-ement giving; a GOod 

reproduci.ble damper pod tion. 

Prom the damper the roquare ductwork abruptly 

transf'ormf: into circul.ar. duct-;.l)rk to pa~f: into the experimental 

room. To obtain very_low ventilation rates 'Id th1nthe room 

the extract duct 'lmS blocked. orf except for a 125I!1l:l diameter 

orifice, tm'3 t1:is \"I'aZ fou.'1Cl to be sufficient Tlithout 8Jex-



Ixper1mental Room 

!tt . 
., -25Oaa c1.1eJDeter ~r8J1 

. '. . 

lID - blade c1aper. , 

o - 12511111l c1.inmeter orU'ice in ex. duct cover 
\ 

X - bs.lloon position far a pul.se input of g:ls 

L' - tracer gas libera.tiDg point in sup. duct 

S - "NIP' '1"& tube tt) gu a:aa.l.1Ber in 

ex. duct 

2.5m 

Ft.,!;_ ,.8 

Ductwork 

250 x 250 IIIllI. ductwork 

125 IIlIl1 dia. ductwork 
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........ ,.. ~;,.·"-:.~T;::: ~ :;. "h,_ 

!.'he sampl1JJg -tube to the gas analyser IIaS pJ.aCea 

in :the extract duct'~--~t_:~ ~.!~ tha~' ~e Uacer 8U, 

'ItOuld be p 'riectly mixed vi th the air by then abi this l:1lS the 

onl.y place where air could leave the.room as the latter 'AS 

practically compietely sealed within the l:iJ:rits o£ materials 

readi.l7 available. !!i1ere IIlI1St have- been a small exchange of 

air between the experimental room and :the CAl-tside due to 

tile BliDltly higher prea.."'\IX'e Tdthin the room, abi that the room 

was constructed of porous material£. 

~ supply fan had a possible seven speeds giVine 

a ran:::,ooe !ram 600rpm to n;Orpm which, with suitable damper 

positions gave a ventilation ra~e lIIithin the room of betr.een 

one and twent7 air chan..:.r-es per hour as~ cOIJplete air 

~e e::perimental roo:n, duct\>;)rk system and fan 

vera f:ituated in e. larger rO::lm. to that air leaving the inner 

room r.a.s :lot re-circulated round the f:y~tem, windows s..'1d doors 

were left open. Ideally no re-circulntbn ~~ \7Sltted, but due 

to the 1'o:;1t10n of the extract duct, a 1: t t1 C '\':'al: unavoidable. 

l:ost of tlle tedE .. ere porforccd durirt; calr. Weather c~nditiollf: 

lIith la"," or no 'tin: speeds, so t118t sicil.-x conditions .for all 

tests r.ere as:ured &c could be practic~l. 

!fhe air .!lor. Ciidribution in the roa::: 1:aL £011-

owed u~-in,; a TE1: !}:lake Generator E:,;'ctem for £lo\'\" vi::;u.~if:lltion 



'In air, amI the i.nstrument in d1l;c~sed further in ~ect1on 7. 

!'be air now cu:t're21ts ~-checkcl-io" .~. -that' t};«" 8,tr -.as 

beiug rea"one:bly -d.xC!d J.n the r~3IIbe'!ore leavhlg vi~:t~" 
. 

extract duct. Tt l'l3.:: diUicu1 t to f:ee the 8.ir .!low patterI1£ 

at 'Very lot.' velocities 8ll!l a "pui'fer" type smoke pro,.e was 

UEed lihich gave a. better vie1l:ll diEploy o£ the air "than the 

EIIIOke cene1'8:tor. 

.. 
A suitable range or damper positions with theil 

tq):propl'i.ate f~'%1 .:cttillu-s ~ e.elected. lfue air velocity in 

the circular duct into 1he test ro,'lll ~::.r; I:'.eaeured u~ins an 

electric£~ vane anez::oc.eter for 1:he pl"eli:::.inar;y ventilation 

ratefl. To accurz.>tely me, f,ure the no\,; r=te o£ air nllply 

into the room a pitot tube -c;as wzed a~cording to Br 1042 

Part 2Afor the :l:eaEu..-rement of' air flow rateE in circular 

ducn-ork. 1're.verses ..ere cor:ricd out over two diameters at 

ric-ht e.nsles. On each traverr,e, meru;UI:eoonts of the velocity 

preseUI:e were I!l::!.ce at ten point::, loc::ted by the log-line::r 

'!be ten point loo-lineer Clethod o£ nUI.1ericol. inte.;rstion by 

wr.ich the duct i£ diVidcc into 1'ive zone:: of equal area, f:nd" 

velocity reedin;~s taken in each zone. 

The pitot-static tube \1!.:cd ~1U: ~ L"lilar in con::truction to 

a l:.P.L. Jl:odi.fi<.'d ellipsoi,;el no~cd ::tOl~EJ:d pitot-~tetic 



I.oca.tiOll or msaSuriDg points aecord1§ 'to the !C):.po1nt 106=· 

l.1:bear rul.e. . (~ 1:042 • Part 2!. • 19U) 

'.,'. 

.' 

o.962Ji 
--+-o.847R 

O:695R 

O.56GR 

O.271R 

N.P.L. modified ellipsoidal-noEed £tendard pitot-stat1c tube 

~I . , 4 holes 

Aligrur.cnt Arm 
'7'iC !, 

I 
'I'o'tfll 

I 

Fi.~.3. iO 
:Pri::. t. ure 

t'tatic 
Pressure 
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tube arJ:i the ~icils c4 tb8 oaewed pven ,b' Fig :s.:t:O 

!be- pi.tot-static ~-c~s '0:£ two concentric _ tubeG, tile 

inner one transtitting the total pres~ t:hlle the 8IIlIlu1.nr 

space bebtem the tube::: 1:ransd.tf: the :static pressure. 

!be axis of tl~e pi tot tube liaE kept firmly 

positioned and psrallel to the 2Xis 0:£ the duct by an 

adjust.' -ble :t.rame. In order to keep the blockage effect to a 

miniltllZID the ~ver5eon each diameter \':SE carried out from 

each side so that tl.e -pitot-static tube v:u never more than 

haU' ~ acrosr the tbct. 

As air velocity in the dUCtv:ol k efO low, below 

7.5m/s, the resulting velocity prCt'!'urE r.a.::: only 3.5m::l wg,a 

very accurate electronic microl!l!:.;lometer '&'e~ U! ell, manu:f'actured 

by "Furnes~ Controls Ltcl~' tilich is described more in fection 7. 

!'he electrOllic m:icroma,~ltJEter l:li£ calibrated and 

then checked against a vernier reading L18.ll0meter manufactw:ed 

by ne :F Casdlla end Co Ltd" !!'he tr.aIlometer can be reed by a 

vernier to :>.02m::1 'WG OVEr the r.hole rr.n:.;:e and ha!: a l!31ch ltOre 

damped re!:llor..::e co:r.pereci cl t11 tle electronic micromanometer. 

The latter texxl~ to produce LlOre "noiSe" with the ceter 

pointe:r. 

Ilur~ each test the tempcreture of' tr.e air \'ICS 

recorded ucinc En ordinary I!I9rcury in glaf;f; therClOmeter and 

the barot:etric Pl'el.'::'ure ~~ noted :If" both affect tt.e velocity 

pres~ ure recorded by the, I:l2l1::>:netcr. 



. Foieac;h !airn:;; ~te ~ reD. speed tae measU!ei 

USing a ~batac '1ibich gave. 4irec1oresding 111 .reYolut1Cl1D8 

per ltIinUte. 

T:hen a sui table rtillg"S or air fiow rates had been 

mea...""Ul:"ed am :recoxded the tracer CfJ.E.. methods 1rere used to 

compare ref:ults. J.£ the Wo methods 1l£ing tracer 8J!S dif.fer 

111 their test procedure the:; have been d'i vided into seperate 

~r:ectionL. 

~e inf'ra-red gas e.nsl;yEer used for sl.l the 

te!:ts T:a!: J:l8DUfactured by ''GrIlbb Pa.-s00s Co. Ltd. n ai.l 

ce.libre.ted to detect nitrous oXide ':E def:cribed .in more detail 

in fection 7. !rhe output .from the 1:'.ll3.lytel' ~ connected to 

a potentiometer cbart r.ecorder manui'nctured by "Oxf'ord 

Instru:nent Company Ltd: Tlhich ba~ v::.ria1;le ch.:lrt epeeds .from 

Icm/hour' to 5OcI!llmin. 'l'he chE.rt speed .cho~en depelX1ed on 10he 

air flo-c:- rate into the roo:-.1 and the ~PEcteQ langth o£ decay 

required to calculate the a.1r c11::.n'!f! n.te within thelDOJD. !!'he 

sampling tube t·:)1he Eaf: a.n:Uy~r \\"~,~ };laccd in the extract 

duct e.::: all the eir leaving the r oom ~s e.Ef:umed to pa!:r' 

through thif.; duct -c:-b.en tee room h.sc been Ees.1ed rlth adhesiv& 

tape. The f:amplin,; tube \\"at: similar to a pitot tube projected 

in the extrnct duct and parallel to til£ duct's e.xi.s. 

41 • 



3.41: Rate or dec~yclue to 8. p¥f:e inmit of gas •. 

AS tb8-~tivor tracer gEl£ l.ib6rated into'tbe 

roOm --.asot 1ittle'impOrtence, a. balloon 'tilled nth the .Ps-: 
was considerect to be 8. suitable input o£ po:fnt ·source. !l'be 

-ballo~ ~ -placed in the room on the r-ll l!ISrked nth an "X .. 

in Fig 38 a:: thic 1I'-~s a conve:dent p:>dtion to 'bu:rt:t .the ba1.loon 

by project~ l\ pin 1'r.'lQ -tle outside pI ~ room am the -a1.r 
. .. ~ 

arouzxi the area. lroS wrr turbulent as seen with the smoke 

probes. 

!!be procedure tor .each test WE to 1Iait 'UI1ti1. 

the gu analyser ft£ steedy, which DOrIII8l.17 took at leSEt 

t0rt7 :tive milIutef:. Duril:2g this time the tan, at its selected 

Fpeed could be runniDg so that-the~~le qt:tem 'f:"f: settled. 

The 'Witdows ~ dO:>TZ ot tLe external room ~re kept open to 

remove the relea:ed ni-trous oxidfl and to decreare thfl cb.:>.nce 

ot recirculetion 'Irlthin the t:ystem once the test had started. 

A balloon 111 s then tilled nth nitrous oxide tlZOXl1 

a gas cylUxier, Eealed and placed in the position r.arked 1. :in 

Pig ;.8. Once the balloon Tro~ placed, the door or the room 'VIaS 

securely clot:ed and then the system. \roS left a rew more minutes 

depend~ on the air flow r··te , to tettle. I>uring this 

period the chart r.'corder was switched on at the ~electcd 

chart speed. Vben the system Y-B coCIpletely deady, the balloon:-

1faIl burt;t,- by a pin penetrntinc the roo:n y;r,ll. 



.plotted on~ ~ recorder tor :the sir ~ .~li..te to be 
~__ _,.l . ~ ...:..", ,... . ..... _ .... _:. •. _ •. 

determined,the l-eCoNer was indtbhe4 orf8%lll the concentration 

in .'tbe room n.s roo~ 'by 1Dcrea.£ixIg the nr· 'ri01l' rate 8XId 

openirlg the door. '!'o reduce the concentration or nitroUS 

oxide in the room to zero 01' ~ 1Id.tial. value, depending 

OX\. the number of previous tests,ZIOrl:lally too'kabout ~ 

minut~s, then another ~t c~ be Fri~~ 1!esides 
. ..-

using a balloon to create a pul£e ill:t--ut, openi1:rg the re.:,<>'UlatiDg 

val.ve on the (;e.E cyliixler for a fet; second::: 1Ir.is also ui::-:d. 

~ &as was 1ni ti~ released at the £all\e post tion .e.:;: the 

bal.loons had been bur.:t.. 1 but it 'Q£ alS;) liberated directly 

into the supply duct to the roon:.. 

Later.~· te&t:: l";ere performed hay~ en oscillatizlg 

de:;:k fnn 'Worldn;; in the room. This 1m~ to c:>l:Ipletely mix the 

tracer gas nth the !re!7h sir supply ~l1d to see if there ~ 

e:.ay dgnitillant diffeI-ence in resul~. 

3.4.2 :Equilibrium conce~tretion oethod 

AS the e:p-.rimentcl. ro::lI:1 ns very s1:lcl.l, to 

produce a step input of gSs which woul:l c:reate a steady 

responLe of below IO~pI:1 concentration, so that the gas 

enelycer could be u~e'l in its high tenei ti vi ty mode, pre::.en-

ted the probler.: of producillg a 1/)\1, cte:dy &1:;; flo\': r.e.te 

of below IO:)cc!min. This v.,s achieveu by u!'ine a fine 



'bet1reen the ps c7.~~~.a,r~tamet~r~~.~_ }q __ ~ __ , 

ti.7J.8.tOl1_L1d~ch is cliscwu:ed . later .in &!ction 7. ,. 
, .<0. '... , ~ - - - ~" •• : : • • ..... ~-. -

recorder -.as sil'itilar' to the procedure for a pulEe inpUt. 

!'he nmows a:a:l doors or the axternal. %'Oom, were' kept open 

au:l 'the door or the experimental -roolldtept firlD1.7 closed. 
Wben the gas anal)'Ser -am chart' recorder ..er. settled, a 

-pre-calcUla.ted neady supp:Q' or tracer gas- (lf20) was 1ntro­

duced into t.be supply duct to mix with the iDeomilrg fresh air. 

_ Mter 8. period or time, depez:w:liDg 011 the air 

supply rate into the room en equilibrium tracer gas COl1cen­

tration was reached at which point the gas ns ni tchec1 orf. 

Depending 011 the time, the concentration .. us either le1't to 

decay by the selected air fi01:T r...:te, or the air now rate 

was increased and the room door opened,_ EO that the n .. n 

tect could proceed wi1;lin app:rorl~tcly thirty minutes. 

h 'I'i th the other method an oscillating table 

tap 1'an Wl\S tt-'>ed in the room ldth some tests to completely miX 

the tracer gas 'With the inco::dng fresh air to Eee if' there was 

any significant difference in result~. 

3.5 Ref:Ul b. 

Air flow rate calculated by USin,z-a - pitot-

static tube" 

~. 



T:n BS %042 Pari 2A.1973. 1IIeD,7correct1on ~ac'tors 

ue~''1oo ~ ~appUed to. tbe.~.·.diUerent1al 

preasu:re, lR1t due t~ tile uneertainti.e.: caused by the 
. . 

fiuatuation of' the electronic lllicromanometer _te:r which 

outwe1&hed JII08t of 'these minor correcticns j. t 1I&.S decided 

0l1l..3'" ~o adjust -the "IeloeiV preutzre £0= tempn'ilture and 

atmospheric preSf.U:{'e aea.sl1J:1!meats. 

wbe:re vP .. ftloei~ preS$1ll:'G.- :di!ferential pressure (li/m2) 

e- denaiV of' air (lrg/m3> 

v - velociV of air (m/s) 

lfoW' e depends UPIJ11 the tempGratu:re and pressure of the air • 

. mrlctly the sir in the duct will be at a pressure B = SF 

where a is the £tat1c pres~ in the duct measured aboVe 

or belO1l' the barometric p:::-esS'ttt'e B; but this correction can 

be neglected where ::P 1s much less tium B. 

Deneityof air at ETP (oOe) = 1.293 kg,Im~ so that for any 

(;.12) 

The velociV pressure 'nS mea.E'U1'Cd in JIlIlI o£ water guage by 

the :d.cromanometer and as 

One l'!:l.Scu. (Ps.) .. I If/m2 .. O. Z02:)mm "Wg. 



L8t b. .. 'Veloe1't7 heed. expresEGd :in JIIII WIg 

YP. 9:801h 

(m/a) 

" .... ..!. <yt + "2 + •••• + "n) 
n 

-.here n. zmmber or pitot-static tube readillgs. ~ air now 
rate 111 ~ ~1rcular duct -1.1.1 1-

Q • 1'fd2 v (.'/s) -- . 
4 

!'.be ten t:elected air now :rates were measured ucl.JJ;; the 

'pitot-datic tube and microman.ometer, ani the results were 

recorded. tJs:lDg the tracer g:!s method a pulse input by a 

balloon was carried out on each air flow rate. :.:ore e~.-tensive 

tests YI9l'e per!ormeo. on ouly four selected air fiow rates as 

tabulated in 'l'able 3.2, ascuming perfect IIIixing nth complete 

air changes for the results. 

!e/h == 360::> Q 
V 

I h'" 3600s 

llhere V :: volume o£ experimental room (m3) 

'!'he cslculatioru: of air now rate us~ tracer gas method 

have been diVided into sub-sections. 
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::,.... -
.. -!he cdcula:tion method tor ~ air nOW' Tete ,18 

~ £1U!:8 whether the pulf e input of t1.e 'tracer gas m released 

in the auppl,. duct or by bursting a balloon in the room.' Fig 

3.lIsbows a decay curve £or a pulse input of tra.cer!~tor a 

now rate re1'ereuce number 4 £rem !l'a.ble 3.2 with a circulation 

tan in the room. 

.ls the cbs.rt recorder used heat sensitive paper which easily 

-.arks, the curve 11:'8.£ copied onto -tracing pallOr. ' 

'fhe "Y" or "concenttttion" axis or the curve was given an 

arbitrary linear set of values as ShOllIl 82ld a. suita.ble 

number of points 'nre lo~s.te~ to 1.1'17'1:7 "U.e fractional rE:spon£e 

method. !!'he time (sec) If!!-f' plotted a...."'8.i.nst -log (.£...) and the 
Co 

gradient of the stre:igbt line found, 1Ihl.ch is the time 

constant of one complete air chaI1u<>e. 

Therefore t- AC/h=s == 36:lO 
T 

!'his exercise was repeated for all the decay mte curv.~s to 

filld the air !1)TO' ~te in the room. Although the tracer ga~ 

concentration curve, sD.ovm in Fic;i\IIwe.s ello\'1Od to decay 

nearly to its initial concentration, this was unnecetsarJ 

providin.<; there 1I:'aS sufficient curve to be able to p16t time 
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(mi:a.) 

1.5 
2.4 
4.8 
7.2 
'9.6 

12.0 
18.p 
2,4.0 
,0.0 ' 

, ;6.0 
42.0 
48.0 

2.0 

1.0 

/ 
o 2 4 6 

t c 
(t.>ec 

90 12.25 
144 n.OJ 
2S8 8.9~ 
432 7.,0 
576 -6.00 
720 ... ·95 

1080' ,.00 
1440 LOO 
IaJa 1.05 
2160 0.70 
2520 0.50 
2880 O.,J 

-l~J!.. 
Co 

o. 
O.I07 
0.319 
.0.517 . 
0.714 
0.906 
1.407 
1.918 
2.456 
2.860 . 
,.190 
3.710 

T • 2000 - 1000 c 749s 
, 2.59J-I.255 

AC/h = ~OO _ 4. SI 
749 -

P.l1.se i!lput~upply duct 

C1rcalation ran 

Air noa' rate %'er No.4 

8 10 12 14 I6 18 20 22 24 26 28 

t x 10010 _ 
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,.52 Equilibrium concentration method 

Fig.~'.I2 ehan the response concentration eun .. 

to a step input o£ 1:racer gas <4 approx:1matel.7 55 cC/min. with' 

an air nOll'rate, reE«t"8DC8 4, 1'rom!able ,.2. !!de particular 

'teat was with a c1rcu1ation fan in the room, 1mt the ana.l.7s1s 

or the curve is -the same 1I'i:thoat such a fan • .l t:raciDg 01' 

-the curve 1I8.S made am a IIUmber of points 01' '"t1:ai:t e.ga1ns1; 

CQaCenLration were located. !'he time canttani; .us fOlmi b7 

plotti»g time against· - l~(I - c/ca ), and measuriDg the 

gradient o£ the best fitting etraight l1ile as shown in 

Fig. ,.1:2. 

l!ith this w:ethod the steedy concentration ha!; to 

be known for calculation purposes so the test CaDnOt be 

ahortened as the decSJ' rate method. 

,.6 Experimental errore 

~e air flo~ reed~~ !r~m the pitot-atat~c 

tube were used ac a datum for comperiDc the d:i!ferent methods 

usiJ:Ig tracer gas. Ord..ng to the very low air!lO\'l into the 

room, the resul tillg velaei ty preCEUreS =re extremely small 

(O.OOIum to.4mm wg),andthe excessive air turbu.lence in the 

duct from the abrupt tre.nsformatior. pieces over a short length 

creatincfluctuations in the electl~cel m1cromanometer 

reading:::. 

50. 





52. 
~ . 

Approximate er:ror .(ot.). shown in 'table ~.1 t4 
• #' . 

,.,. 

the meM1 pitc»t-1iraverae resul ~ has beencal.cul.a.ted b.T asettsEiDg 

"the dev1atioa.O"', :4:the m.cramen~ter .... loc1.tJr -pressure, 
'. -,:' . 

reeding whele.,i.. t:r l.in . (n.. number or points 011 'trave~) 

"Ower am .Pankhurstn in their book "'l'he measurement 

t4 }.ir Flow" sdVise udng other forms of mea.aurlng device 

other the.u BmlOIDSters below 15ft/£. (4. 57m!s)such as the'V'llDe 

....... *'tw, orifice.plate, or the ~tad. 'tube, or, 1:or VfIr7 

low speeds, the hot wire aMmomter. Although the electroDic 

micromanometer U!:ed could measure·to o.oor mm.'vg and there 

.. nearly complete correlation lIi th the vnm.er reading . 

manometer. '!'be former iDstrwuent i.s much more sensitive 1;0 

preSeuI-e changes, bIlt quick to take readiDg'"'S from. 

As the tr~cer gas lI:eIlhocl depeDd lE entirely on 

the electrical output of the infra-red gas analyser, ~ t 1I8.ro 

checked with a digital voltmeter against the front meter on 

the analyser a:cd the graph or the readings is shown in Fig 

'.14. From the graph the electrical output is slightly out 

of phase with the front meter sh01dng';I:H! concentration, bIlt 

the output is lineer and parallel with the.ideal line and as 

the absolute concentration 118.8 not needed the output value 

1i8.S left uncorrected. 

!'he absolute gas concentration should be. read 

from the calibration curve, included with tbB analyse::-. !rhe 

electriceJ. output 'Iilen the analyser is in the high sensitivity 

mode neede: ~ correction appl~1\! to it for the absolute value. 



tv<t:r- Coacentration 
c (ppa) 

0."(.[ 71.5 
0 •. 94 ", ",;< : 16.:> 
'1.20 20.0 
'1-40 ··24.5 . -
L6I 26.0 
1.79 ,I.5 
2.00 :56.0 

100 
2.50 46.-0 
2.61 49.0 
}.02 57.5 
5.40 64.0 

eo 

60 
t 
c 

Addi ti.cmal. points 
40 omitted ~ar clarity 

20 

o ~------~------r-----~~----~-------' I.O 

Electrical output (V)-

Additional &>urce~ of Enors in Air Ventilntion l4eaf:Ul"ements 

Effect cd Non Uniform 1!i.xi1lgJ- Air exchen.:."'l? rates based on 

tracer dilution rates and calculated a£ outlined previously 

have been based on the aSE"umption of perfectly mixOd cOJll.Plete 

air cl:la.nge'S. '!'be alternative conditions to this are illustrated 



In"1;he DQIl-aIx1JIg aJ4el., beSh air enters as & froat aDd 

pulhes1::be i.S.r ~ ~gas abea4 01' U: 1IJfunt" -

in & paper ~ar -the .LS.E.1l.1.E. pl'OWs'that the average gu 

coneentra't1on over the entire _olume is an "iav'erse linear 

:function o£ time. 

With the aecOlld DOD unit'orm JDix1J:Ig model 1Ih1c1 

18 1ll~ted :in Ftg '."15(0) the upper Tolume COIltaiDs 

ccm.Plete1;r staenant air, 1Iib1lst 1n -the lower Tolume perteet 

m1xiDg occura. 

! 

Periect IIIi.Xin.$ model. 

c 

I'eriect non-:nixing model. Dead spot model. " 

Fig.3.I5 



~ee. 1DOClels 'llU88'Jsttbat poor m1x1.ng cOul.d 1ead 
-.. " _., .. ",\~ ... 

tocdt'_mWmge rates ~_ b.Y the ~~ gas 1II8thod which 

are elther ll1e;ber or.10'lll!tr than ~ true rate, depet¥l~ ~ 

'the 'type of IIixiDg lIIOdel lIIhich ~om1nates: 

Another source o£ errcn- in the mea.surement o£ 

1;racer concentrat1oz: is drilt in instrumental :response with 

time, partiC\ila:rl;y when the inEtrWWAt has just become . 

operational af'ter "'the ~ up" per1cd. !1'hi.s can be miDi­

a1sed b;y checkillg against a :refezence (fresh air) to establish 

'the dri..ft, lItlt as the concentration curVe against time 1.s 

Deeded in aDalysiDg the:resul ts thie check can onl;y be per­

:farmed at the beginni.ng or eDd of each test. 

Additional errors sri&e 'Chen fitting a curve to 

the plot produced by the chart recorder owing to the "noise" 

produced 'by the recorder. 

Another EOurce of error was having. the extract 

.from the experimental- room into the main room from where the 

suppl;y l\'1IS taken. Ideally the extract should bave been 

ducted to the outside. The slight amount of :recirculated 

tracer gas which reeulted from the above sydem wa& probably 

the contributing factor to the high air exc~ rate with 

the step input I:l8thod. 

!he saDIP.l1ng tube 10 the analyeer was placed in 

the extr:l.ct duct, as~l.1.!:l.in& tbt all thea.ir wOuld lec:.;re the 

room by this duct, but SO::Je air leal:ed into or out of the room 



"0 '" '" • f- '\".: 

.~ }I1'tot-atat1c 1;ube-·-.s used -to a!aSure"tiJe SUPP17 air "hto 
- - ' -

the room 8.Itt1IIId.ng the same QUantity le:f'tby thee;rtract :duct. 

,.7 Conclusi;m.. 

" static tube, agaiDst the values celculated by the variou.s 

tracer gas methods, sb.ows clOEe correlation with the ideal 

stra:1ght liDe up to about 7AC/hr. Abo'Ye this, there :is a large 

lElCatter of points eM little can be cOl'lCluded from the upper 

points 01IiDg to the fey tests per.forn;ed. 

Beloll' about 7AC/hr most of the relS'Ul ts are the 

positively larger then 11:e "datum" pitot traverse readil3gs. 

'!'his is particularly the ca£e with the step input of tracer 

gas, but this is probably due to recirculat:on of tte gas in 

the system which would relS'Ul tine. higher air elltmc.-.e rate. 

Especially with the larger quantity or gas used with this 

method, mal:ing the difference even more predo::dnant. 

If recirculetion of the "b:e.cer ge.s rltr;in t.he 

sYEtem existed, it would decrea.se the air c1mn::;e rate with the 

dec8J' rate method. ~, it can be concluded that the tracer gas 

method gives Eli~tly higher results conperec1 with the pi tot 

traver::; method. 

The rate of decay method with a. fan in the room 

to thorou,:;hly mix the tracer gac a..~ air t gave Eli.$htly better 

correla.tion than t he other metLod v:ilich were reproducu ble. Decp-use 

of tIns, a.nd that. it requirp.d lee::; time, ti:is '\\'as Ue method lU:ed 
in other roo=G as deccribed in the next section. 



Coaprison or _thoda in aeo.suring tbe air chan&'e rate 1lt -'the 

!x:pe:timezrtal Boom. Mee input by a bel.loon - pi ~t tulle "tranrae_ 

BeE. !Fan speed ~ P1.tot 'traverse Approx. ~eer Gas J5etbod 
No. (rpn) Position (20 Points) Error Pulse lfe8l1 Deviation 

(1IlIl1) Input with co1.4 
I 2 3 4 5 6 7 e 

AC/h 0(. Ac/h Ac/h 

I .605 ~ 0.94 :to. 049 1.1 1 

I 
0.82 

0.96 .J.C).Q2 

2 680 n 1.50 ±0.06 1.32. 
I 1.82 

; 1.57 +0.07 
I 

:5 620 5~ '.14 !-0.080 3.2 
1,.2 +0.06 

I 
i':>.0135 

I 
4 690 50 5.34 5.55 

4.68 
5.50 

5.24 -0.1 

5 650 .I;O 4.01 i'O.II 4.29 
4.29 +0.28 

6 100 150 6.66 :t.).I4 6.52 
6.52 -0.16 

7 140 150 9.54 :to. 16 8.28 

9.43 ~ B.1lS I -0.69 

8 810 150 I;.2I =0.23 10.31 
0.;1 -2.90 

9 980 150 16.28 =0.19 12.39 ~ 
2·39 -3.89 

, 

10 II20 150 19·14 :to.;2 ;0.48 I I 

:>0.48 .... TI.; 

Table 3.1 

1 



CO'Taric:on of method£: in meaS\ll'i~ the air change rate in the Experimental Room. Pulee and Ftep inputs using tracer m 

Rcf. Pulse input l'een Dev.rlth PulEa input f!.ean Dev. l/ith ~tep input l~en Dev. with ~·tep input r:aarl' Dev. with Pitot 
ITo. Eup. duct Pitot :.:up. duct Pitot SUp. duct Pitot ~. duct Pltot T1'avehe 'T'rnverL;e eire. fen TrnverEe 

Tralsree eire·lten Trenree l!et~ I 2 3 4 5 6 7 6 9 ~~ Ac/h J.C/h AC/h AC/h Ac/h AC/h Ac;h Ae •• _. I . AC/h 
I 
I 1 1.07 1.26 1.74 . 1.44 : I 1.07 +0.13 1.13 

~ 
1.1, +0.25 1.74 +0.80 .. 1.44 .to. 50 0.94 . 

. . 
1.71 I.O:) 1.70 I.GO 

l 1.70 
I.GO .0.10 I~50 .. 1·70 +0.20 1.80 +0.30 1.70 +0.20 

! 

4 6.25 5.00 5.40 5.20 
4.76 5.74 5.52 5.52 

4.81 4.80 
5.51 100.17 5.10 -0,1G 5.46 +0.12 ~.17 -0.17 5.~4 

7 B.16 B.34 9.BG 10.62 ; 

8.16 -1.30 8.34 -1.20. 9.86 +0.32 "0.62 +1.oe 9.54 
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!'he previous 1!eCUcm 'SUI concemed with cOllllp8Z'iDg 

dii'ferent method£ or ~a...curil::rg 'Yelltile:tion rnte usiDg tracer 

gas, nth the air flow rate measured w:ing a pitot-stat1.c 

'tube. .As 'the tests took so 1JIQCh 1~r usiJlgtbe equ1.l1.brium 

coacentrat1on method, eepec~ at 10.- air cbab&e rates, a:ad 

JalCh gas 1188 :required, the decq zate meth:xlll8.8 Qed :bl 

.further teat -ro=s •. ft.e pulse iDpat be1:ag a balloon fil.l.ed 

with nitrous oxide, or several be.lloons, depend1Dg on tb8 room 

volume. 

~e method 1.n the X.H.V.E. Guide,Section A4 for 

measuring 1nf'lltratiOll rates using a tra er gas method 

requires a fan or some other method or mixing the tracer gas 

with the room air. Vlhen the IIIixil:Is is co::plete the fan 1.8 

switched or! and the con entration of tracer gas is recorded 

for about one hour. !'he accuracy or thi:: method is not 

mentioned in the GUide and d~ tLe hour the exterior 

weather comiti:ms could have been varied considerably 'to 

change the air infiltrntionmte into the room. 

The sectilXl A4 in the Guide goes on to describe 

a method or calculat1:ag the natural ventilation into a room 

using data and equations. ~e Guide also gives empirical. 

values ld".ieh are intended for ure T.'hen celcuJa tions ere 

~racticable or ine.pp~priate. 



'!'he L:-qma Oa1dep.iblhDes1J3f'ormatioa. CID -the 
- .. - . . "... ~. -." . J,'f .. ":",: .. .;0 : ~ " 

!Dtlltrdi.OI1 occur1J:tg through wbldcnr rre.mes tIID ~ ___ .i.CID 
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lllaterialll ., tbe, Yfmtlla:~on rate can be ca~culated'aad.er' 
,'. , .. "" "-.. 

certain exterior conditions. 

'!'he above methods bs.ve been used to ce.l.cul.ate 

the ventilation rate ror a I" rooms and compare the results 

'lrith those obtained b.1 usbg the 'tracer gas .-tbcd. 

4.2 Calculation of Nature! VenUl.&non 

!l'he three Jl!ethods used to calculate the natural. ventil.ation 

rate :I.n a room discussed in thU 2Cction are 1-

a) ~ data, charts aDd equatioru: preEented in tl.e mv.E 
Guide Section A4 

b) !'he empirlce.l. values of infU tration u in the IlNE 
Guide f'ec1:ion A4 

c) !1he tre.cer gas ~tt.od using the decc.y rate procedu:re 

a) '!'his method of predicting the rate of ir,fUtration in 

a rectangUlar wading is me.inly for desi8n purposes 

T.hen sufficient information and the type of construction 

ie known. '!'he Guide presents an infiltration chart Fig 

4.1 drlch provides a Simple :infiltre,tion e!:t1I:ntion 

teclmique froe the mOT:'ledc:= of 'I'I'ind epeed ard building 

height, loc etion and windolr qUE!.lity are 'kno;.n. ~evcral 

correction tectors ere given to the infiltration chart 

for the t:.-pe of internal resistance to air :.flow, such 

8S partiti~ and cor.ridors etc ~~ ror the stack effect 

which depend£ on tl.e level of the r:>om. '1he calcule.tE'd 

'fit. 



:lm'lltratiOll rate is ,the _xi..-'l1ke17 to occur in each 

~. ;~1'e~'a'~the;'.uon to make &llowBnce~:_-irben 
calculat:1%lg the ~otal 1m."Utr&tion load on 'the central ' 

. '. ,- .' - ~. 

plant for the lrhole 'building. 'l'his coru:id(.rs that at 1l.IQ" 
, , 

one t!me, outdde air only ental's the nnd'l!'tU'd rooms and 

imposr,s a beat1.De or cool.1:n.; loedupon them. '!'he COrl"8S­

poBiillg volUlle of t.ir 1rbich must leave the buUdiDg by 

pasdne tilrough the leewe.ril rooms is e.l.l:'ead~ at room 

temperature and £0 adds nothiDg to the total beat. load 

of the bu.il.cing, aSf:ll:!:.i.Dg that all rooms are kept at the 

same temperature. 

~e calculation of the natul'el ventilation of' the first 

test room P/C/2!) frOtl the schedule of room details would 

From the infU tra tion chart Fig 4.1: the mean pressure 

diffc:'('nce i:: dctcrmined for the building height of ,Om. 
!Ibe horizontal line is then traced \1l,til i t C:J:'''~~ :; t::te 

line 101' the appropriate nndow infiltration c:)Cificient, 

in this caEe 0.25 1/r!1E .£ee ta' ,le 4.I. A vertical line 

projected fro;;! the point of 1nter~,cctlon to the rig.t hand 

sC6le give~ an infiltration rate per meter ol ~indow 

ope:ti.ng .ioint of 0.9 lis. Thi~ value is adjusted by 

multiplyine; it by cor.:.ection .f'acto=s for internal air 

re:;idance. 'i1l.Crefo:-c th~ average in!'il tration rate becomes 

wi tl~in t be buildin,:;. In t;.5.8 c_se the correction factor 

f;:1 <l.b = C.::, :: I c 0.9 

62. 
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V,indow infiltretion 
,,riMO .. type. coefficient C for I N/m2 

{l/ms} 

Horizontslly or vertically 
pivoted-weather £tripped 

0·05 

Horizontally or vertic&lly 
pivoted-non-weather stripped 

0.25 

Horizontally or vertically 0.125 
Eliding-weather ~tripped 

Eorizontslly or vertically 0.25 
sliding-non-weatber Ftripped 

Air infiltration throur;h Tindo~. 

Reproduce-i from Table M.; !EVE 14 
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As ~lrl:~. ~ ~. < a~ ~e:, ~ . or the buildiDg, ..-ith 
o.P8J!l:&blc ~s OJ?-:,~ adj~c.ent 1I/'S.~., ~ w:'ll, be~: 
1ncreased ,1Qr L~ :t:1mea. ~tiply1Dg 'th1s val_ 'b;y -the ~eDgth 

... •• "'. -,,- - .' ." -~ .. ..... .'-" •• '." V"
c 

o£ the w:lJsi0lre, ppenilJ€ joint in the ext~ 1I911s, gives 

.the ia!Utra:tian. rate 

~= 0.9 x 1.5 x 25.1 - :5:5.9 1/8 

!!.'he i'inal adjustment is acco:rdibg to tbe level o£ the room 

:resal tu.g from wind coulitions plus £tack ei'i'ect; asSUIIIiDg 

2fPc hcatiDg season. !L'he per<:ente.ge increase is approximate17 

an edd1ti~ .,"!- thereJ'o..-e ~ tor this room is 1-

Qr ~ 33.9 ~ 1.03 ... :54.9 lIs 

At'!':UI:!1ine pert.: et mixiDa in the room thi:: Sives an air 

cbanee rate or 1-

~ x 3600 x ....L :: I. ~ AC/hr 
10)0 94.0 

b) !L'he empirici:.l values o! the infiltretion which may be 

expected in bui1d~-s or t;ypic~il condruction in no~'IIISl. 

use in 1dnter. 

'The Table given 1:1 the DiVE Guine A4 give a V!!l.ue o! 1.0 h-1 

for a ~neral office and 2.0 h-I for !l. claf:::room on a 

no:::-ms.l site. '1'ho room P/G/25 illustrated in the last example 

could be given a value o! 1.5 AC/hr, especially being a 

co!"tler room. ~ periods when the room is un:>ccupied 

the infilm.t{on :r:tte c-e..T!. be takcn tu; half' that obtained 

above for n0r::r3l u~e. 

c) The method used rlth the trr:cer ~!!; 'f/:1.S the decay rate 



'With either. DDr~11S :In, the room,OT. a maximum Qi' two dealt 

..t8DS -to m.x 'tbenitrous ox:ldel1berated by 'bursting the 
• , " ~ , I '. . • • -

ballOOl1 htothe air. !be positioning o£ the t8.DS, sampliDg 
".t. • ,_ ..• -, • , -

tUbes am pulse input or '£racer gas us~ a balloon are 

shown in the fol101l'in:; plans. other variations are, to 

bave t"ITo sa.mpl~ tubes to the analyser to try to avera."roe 

'the concentration 'between two areas in the room. 

CalculatiD6 1:he -,entilation rate .from the decq 

curve 1r8.8 tl.e same as that 1U:ed 1Ii th the tests in the 

expel'iment<>-1 r:lO!ll explsined in ~ection ;:. !l'be outdde 

weather ccmUtions _re also recorded to see the effect on 

General 

!['he above Dl':'tbods ...ere repes ted on 8. IIU:Ilber of: 

rooms with details as Ill.om in the v:arious Echedules. l'lith 

the Constant TClqlcro.ture Room, only the tracer gas method 

1I;8.S ~ed 8.F. it '118.£ aSEunei to be 8 completely sealed roo:n. 

~e pulse input into tr.i:;: roo:n PS by opening the gas 

cylinder valve for 8. fey r::eeondf: nth ft connected pipe· 

p8£SillQ into tl.e roo:n. '!'hg tel::t on the conr::t=t tempr·rature 

roo:n was left to :run for I! fe\"; hours to determine Y.'bether 

the reading on the analyser would stay ete.8.·1y for sucho. 

time or if there was 8. calibretion correction to be made 

1:0 the readings. 



!be.,~oU~.~ ~abow 1Ihe:re.~ appera-. 

~ar -the ~~B;}~~,'~t~' .aa" ~ UPdthemca .lIChaduleac~ 
vaod to ~Cula~;~ ~ doe1%' 1nt1l traUOl1 ~ the o~ 
methods. 

'1'b8 :~pj'or. each test .. !>,.se~ 'Up as '8IIOWD. Ut..' 
'."1.." ":. • 

'the plans .0£ the /TOOIIIS!"!'he JIla:as .t:4 -eYe%7 ro~ 'tested,are DOt 

ahown as 'the test F.OCecJ;Ql"8 tor 'the .other rooms_s ver,y 
. .. .. ~ .. . .. . 

a1mUa:r to tru: oaes ~. Jl1tbe TOOIIl except.P/BIIOhrge 

laboratar,y nre "tested wi.th tile doors atd ldD:ion closed, 

and once the apparatus had been Eet up and t1"o8 balloons 

bursted -the operator could leave the ro:::m. ThiE method 118.::1 

impracti.cal in the P/HIIO room aD it was oclupied during the 

experiments B,) e1l the 'doors remained open. 

!'he ballo0D8 were held e.pproximate:ty a metre .above 

-the floor and in front or one of the desk 1'8JlS to attain 

uni1'0:rm. t'oncentratiOl1 of eas 'Within the roon: in the shortest 

posEible time. 

~e of the rooms GB/C!4/6/=-7 ha,", ventilators 

incorporated into the window froJneu which are cord operated. 

~ome tests l':8re performed with the ventilaton open to inVestigate 

the d11'lerence in ventilation rate in the rooms. Although these 

results 1\'ere in!luenced Clore by the external ~ther comitions 

especially the wind f:peed. 
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Plate I, 

:nice! set up of appe:ratus for the lI!I8a.sm-ement of 

'"nmtllation rate in a room. 



h GE/C/6 eome tests 1:er8 per1'oriued ri.th 1-.mntui-e . 
iD the :rooms em otherz! 111 thout it to see 11' there 118.8. ~ 

signiticmrt d11'fe%'eD.Ce 1.n the ftsul. ts. 1'8sts.'Wi thout 

hrmture usually eJ1.Ve l:Ietter reproducible :results. In this 

particular room where there were JDI.UlY t8 lUes, several different 

tests -.ere performed with the :faDS and sampling points belO1l' 

aDl aboVe the tables. 

!l'he volume or nitrous oxide required to fill CJDe 

bel.loon -.as mea81Dlll:.-approximately by displacing wa.ter filled measu;r. 

iJ:Ig c,'liDders over water, this ~as found to be between 4.2 to 

5.0 litres dep«:>ndin;! on the balloon size end sl.ape. 'l'his was 

used to asses!: the number or belloons r( quired for a test room 

to achieve approxim3.tely 50-60 ppm concentration of n.i trolls 

oxide. 

4.4 Results. 

Examining table 4.2 rl th resp.·ct to the calcu1e.ted 

ventilation rates udng tl.e tracer gf.:£ lIIeth::il, thEre appearp to 

be very little deviation from the mean '\Blues for p/G/25 exe-ept, 

for 'Ie£t lIo I With no mecl"..eniccl. :::ixing, but, there b a laree 

scatter of valu~£, for the otherr~mz. 

The re:mlts shown in table 4.; forile tracer gas 

method are only the values which .hL.d mechanical lII1xing in t1.e room, 

continuCll!l.y, throU&hout the test. !!he c:.lculated velues of rooms 

with open ventilators have also been r01l1itte:: frOlll tl.e table as 

have the v:uuec ... ·h!ch t.ave depended Inrgely on tb' pod tion or 

the furni turc. 



In .room p/BltO.1IhiCh ~s occupied and t'unctioni.ug 

d~ ,i;be .tetts, . aDd 'AS ,tL>e 1!lrgest room tested, there ~. 

:f'1ve baJ.l00l1S required. each fUled with nitrous oxide am 
meche.nically mixed to E,'ive JOod resul. ts. ..hen' onl.y tirO· ba..U.00n.. 

were 1k.ea. tnere 'WaS i!lSU1'ficient gas in tne room. and even wi 'Ul 

mechanical miXing this rccul t("d in an err'oneous vcnti.1atiOll 

concentration was plotted. ~'hisllOuld be as a result of nitrous 

oxide ha:vil:It a low dll 'usion coefficient as previousl7 discussed 

in ~ection 2. 

!!'he doors in the room were kept c10st:d to remove 

the complication of air exchange ratt"s between the internal rooms 

and when 'the doors lI9re opened accidentally the ventl.-:l.e.tion rate . . 

increased considel-ably, especially rl th the ::me.ller rooms. '!'his 

could h:::ve been due to(a)high convection CUJ"rents·.in the 

corridors, (b) or the fans in tr.e test ro~mt; USE:d to mechanically 

mix the tracer gas, contributi.:ag to hi.gher exchallgL rates when 

internnl doo~ were .,pen, ef:~cial1y a~ t:le:re was no signii'il:ant 

quantity of trac';r i"lll:' liberated in the edjuC'ent rooms. 

4.5 Conclu~ion. 

Conddt'ring the ventilation rate D38EUred usin,; 

tracer gas 1'.'Cre me:~£u..···ed dur~ the &UlllIlIer months, e.1 th?~ the 

external condi tions f:ho~ some low outside t'i!mper~tures, for the 

time of yesr, the mecEUred infiltration rates are all higher thsn 

fortle other r:etho.::: fro:n table 4.;. The oth'-r tv:o mcth'Jds 
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:acccrrdiDg ~0:'the.IBVE Ou1deresu1~s, i.n the highest 1ntlltraUOZl 

. T8:~ rarrooms lIhich is 1ikel:r':to oc ur duringthe ~':ati:ag aeasOD. 

resul ts obtained by the tracer gas 

method cay haVe been due t:) relatively laro:- !lOll' into enclo~.ed 

spaces such as furniture and fittiJ:@s, but this 1iOuld result in 

a non ~t1al curve. '!be resul~ !)~-cr;n in !'able 4.2 8l'e from 

reasonably scooth first ordt'r decay curves r1Ver a pLriodof' 

co:muenced. 

Furniture had a considel-e.ble innueace on the 

1'E'sults, ,men nitrOltt oxide UE used with its low dUfusion 

characteridics, e_~, if' the ges is not un~foml:r mixed through-

out the %'00114 erroneous ventilation re_tes C!!n reEUl t. 

Yethod (a),te.ble 4.; is very much depend.ent 

on the tYrE! of nndor.s fitted and this if: evident in the resullE. 

With very low expected air CMnZ8 rstee~ nth the ro~ in the 

"George Begg" building,S:: the 'I'1iM~ were -r.e~tber strIpped. 

Tvo p,>intf' that ('!:n be c::mcluded are that 

~cbeni,!ll 1I'.ixin(;: ic required continUOlllRly durillg a test, ... b1cb 

is contrary to the IJ:VE Guide Section ,\4 reco::mendation, lthiC& 

dates th3t '\be fan chould be switched off after the m:dng is 

cOr.'l .. lete fmd thenihe c:mCtntr::!tion I'(!cord d, for eb,')Ut one hour. 

J.:echanhal mixiD& is also l'.->quiJ-ed so flat it can 

be assumec1 that pert' ct mixin-:-; and c::lmplete air changes orcUr 

for calculat~on purpo~es. 



!be" -secco:l point is thit.t ui:1Dg a~OOI1 for a pulEe input ~a 

:relativel;y sillple end givcs a reasonabl;y ~ decay ~1"ram 

1rh1ch the ventilntionm.te <"ell b8 ti~i17 caleulated. 



Air infiltration tests using tracer eRp. - Rate of decay method 

r Tee 
!lo. 

I 

I 
2 
3 
l. 

5 
6 

7 

Room pJO Temp 
Ho. 

p/G/25 19.5 

CTR 

20.0 
2:>.0 
1').0 
20.0 
2:1.0 

20.0 

Ext~rnel condition 
ITemp Yiind 

°c ~eed Direction 
4 5 6 

s 
'\:f"\'l 
W~fl 

!:ethod ot tracer gne 
liberation 

7 

1 belloon I E.P. 
I balloon I r.p. 
I balloon I ~.P. 
I balloon 2 f.P. 
1 balloon 2 ::.P. 
I b~lloon 2 S.P. 

Fan arrangement 
within room 

e 
ITo fen. 
I Dr run.cont. 
I Dr ruR.cont. 
I DF run.initially 
I DJ' run.cont. 
I DF run.oont. 

pulse from gas cyl.2~P I DF run.cont. 

Cal. ventilation 
Rate 

AC/h 
9 

3.9 
1.(14 
1.00 
I.6? 
I.e~ 
I.ee 
0.12 

'l'able 4.2 

COll!lll8nts 

10 
Ineu£ficient mixing 
Doot. oloe" 

11 11 

11 Ii 
11 It 
.. jj 

1---+---+----+--+----1----1--------+---------+------;--------"'--.. -
e p/n/I! 
9 

I:l 1'/11./10 tu 
12 

13 1}::IC/4 
14 
15 

Ih 'iJl/C/6 
17 
18 
'[9 
21 
2'[ 

22 
23 

24 ~B/ch7 
25 

1').0 
1;.5 

20.0 
22.0 
20.0 
22.0 
2I.O 
23.0 
22.0 
22.0 

27.0 
27.0 

14.2 1 
14.5 2 

16.5 0 
17.0 3 
10.0 3 

16.0 2 
15.0 3 
17.0 7 

16.0 0 
14.8 2 
17.0 3 
15.0 2 
16.0 3 
19.5 I . 

.:18.0 , 
18.0 3 

v; 
r'~ ...: .. 

VI 
Nl!: 
nI 
n 

f": 

2 balloons 2 S.P. 
2 ball~one 2 S.P. 

5 btllloons 2 r .P. 
2 balloonc 2 f.P. 
5 balloons 2 S.P. 

1 balloon 2 S.P. 
I balloon 2 r.p. 
1 balloon 2 ~.P. 

I balloon 2 f.P· 
I balloon 2 S.P. 
I balloon 2 E.P. 
1 balloon 2 ~.P. 
I balloon 2 ~.P. 
I balloon 2 f.P. 
I balloon '2 ::.P. 
I balloon 2 S.P. 

2 DJ' run.oont. 
2 :w run.eont. 

2 DF !~ I CF run.cont. 
2 DF run.cont. 
:fo fen 

2 DF run.cont. 
2 nr run.initially 
2m' run.cont. 

2 DF run.cont. 
2 1)F run.cont. 
2 DF run.cont. 
2 D1 run. cont. 
2 DF run.cont. 
2 DF run.cont. 
2 DF run.cont. 

:::'2 DF run.cont. 

%.56 
2.16 

1.2, 
I.40 
,.10 
1.63 
3.82 
0.57 
0.97 
1.56 

Door opened tWioe ,i 
D~ opened 4 timee 

Door$. open '. . 
In.urrioient miXing 
Ineu£ficient,mixing 

Ventilator cloied .. 1To turn 
AI abdvt & door open once 
Ventil,tor open-lio fum. 

ventilator cloit4-No tum 
Aa above . " 
ventilator operi-lfo turn. 
A. 'aboV' 
As above 
Ventilator c1oe.a.turn1tu 
Aa aboV ... rane belotr table 
A. a~e-tane aboVe table 



Air infiltration testa udl18 tracer erlf! - Rate ot decal method 
,--. 

'l'llbl. ~.2 

Tee Room P.m Temp External condition J.:ethod ot traoer gtl.t1 Fan aTraJ1g8ment '. Cal. ventilation Comment. 
Ho. Ho. ~emp rlind liberation witbin room Rate :. ' 

°c Qc rpeed Direction AC/h " 1 2 3 4 5 6 7 8 9 10 
1 p/G/25 19.5 13·5'2 !..-rl I balloon I ~.P. no fan '.9 Ineu£ticient miXing 
2 20.0 14.5 , v: 1 balloon 1 ~.P. I Dr run.cont. I.£!4 Doors closed 
'f 2':).0 14·5 ~ \',' 1 balloon 1 ~.P. I DF ruil.cont. 1.00 " , " -' 
li 19.0 12.8 1 S I 1>a11oon 2 f .P. I Dr run.initially 1.6,) It 'H 

• !" 

5 20.0 1'.5 2 \''''''''' I balloon 2 ~.P. I DF run.cont • I.a~ " " •• If 

6 2:>.0 1'.5 2 11';.": I balloon 2 f.P. I DF run.cont. 1.88 " 11 
I--

7 CTR 20.0 - - - P\ll se from gas cyl. 2~P I DF run.cont. 0.I2 fteadY"ent.nte for ,h. 
f---. 'r-- -"-

e P/lI/I! I9.0 14.2 I E 2 balloons 2 S.P. 2 DF run.cont. 1.56 noor opened twice .\ 
') 19.5 I4.5 2 Vi 2 ball~onr. 2 S.P. 2 DF run.cont. 2.16 Door o~td 4 timet 

I---- -p,/l!/ro f---
16.5 

1----. 
IJ 2I.5 0 Vi 5 blllloone 2 f' .P. 2 DF & I CF run.cont. '.09 Door8 ,open, . 
II 23.') 17.0 3 r.~ 2 balloonr. 2 f.P. 2 DF run.cont • 9.76 Insufficient mixi~ ..:,. 
12 24.0 10.0 3 ~·"l 5 balloons 2 S.P. :ro t8n - tnButticient,mixtng 

13 Go. IC/4 22.5 16.0 2 ''j~1 I balloon 2 S.P. 2 DJ' run.oont. 1.72 . Ventiiator o~ofttd-lto turn. 
Tt. I9.5 15.0 3 rE I balloon 2 f.P. 2 nr run.initially 2.73 As abOVe & door open once 
I5 23.5 17.0 7 \',t\'; I balloon 2 ~.P. 21.lF run. cont. 2.07 V.nUlstor open-lfo furn. 

, :< 

I6 'pB/C/6 20.0 16.0 0 VI I balloon 2 f.P· 2 DF run.cont. 1.2, fintilator aloet6-No turn. 
11 22.0 14.8 2 Ill!: I balloon 2 S.P. 2 1)F run.oont. 1.40 Ae·,aboVe 
to 20.0 I7.0 3 :;VI I balloon 2 C.P. 2 DF run.cont. ,.10 .Ventila.tor open-Ifo tum. 
'[9. 22.0 15.0 2 If I balloon 2 ~.P. 2 ])lII run.oont. 1.63 ; Ai ;-"bOvt 
21 21.0 16.0 3 ' [VI I balloon 2 ~.P. 2 DF run.oont. ,.82 . Ae"aboVe , . 
2! 23.0 I9.5 I s I balloon 2 ~.P. 2 DF run.oont. 0.57 V.ntilator olol.a-turnitua 
22 22.0 t I balloon '2 ~.P. 2 DJ' run.oont. 0.97 A. aboVe-tan. below tablel 
23 22.0 . I balloon 2 f.P • ::'2 DF run.oont. 1.56 AI aboVe-rane aboVe tablet 

24 DB/C/37 27.0 .. 18. o , SW I balloon 2S.P. 2 DJ' run.oont. 1.62 Ventilator olo.-4-tumitm 25 27.0 18. 03 n! I balloon 2 S.P. 2 ri' r\m.oont. 2·70 Ventilator DIItftoofumituH ! -



, 8rmmar.r sheet of" air Wi1tration rate"· eAc/h) ~ 

... .. (e.) (b) (c) 
Boom .-.. ~ . . ~alcule.tion lmpirical 'l're.cer I!:8.S method 
Wo. Ilescription method usiDg value 1'rom' Cal.culated !lean 

I1i\1E ])a te. DIVE Guide values value 
X 2 3 4 5 6 

P/G/25 Semine:r 1.84 . 1.60 
1.83 
1.88 .. .. . 

1.~ 1.5 1.84 

C'fR Ccnstant - - 0.1:2 0.12 
~. RIll. 
(sealed rmJ 

p/R/n Advanced X.56 
Laboratory 

0.05 1.0 1.56 . 
P/R/IO Laboratory 3.09 

0.04 1 .. 0 3.09 

GE/C/4 ~ec:1nar 1.72 

0.04 1.0 1.72 

GB/C/6 Seminar 1.23 
1.40 

O.~ 1.0 1.31 

GB/C/37 O££ice 0.07 1.0 1.62 1.62 

Teble 4.' 



SCE;ULE OF no·:!! J»)o;T.AI~. 

Boom lIUI:il::er •• P/G/2!;Bootl Dewription •• EmallClassroOlll . __________ ~ ___ . _______ _ (§~.J:.~ _._ 

Dimeru;ions •• Leneth Cm) •• 5.8 

!!eight (m) •• 3.45 

"'"d'" ( ) .. J. .. U III •• 4.7 

------~-------------~---------
Orientation of E::cte~-nal "C!:lll:; •• 1) Borth 

2)Ea.st 

Height of Room above G.L. •• 2Im :Floor Level.. 5th 

-------------------------------
i7iDlol7 Ty-~e •• Yetal vertically pivoted non weather stripped­

£indow infiltration coefficient C • 0.25 I/ms 

Glass Area (m2) •• 10. 98 Glo.z!/.~<Jo. of t:ir..:1ot7 (02) 
O:pel.'lll.ble •• 6.57 

LeDgth of TI:i.ndo"tO OpenL'!£; Joint 25.1 
- (m) 

Glass .!:rea / E::r:;erncl. ";;all.Area •• 30.3~ Openable •• 18% 

-------------------~---------~--
Constructi::n !'eta:'ls •• 

l'lall.s I) ~ted ,plastr::red bloclcwork, brickwork outer leaf-two 1filldows 

2) to to " " " .. -windot7s above 

;) Painted plastered blo·:-kwork -rl th internal door 

It to " It 11 It 

Floor Fitted Carpet 

Ceilins •• Reinf'or.-ed concrete bes.ms,coveled with insul .. tion material.A1l 
pe.i..nt~d 

Furniture on! Fi.tti11g~.Dat3il$ •• 6 tables and 12 cbair::; remained in the 
room during the t(sts. 

------------------------------
Re:nxrlts •• No IUEe ceiling.~ome cr-.:cks &round. window frar.les. 



Rogm 'Bo. p/G/?5 

... 

...I 

...I 

~ 

I • 

W LL I 

,-= --..... T. - - -:1 r - ---, 
L .. ,J.~.~81Uon ofl tJs.bl.es . I 
-.~1Iaata. :-_J L ____ J 

One oscillating 
desk fan 

o~ 

a-2 ~ 

e I J.-

~2 ~ 

t-- ---r- ----t 
I 'I I 

-I 

r-- -, 
I I 
L ___ J J 

WAU- :5 

5.8 ... 

a 
..J 
..J 
et 
~ 

D 

, I 

!'est I - I balloon - I s8I!lp11ng po~t a-I - no mechanical m:ixing 

!'est 2 - I balloon - I re.:npling point EPI - I desk fen running 
continuously . 

Test "3 - I balloon - I ea.'llpling point :::FI - I desk fen running 
. continuously 

~:::t 4 - I balloon - 2 semplinc pointl> ~P2- I de£k fan runn:in,;. 
until steady peak 
concontration 

i'est 5 - I balloon - 2 s8I!Ipling points ~P2- I desk fen running 
continuously 

!est 6 - I balloon - 2 sacplinb pointl> ~P2- I de~k fan running 
. continuously 

Remarks 

Tables and clul.irs remained. in the roo::! during the tests in ~he 
above pos1tion~. 

N 

© 



Boo::! Dcccrl:ption •• Large laboratory" 

Dimensions •• Langth (!il) •• I9.5 

1!eigtt (D) •• ;.40 

't'iltl th (m) •• 7.45 

.... olw:.:.e (I!l'i) •• 494.0 

Orientation of .E:cternal t':ll.b •• r) Fest 

2)· -

Height 01 Boom above G.L. •• 25m Floor Level •• 6th 

-----------------------------~-
lli.nd.ov ~e •• Y:etp.l vertically pivoted - non-~ther stripped 

Window infiltration coefricie~t C : 0.25 lIme 

Glass Area (m2) •• ;0.7 Glcss/.A.reo. 01 t'indow (02) 
Openable •• I3.1 

Le:!gth of rIiDdO\7 Open)";; Joint .. 57.9 
. (0) 

Glass Area I 'Sz.tero-cl \;:lll Area •• 46~ Openable.. 20% 

Constructi:::l J:eb:.ls •• 

~ls I) Painted bloclarork Tiithout plaster (internal) 

2)" " " "and two internal doors 
to corridor 

;) Partially gl.~s partition nth internal door 

4) Painted blocls:work, brickwork outer leaf - rindQm: above 

Floor Vinyl tiles 

75. 

Ceili~ •• Concrete beams with inf'ill panels covered nth insulatio!l 
material end ell painted. 

FurnituI'e en! Fittinzs.:Dets.il::: •• Tables end benches with cupboms 
beneath . 

P.~~h~~;~~;;~~~~~~~~~-;~----------

--------------------------



Boo::l Dc::,cription •• Large laboratory 

Dimensions •• Length (m) •• 19.5 

lIeight (c) •• ;.40 

iilci.th (m) •• 7.45 

Y;)l\.:.::.-e (1':1"i) •• 494.0 

Orientati.:ln of E:tte...""Zlcl. t'ill~ •• I) Fest 

2)· -

APFoX.ielsht -of Did,;:- :-. 3cb - - - - -'-1:; ;;f -n~r; :: "7 - --
Hei,ght of Boom above G.L. •• 25m Floor Level •• 6th 

tzi.J:JdOVl Type •• ~tp~ vertically pivoted - non-weather stripped 
~ndow infiltration coerricie~t C = 0.25 lIme 

Glass Area (m2) •• ;0.7 Gl::.z.slaaa ol t'iDdo'l'l (02) 
Openable •• 1;.1 

Le:lgth of t1iDdor. Open~"'£: J;)int •• 57.9 
. (l:!) 

G1ass .Area I E;ct"r"'-tU. i7ill Area •• 46~ Openable.. 2~ 

-------------------~------------
Constructi:::l !'eta :'ls •• 

~s :t) Painted blockwork without plaster (internal) 

Floor 

2)" " " 11 end two internal doors 
to corridor 

;) Partially glass partition with internal door 

4) Painted bloc1.-work, brickToork outer leaf - windows a.bove 

Vinyl tiles 

15. 

Ceilins •• Concrete beams ',.1. th infill penel:; covered with insulation 
material end all painted. 

:Furnitu:L'e a.cl Fittinr;c.Datallz •• Tables end benches with cupboaxds 
beneath ' 

R~~h~~;~:;~~~~~~;~~:-;~--------

------------------------~-----



Room. Wo. p/H/Io Room Description - Large la.bora'torx 

£ ~ 
I) .J 

.0= .J 
cc 
~ 

;. \~ :-:tt; .... ~', . :- • - ~ 

I L __ -,-_ 

---, 
--r- ,J 

r-l 

~Il 
" I 

I 
I 

Or-.J.-IO 
L __ ~ 

----_.:.-..., 
Benches & !abIes 

,Approx.ht. 0.91:1 , 

-- -.-~ 
... 't<~ ,-

~2 ,<~.j \) 
DF 

--I 
I 0 ~ 

.-- -l 

L ~ SP2 

t- -I"] 
L-i 

r--t I - - -1 I I 

I I 
11 

_LJ < '),. ,-,I I 
I,.i{'/LJ 

- -11 
I-...J 0 

_--1 

0 €9 -l 

I 
DF 

-1 

WAL.L '!) 

7.+5 ... 

L 

.... 
I 
I 

Enclosed spaces 

shown in broken 
line 

o I balloon for 
!'est Ho. lllU2 

r" I balloon for 
__ ) '!'est 1l0.II 

I oscUlatil:li 
desk fan for 
'!'est No.IO 

I oscUlating 
desk fan for 
Test Ilo.II 

T~l3t ID _ 5 b!>lloonl: - 2 EB!!Iplinc points ~P2 - 2 desk .fans and a 
centriguge.l fan run-
ning continuously 

~c~t I1 _ 2 o~11?cn~ - 2 E~~pli~ pjints ~P2- 2 desk fens runnine 
continuj~dy 

TeEt 12 _ ') oolloom - 2 Ea.'JP1in.; point~ !.'F2--no mechanical mixine 



lioom Uumber 00 cm/C/6 

---------------------------~---
Dimendous 00 Leneth (m) •• 5.15 

lIeJ.ght (m) •• '.84 
Uidth (m) •• 4.' 

--- - - --- -- - - - -- - - -- - - - - - - - - - - --
Orientation o£ External liDlI::: •• I) llorth 

2) 

APprox.iieiG7t-oF i3i.dg:- ::-14:-0.;--- -"lr; ~£-Fl~r;:-. - i"--
IIei&ht or Boom above G.L. •• 10.011 Floor Lovel.. 2nd 

tliDdov ~Je •• Metal 'Yerti.ca.ll;r pivoted - weather stripped 
Yilldow 1Dflltrat1on coe£!'icent C. 0.05 i/JDS . 

Glnss .Area (m2) ••. 8.9 Gln.ss/.Aren o£ tIindO\'i (m2) 
Openn.ble •• ,.65 

Length or 14iDdotl Opcnin:..; Joint •• 10.9 
. . (m) . 

Gl.as~ .Are:1. / Elcterntll \'1all.!ren •• 541( Openable •• 2Z' 

--------------------------------
Constructi:m. I'etaUs • 

l'all::; I) Painted blocbork, brickwork outer leaJ' - windOws above 

2) Painted blockwork without. plas-ter (internal) 

3) Painted blockwork without plaster and :l.nternal door 
"to corridor 

4) Painted block1llOrlt without pla.der (internal) 

Fl.oor •• V inyl tiles 

Ceil~ •• _ Roof _ Metal decking with woodwool slebs beUcen steel 

beams - all paint.ed - no false ceiline· 

Furniture o.nd FittinG~.DatD.ilr: .0 10 tables and 20 chnirr: - roll 
type blackboard 

R;;';'k; -: :-Sl~t ;~~.;; ~~cks -~~ -~ ;ni;ill; ;;;;e;idly 
Rt the ju.~ction with the interna1 wells. One cord operated ventilato 

incorporated into tre r.i:ndow fro.ue. --------------------------------



Boom Ko. CB/c/6 Room Depcription - Seminar room 

:.\-,. 

.. 
~ ~ ,.. 

~ lri 

.x 
\ 

WAU I 

J 
, ' 

'E:P2 ~ 
...,.l, '.!. " ·.~ .. t j.:o:iO. { 

r -.:- -:- -, ,.r- --.---, 
. I" ..... 'I 

I , I 

L~ __ J I I I 
'-- - _..:.t. -.:. '- ..;:.: ... 

r-- -, r - - T - --, 
I 1 I 1 I 
I I I I I 
1-- - -J '-- - J - - ~ 

r- - I r - - .. - - -, 
I , , I 1 
I I , 1 1- _ - ..J '- - -- -'- - _ ... 

oae osciUe.tiDg 

I ~ ~-r-- I 1 . I I I 
t desk fen I , I 
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one balloon 

/\-~ - .. , 

! WALL:3 I 
~~~--------~~-------------~. 

~ 
.J 
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App rox. posi­

n or tables 
01II1 in 

tio 
eb 
bro ken line 

'!'est Ho. 

22,~ 

for 
2:1:, 

All '.redo _ 1 balloon - 2 aropling points tP2 - 2 deck fens run­
nine contiJnloucly 

Test 16 

Test 17 

Test 18 

~'ect 19 

'!'est 20 

'!'est 21 

'!'est 22 

'!'est 2~ 

_ wiDlow ventilator closed - no f'urni ture 

_ 1I'i.ndow ventilator closed - no f'urniture 

_ wiDlow 'Ventilator open - no furniture 

_ wilIdow ventilator open - 110 rurni ture 

_ window 'Ventilator open - no!urni ture 

_ window ventllator closed furniture 

_ window ventilator cloced - furniture - fam: 
below tables 

_ window ventilator cloEcd - 1'urni tUre - fnns' 
above tablec 



tcP.El'ULE OF ROOt J):""rA!L."' .. 

~ llumber •• P/HIn Boom Do=:.cription •• .&d:Tancecl 18.barat0X'7 ,. -------------------------------I . . 

D.iJDem;i.ons •• Leneth (m) •• 8.4 

neiGht (m) •• 3.45 

Tlidth (m) •• 7.4 

Volume (m~) .~.O 

------- ----------- ---------.---
Orientation or Externcl. \'.'o11~ •• I) .ed 

2) 

APFoX.ifelght-of mac:- :-. -fOli" - - - - -11; ;.1' -n~~ :-."7---
IIe~t or Room above G.L ••• 25m Floor Lovel.. 6th 

\7irJdOl1 Type •• Metal verlically pivoted - uon--.eather stripped . 
t1indO'llF 1n[UtratiOl1 coefficient C. 0.25 l/'IIIS 

GJ.s.ss Area (m2) •• 15.35 Gla£s/A:rco. of t'indOV1 (m2) 
Openable •• 6.54 

Length or i7iI11l0ll Openi.n[~ Joint 28.9 
(m) 

Glns~ Area / Externol l7an.Areo. •• 4~ Openable •• 2~ 

--------------------------------
Con::;tructi In !loto. ils •• 

TlDl.ls I) Painted blockwork without plas~r (internal) 

" .. 
to 11 

to 

to 

.. 
It 

. and one internal door 
to corridor 
(internal) 

4) Painted bl9Ckwork, brickwork outer leaf - 'Windor.: above 

Floor •• Vinyl tUes 

79· 

Ccilil1,3 •• Concrete beems with infUl panels covered ri th insulatioI 

Ill&.terial and all painted. 

:F\U"Iliture nr.d FittinG~.Details.. 'l'ables and benches with cupboard: 
beneath 

R~~~:v~~-~;~lo~-s~;~-I~----------

-------------------------~------



Boom lIUlilbcr .. nB/C/4. . . ~~ .'.". 

~~~-~~~=~~-~~----------------~ 
~io~ .~ ~ (m) ••. 5.85 tlidth (m) •• ~ 5.15 

lJeight (m). ~84 

----~-.- ----------- ------------
Orientation or External ilnll~ •• I) Borth 

2) 

Approx.iieight -of iD.dg:- :-. -.Ii.iia - - - - -11; ;.r -Fl~; :-.2" ---
n01Ght of' Boom above G.L ••• 10.Om Floor Level.. 2nd 

----------------~--------------
tiindOll T;nlEl •• J4e1081 vertically pivoted - weather stripped 

Window 1D1'il tration coefficient C.. 0.05 1.1mB 

GltLss Area (m2) •• n.9 Glus/J;rca o.t iandoil (m2) 
Openable •• }.65 

Le~..-th of' T1in1017 Openi.nf..:; Joint •• 1:0.9 
·(m) . 

Gla:::~ Area I Exte1'nnl \'lall Area •• 53~ Openable •• ~ 

--------------------------------
COn:ltructi:n retails •• , 
l7t1l.ls I) Painted blockwork, brickwork outer lea! - rindows aboTe 

2) Painted bloclarork, .. i~ plaster (intErns.l) 

;) Painted blockwork without platter aIJi internal door 
lcAdin~ to corridor . 

4) Painted blocnork without platter (internal) 

Fl.oor •• Vinyl tiles 

Coili~ •• Roof _ lietal deckinG with woodwool Ela.oo bet1leen £teel 

bellJllS _ ell painted - no falne ceiling. 

Ftu-niture anl Fittinc.:s.Deta.i1s •• 14 table.r. en! 26 chairs - roll 
tn>o blackboard 

R~~ -::-5iiehi -shi-iniige cncltE iiiWCen roOf mii 1rnifi e&peCrall~ 
at jU!lction 'With the internn1 'tICll&. Two cord- operated ventilators 

in~~~o~t~~~~~~~~~~~-------~-----­-r 



ro!S!lUL1:~ OF Ro..."'t1J)~:tI'Alr.::. 

lWoG llumber •• as/Chl Boom Dc::cri,PLion •• orrice 

~~-~~-----------------------~--
Dimem:io~ •• 'Leneth Cm) •• ~.78 

Jreigbt Cm) •• ~.84 

tIidth (m) •• 2.86 

Volume (m~) •• 41.5 

Orientation of' Externt!l t'8.1h •• I) lJest 

2) 

APFoX.ifei&ht-of Di.dg:-:-. 14-:0; - -- - -1I; ;f"-n~; :-."2 - - -
lIoS&ht of" Boom above G.L •• .IQ.a. Floor Level •• 2nd 

l'lllld017 Type •• Meta1 'Yerticall:J pivoted - 1!e8.ther stripped 
liiDdow ~il tra:tion coef"i"icient C = 0.05 l/a; . . 

Gl.azs Area (m2) •• 5.B ~slArca of" iiWoti (m2) 
Openable •• 1.73 

LeIIu--th of" tiiDdOl1 Opcni.nc Joint •• 5·,2 ~ 
. (m): 

Glass Area / External '".all Area •• 53~ Openable •• 16~ 

--------------------------------
Con::;tructi:n retails •• 

tIlllls I) Painted blocklrork without plaster (interna1) 

2) 

3) 

.. If If n and internal door 

" n .. " 
to corridor 

(internal) 

4) Painted blockwork, brickr;ork outer leaf - ... indon above 

Floor • • Fitted carpet 

Coil~ •• Roof _ lJetal declcinl; with wood-wool slabs between Eteel 

beams - all painted - no ruse ceiling. 

Fnrniture nnd Fittin~.;.Dcta.ilt' •• II rUing ca.binets, desk and a 
rew r.te.cked chcir£ 

--------------------------------

81. 

R~lts •• Substantial shr~ cracking between walls and ceiling. 
Ono cord operated ventilator incorporated into the "trind<n 

frame. Volume of enclO:led f'pe.ccs • 5m3 
-------------------------r------



5. Use or IfracO'!." Gar. 'l'eclmigue to l!ee.sure Air now Bates 

in Ducts 

!he dit£iculV ot ~ air now _asurewenLa 

on site, is the presence or the large number o£ obstructions 

such as clampe:rs, bends aDd £ans which either mean~ a low 

standard ot accuraq or a large number or readiJ:leaJ to 

ataSQ1"e air now UEins coaventioD8l. _thods such as 'the pitot­

ataUc,B.DeIIOIDBter etc. !'he tracer gas mstbod can onl;y be used 

where there are such obstructions ar, 1\Iechan1cal 1IIi.Xi.Dg, to 

distribute the gas evenly ~out the air £10-.. 

V~ous authors have written papers a~socil!lted 

wi.th the subject, e::pecially with X'C:::pect to meat.1lr'iDg air 

flay in coal mines where DIOst of t1le earlier research was 

per1"ormed. 

The theoretical background of the method c' used 

is Yell' similar to me~ the air exch8n .. ~ rate in rooms 

as ~lou~ly mentioned in the earlier section~. !be mnin 

dUf'erence is that th(3 absolute concentration value is 

nceded to ce1culnte the air tlow rate. The theory to tho 

r:tethodF m:ed will be outlined eeperately al thoueh the badc 

principles are the same as deccribod in section 3. 

5.2 
Theory_ 

The tecbrdque of air now measurelllO~ts . usina 

a tra<,cr gas dependr:: upon relensin..i a l-.nown quantity of £8.s 

82. 



1n~C> 't~ .. air .m-ea either i.nstantaDeOU!ll;r ~ over a abort 

period or tiJDe. 1Iben the tracer gas is eYenli ~ with 

~ air ri1'eea, 'the gas COI!centraHon can be determined, 

aui, ~ the quantit;y or gas ::released, or its ra.te 01' 

release, it is posdble 'to calculate the air flow. 

5.~ ~ibrium Concentration I.';ethoci. 

!hiB technique ::requi::ree a conti.nuol1s, kn01l1l 

::release or tracer gu gi'V8l1 at a CQIlS'tant no. rate 'V(~/ B) 

1IIrtil a stead,. equilibrium concentration is reached ri.thin 

the air flow at the samp1iDg poin't. l!hen a Bte~ state is 

reached, the quantity of air 1'lo~ can easily be determined • 

.b!!UlllJ.ng there 1.s no leak:age from the duct and the air is at 

the sa.'IIEI comitions at the rele.u:e and samplin.$ points • 

.a.rter a steady state is reached 

'l'herefore Q = v 
(<1rCi) 

(5.I) 

where 1- Q:: volume flow ra.te of air (m3/s) 

v:: steady flow rate of tracer {';8.S (~/s) 
c = steady concentrntion at eampli~ point of tracer 
a car pro!!ent in the tUr stream expressed in parts 

per million of air (pprn) 

ci: steady initial concentration at :::amplinl; point 
of gas precent in the air stream (ppm) 



Equll1br1_ C~tra.ti01i !'ethod 

c 100 Pig. 5.1 
a 

80 

t 60 

40 

20 

t(e)-

'!'he theoretical co.uc;entration increase is shown in Fig.5.l for 

a step input or tracer gas. 

5.2.2 Deeg Rate l.!ethod 

'tith the decay rate technique a known quantity or 

tracer gas of ID8.SS m is released over a short period of 

time. '.Ihe coneentration or tracer gas at e. point of uni£orm 

concentration is recorded us~ a chart record~r to plot a 

time COrlC@ntration curvo such as shown in F1g.5.2. 

At t:lmc t the volume now rate of tracer gar 

past too campl1n.~ point i~ I c Q 

84. 



Pulce IDput Ilethod 

XOO F1g.5.2 

80 

t (c) __ 

Therefore the total 'Volume or tracer Ea!! past the &ampling 

point is 1-

l""c Q dt 

Volume or tracer ga~ liberated = DI le 

'!'herefore ...!!!... = (obe Q dt :: Q A 

e )0 

'!'here.! ox:-e Q e mk _..:!- (m~/s) 
A A 

wbere 1- c '" concentration or the tracer gaE at the sampline; 
point apresses in parts per million o.! air. (ppm) 

.. 
Q = 'Volmm now rate or air (m~/s) 

85. 



e • deusit7 or Vaoer gas (Jrdm'5) 

• • mua or 1:racer ps (Jrg) 

e6. 

... - 'YOl\1lllO or tra~ at atmospb>ri.c temperature . 
am preuure (2O"C.x.ca, bar). "''''''_' 

,~ " , ", . .' .. ' ' 

.A&Un it is assumed that there :1s no leaOOige from 'the duct 

end the air!low is constant. I't :is also 1LSSumecl 'that b.T , 

introduciDg the tracer gas in the IIIICti.clIt aide or 'the 

centrU'ugal .tan there will be complete 1II1x1zJg at 'the 

sampling point. 

AJ.l the exprrlmental work in 'this .section-.as 

performed on the sheet metal ductwork Qatcm' ebcna:lin Fig 

5., An additional leugth ot ductwork was 1'ixed 'to the iDlet 

of' the centrifugal fan eo all or the tracer gas llberated 

into the system 1I8.S thoroughl;r 1II1xed by the .tan 'to create 

a uniIorm concentration at the 88DlpliDg point. "B1g:-;iuS' 

ani Sbuttleworth" in their experimental work, to Jll8asure 

air now in coal mines headings uslng the tra(-er gas 

technique, calculated that a distance of' 10 duct die.meters 

on a straight duct.ork cystem, is :required to ensure that 

the concentration on the axis or the duct in within I~ or 

the mean concentration. \'I'ith the ductwork s;rstem shown in 

the diagram there is a centrUugal. fan and a damper to 

creatly assist the mixin,:l; proee!:!:. 

The joiI~ts beh""ftl1 (;&01. ler.~1:h 1.'1' ductwca-k he...:i 



Plate 2. 

!lEO shmm f- Centrif~ fan to reJ:lOV8 eonte.d.nated 

air to a:tmt)8ph~re 



Ductwork =-lstem 

D .......... 

Approx. distance from liber­
ating point. (duct diameters) 

20 dia. SPI 
+-

CP? 27 din. ~ 

33 diRe 

2:J4x254 Duct (cm) 

!g 

F - Centrlf'ugal ran 

D - Plate damper 

L - Trscer liberating 
point 

tp - templing tube to 
e;as emUyser 



rubber C"!ekets am all the 1nspeetion points 1I'8r8 seal.e4 

nth tape 80 the) e was negl1gable leabge fZ'Olll 'tba ~. 

!ha air flow rate in 'the ductworlt could be 

varied either b7 the blede demper which bad a. fine threaded 

screw giviDg easill' reproduci.ble positi-OJlG, or by the 

centrU'ugal tan with a Tariable pulley system gl~ a 

ranee or speeds which could be reproduced aDl checlled nth 
a Strobatac. A range or suitable air now rates 1191'8 

selected using an electrical T_'8I18IIIOIII8tel' tor 1;be 

f. 
preliminar::r Tolume flow rates, tor clit!e:rent dazIper and 

for tan speed settiDGS. 

As with the air now measurements in tbe 

experimental room de:;criboci in f'-ection ;, the air !low 

wan measured using a pltot-static t.ube em tbe "ectrical 

micromanomoter manufactured bp "Furness Controls Co!' A 

frame was erected at the end. or the duct to support 'the 

pitot-static tube. This kept the pitot-£tatic tube parallel 

nth the axis or the duct in each traverse posi'tion and. 

also reduce the Vibration to the tube. 

From B.r.848 Port I. 196; for :rectanp,ulnr nir­

wn;y£ the pitot tube should have been po::;ltioncd as shown 

in Fig 5.4 

Th:!.:: results in 48 observations which accordiDt; 

to a short note by the ''National ~erine Laboratory" 

in T964, enors of 2:~ or more can dill be mouSurcd in 

ct'rta1n types of pnymmotric velocity distribut!on. 

ea. 



Location or measuring poi:!!te ~or recteD6ular ainraze 

accordiag to re 848 I ~ I I I96~ 

+ + + + + + + + + + + . + 4- • + + 

+ + +- + + + + 

+ + + + + + + 
;- + 4- + 

+ + + -i- -I- + + -i- + + + 
o./n " .1 • .0.{4- . 

0. 

.I~ 

:i 
+ .11 

+ 

Location or measUring points used in e:xperimentd 1'rork 

, -'7" 

+ + + + .I 
~ 
-

+ -+ + + 
I 
[ 

-+ 
1{) 

-t + + + C'4 

+ -1- + + 
1-

~ 
~-- .. -.-.- .. 

l'ir;.5.5 



ConsideriDg this point, the duct 1Ia8 divided into 1:6 

equal e:rees 8bIl a '¥eloeli:)< preesure readiag 'hB recorded 

at the centre or each di'YiBiaa. (Fig 5.5) As & further 

cheek the traverse ~ repeat8d two or three ~time::l. . 

1lPL modified ellipsoidal.-bollf!d ctaDiard pitot­

static: tube 1I8.S uced to measure the veloei ty presr;u:re. 

tJbeXi! the veloeitT profile across the duct 1I8.S ext:r<:-~ 

1rregul.er further measurements wer-e JDade, but onl.7 in those 

areas. ~ aboVe veloeitT pressure l19aSuremente were made 

acrot:s the duct for eo.r·h or the selected air flow rates. 

As each or the tracer gaa aethod.:: ULed to measure 

the air flOW' rate wan difIerent, they have been com::idcred 

sepo;rately. 

5.~. I !guilibrium Concentration Y.1ethod. 

!'he apparatus 1I8.S cet up as shown in the. 

schematic Fig 5.6 

Due to the low flow rate of tracer eas required 

the regulati.ng value on the gat: cylinder was not send tive 

enough, eo a needle val.ue wac u::;cd betwcen the cylinU'r 

end rotameter. From the rotameter, no pipes. each with 

glu:: stop va:Lves were used for edjust~ the gas fl:> .. rate. 

One or these pipeL lI'aS to the external frech air co that 

to set the needle va:Lve in its correct position, the gas 

wras erlrec1.ed nth the dop valve on tho liber<·tin.:; pipe 

clo::cl. 

90· 



Plate 3. 

'!'re.oer gae liberation point to ductwork system 



91. 
Schematic or tracer e:as liberatblg point 

j--i-iH-----,r------.. '1'0 atmo.phere 

~ 
R l' - Centri.tugal 1'aIl 

L - Liberat1Dg tube.1'or 
tracer gas 

GC 

R - Rotameter 
GC - Gas cylinder - J'~ 

Valve Schedule 
IV 1& 2 IsolatiDg'''al~s 

(gl.u.a-ware ) 
1N I ReBUlatiDg 'Valve 

on gas cylinder 
RV 2 Regulating needle 

valve 

\'!hen the t! e.C(T gas fl~ rate and the whole system ~ 

ctcauy, includilJ8 the gat; a.."1a1;yser rmd chart recOl"ier, the 

stop valve to the libcrati.nc p')int 1I8.S opened and the other 

stop valve closed simllltennously. T:ithin a fal! minutes 

tho steedy con<:entra tion level had been reaehed nnd the 

tra.c·' r gall flow was EWi t:c:hed off lea.vine the concentra. tion 

to ,ieen,. to its initial level. 

To e.::rid tb.ic relllOval of eontaninated air .from 

the room whole the ductW01'k ~ erected, all the win<lot:!> 

o.nd doors were t.npt )pen clurinc the tect period 8l'l'1 . e. 
] ..... 

eentr l.fueal" 1m.S u::ed cloae to one (om ol" "he 4uct• 



1'bia wae to ,preYeIlt tracer &as bei.Qg rec1rculated witb1Jl 

the qat. d aUectiDg'the resu11:s. 

I ' . 

iniUe.l17 positioned at the end or ~he duct where the 

pitot travenes "re perfOl"lllBd. '.I'his particular poeiti01l 

p;n a very unsteady chart plot end therefore several other 

positions for the se.m'pU~ tube were tried. 7iDal17 pos1Uon 

SP2 1I8S selected all it gave a atead7 time concen~tlClll 

!'he 8ppara.tus used for this .thod we:: similar 

to the previous method as shown in Fit': 5.6 Releadne a 

known quantit;r of tracer gas over a short period to 

produce a pulse input, 1mZ:: achieved by ha'ViDB a stea.d7 

nOlf of gas goinB outside to the atmosphere, then, -.hen 

required openi.ng the stop valve to the liberatiD& tube 

am clocing the other stop v:!lve for a few seoOllltl. 

'!'he pulse input was n01"lll:llly libc!re.ted over ten or fifteen 

seco:Jds, then, the reverse procedure 1I'l8 applied, closing 

thQ stop valve to the libernt1ne tube an4 openln& the other 

to a1;ml)ophere. '1'0 redu~ the uncertainty or inputti~ the 

exa.ct quantity of ea:; the experiment was performed severa1 

t1me3 wltb dUferent durnti:mz= or tracer eas liberation. 

92. 



5.4 Re SIll ta, . 

5.U Pi tot !'ra;.erse J5ethod. 

J'~ each yeloei~ pr8B£UreObtained 'the nloclV 

.t tbSt point.,.as computed ~ 1:hetormula, and correc~ 

tion .factors .for air temperature aDd .tmospheric pressure, 

.from section 3. !'be oerag9 ... elociV .for the duct was 

c~cula.ted by the arithmetical .... erage of the point 

Yelooit1es, and 'the yolume .flo. rate .as obtained by 

Bll1;lpl:ZiDg tbe area or duct by the .... arage YeloeiV 

as described before tor the circular duct. 

5.4.2 Egullibrlum Concentration J.!ethocl. 

From the theory to calculate the ... olume flow 

rate or air, only the .f10w.te or tracer eas, and the rise 

in concentration to a needy level at the sampling point 

are required. n:te now rete or the tracer gas was measured 

with a rotnmeter which was calibrated for air, so ~ 

correction i'actor was applied as discuseed in i'urther details 

in &3ction 7. 

~ typical ouput from the Oxford Recorder of' 

one of the tests is shown in FiG 5. 7. Table 5.2 shOlrn 

the reeul ts from all the tests end cornpexes the volume 1'low 

rates with those oBtained by the pitot tr<overse method. 

From the plot in Fir,' 5. 7 it can be seen that tle steady 

concentration is reached within the f11-8t minute. J.':ost of' 

the 1.e::;t:: ...-ore run over et lc:nt five lIiinute::; to verify 

thnt the stes.dll condition h:.~<i been reached. 
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Equilibrium concentrc-tion curve for 

~ step input 

'.l'ect tro .4 

Volowne i'l01r rate of tracer gas liberated - 2.}4xI0-6rn3/:; 

Initial concentration = c1_= 

~teady concentration = cs. 

Incren~c '" ca - c1 -45.1 ppm 

ColC'ulated air no,., - O.052m3 Is 



5.4.' ,Decay Bste ltethgd " 

,. !be .re.. lIDIier the 4~ cane was ~ with 
'. . 

a"pi~~ which ws cl'l.1bratecl'to ~'Ye ~b8 -r8sul.t 'in " 

BqU81'8 cent1metera. 

~ WT' a:na or the decay curve 1.s coucentrati21 

or 1:racer gas expressed. 1n pe.rts per ailliOll or air (ppm). 

'!'ha Ox1'ord lDstruIIent Chart Becorder -.a callbratecl in 

absolute tems to corxespoD1 to the a;viag coU Biter of 

the iDf'ra-red gas anal.7ser, alIIl, this resulted in a scel.i:i:tg 

factor or 5ppm per cm. !'he "x" axis depends on the chart 

speed or the recorder calibrated. 1n cm per 1Il.l!1. 

'7 axis IcCl . represents 5 ppm 

x axis lom . represents 60 

chart speed cm/url:n 

5 x 60 B 

chart speeU cm/min.. 

'!'hererore Area(cm2) == ,00 x A. 

chart speed cm/mllt 

Q:V/A 

'l'bererore Q == V x chart speed(cm!min) ~/s 

,00 x Area under decay curve ( em2) 



:0. 

1;1aea am ·tbe. ~ or the three :readhtgs w8 UEed 1n;'tba 

hru.r calculationS. !he no. rate or the ~ I!JU" 

~ with 'the ~'ter 118.8 cor.eetod for mea.su:rl:nE; 

m:troWl ox:1de as previOWll.y _n'tioDecl. ~ 't7p1cal deca;y 

curve is eho1m. in Fig 5. B tar the readiDgsi1dicated in 

the 1;able or results. 

!be four cbief' sourcet! or error 1I'i th the tracer 

eas _thods 1I8re 1-

a) 1'he posdbil1't7 or rec1rculation or 'tracer gas 1I'ithin the 

room 

b) tith the decay rate method. , the dif'1'iculty of' impattiDg 
an exact quantity of' gtt.S in'to the duct. 

c) ObtainiDg a stead,- now rate or 90S nth the rotameter 

d) Callbro:t1ne the chart recorder 'to the electrical" output 
or the infra-red gas a.nal.)'ser. 

'!'he !irt:;t error applied part1cul.arly to the equilibrium 

concentratica method 1Ih~re larger quanti ties of' r,as were 

UGed. with 'the hicher air flow ratcs. '!'his was clearl,- shown 

1Ihen the tracer e;as was sntched or! and the c:mcentration 

did not decay to its initial value. 

~'he dec"ay rate JOOthod wns repeated. several 't1ms 'to reduce 

the 'Uncertainty of inputting an er.ct quantitJ" or "tracer 

(!JiJ.s. Uodif'ications to' the apparatus were tried to in:p*t 

a pul.ce or gas, but none or these 1IU'8 as suc~sS£ul as 

udne the glase stop valvt's. 

96. 
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Decay curve for a pulse input Fig.5.6 

'l'ect No.2~_ 

Cho.rt speed - 25cm/min. Volume or 1120 released,., 4.447xIO-4m3 Is 
Area umer curve (Ghaded area) meacured with a planimeter 

40.4 cm?-
2 40.7 cm 

_ 46.6 cm2 

!..<ean ;;; 48.6 cm2 

Calcul8.t~ dr now ... o. 76?·,3/~ 



. bother error UFOCiatecl with this 1leth04 1I8.S 

o'btainiJ:tg a ~ now rate Or gas'ldth the ro1:eBeter "to 
-~ ~ " ,.,.' ,,"--;'-< ~ "'. -.' ,".,' ' :,' ~- - . 

,create1:be pul.£8 hpat. !his ~s also a problem with the 

equil1bri1lll concentratiOl1 _thoc! aE .'there was some 

fiuctuation with the rottllllOter even't:h~n the needle value 

_s inserted between tile gas cyliDier regulatiDg 'Yalve and 

'the rotameter. !.'be chart TeCorder 1I8S ca1ibrated 1Iith the 

gall ana.lJ'ser at nearl,. 1'ull. scale c1efiection and tilen 

checked at 'Various other readings, but, there was 1:be 

\mc·rtainty or caaplete con-elati ·lll. 

'!'be errors.resulU:ng fram the pi tot-static tube ware or a 

similar Dature to those erisillg wben the electronic micro-

III8J'lOrII9ter was tJBe(: to me:JS1lre the air flow rate into the 

experimental room. As previously mentioned fluctuations 

in the velocity rreer.ure readings resulted from the 

instrument belDg UIderd8l!lp8d. 

5.6 ConclWliOl1 

!'he gra;ph or the air flow rates by the pitot 

trav-·:-rse mef.hod ~ir.st the lOOatt 'Va.lues calculs.tad by the 

two tracer gzu: IIP-tbods, shows a distinct devia.tion from the 

ideal straiBht line. !'his has been concluded a.fter several 

tests at ea.ch fiow rate f'E shown in the tables of results. 

!l'h1s III8Y be due to systematic er. ora resulting from the 

instruments or ducbork cyctE!m Pf; p!'CVi.ously menti-:llled. 

The curve jointine the mean dec~' ~cfints gives 

98 • 



~ .~ation ~th ·'lbeclatu. l.iDel'rom 'Uel1D1'IM*"::"i2 

,'.:.' ~ers~ ·~~t than 4oeatbe,canef~t~,~.~~"~,,, 
. ~tl'&ti.aD poillts. :Aa more -tracer gas !laS:tO. ~aril"'" 

. ,- . ·:,:~'(~"t1;~; i,· 
with the step input, 8Ol:I& recirculation or the 'Ps nth1U 

'~<·"'''I'--''''''~'''''. 
the e;yetem would explain why the calcul.ated· air noW 'rate. 

. . ~: .. ::/Jl~ 'i 

Qstems, DO ccaclwdTe explanation can be 1IIade .as 'to ,WIQ' 

-the 'tracer gas .,tbod 1I8S TeEUltiDg in lower Tol~ now 
rates. What is end_I.: is the speed or each test·~ 

.L .'-
1d. th the conveation .. _1;hod, especially with the p1l.Ee input 

'Whieh only took a .tter of ~eeOll,is to ])"n'form. !bia 1I'OUl4 

be particularly illportsnt it -the airflow to be. measured 

had periodie fluctua:tioJl£. 

... 

" 



k ~·c· . 
. 

Damper !'eat F8D~ Pltot trsnn $e JCaan Dniation Yol. air 
Do. ( ) positioa (16 P2iDts) about -.a flow "~" (I.) (;.3/8) - . (-'/s) .~ ~. DO. 
1 2 ~ 4 5 6 7 

1 940 51 0.049 . -0.001 
0.050 I 

2 940 SI 0.050 -0. 

I W-0.000'j , 940 150 0.182 o. 
0.182 2 .. 940 150 o.tar -o.OOt I 

5 940 254- 0.358 
am-o· OOO5 I 

+0.001 I 
0.357 , 

6 940 254 0.355 -0.002 

I llD-O.OOI5 I 

7 1940 200 0.546 +0.001 
0.545 j 

8 I940 200 0.544 -0.001 

i JID-O.ool 
I 

9 1930 255 O·UI I -+0.001' i 0.730 5 
10 1930 255 0·728 -0.002 

I 1.$-0.0015 

rID - !~can Dc'\'l.Etion 



_C~O_::Ip-:-erri~!_On_"_f _me..,." t_h_od_fl_of_tne_a_sur-.iM __ d_r_t_l_O!-r-r'_t_e_i_n_.~~u:::Ct~B~. ~--r __ !:E9~ui~1~1~br1=um=c~on=c=.n=tr:=e.t=i=on=u=d=ng~tra=o~.r::· ::n~-'~:::W:' ~P:t~1;O;' t:::. tu::;be;::me:::t 
T9!!t I Vol. air Vo1 flow rate ca. - ci Vol. flow rate J.!ean Deviation Pitot traverse De.,. ot. Q. ." 
:To. £1"." trager gas·V air aQ • v/ca-ci about mean (16 l!ointe) with 001. 8 DiU. 

,ref. no. 10- -0'/£ ppm (IO-6) m3/s m'/s m}/a . ; 
I I 2 3 4 5 6 7 e ' 9·, to 

I7 
IE'­
!? 
2~ 

I 5 

;!!ble 5.2 

25.08 
25·0a 
3I.2' 
37.70 

J 4 



-
Co~er~!on of methods of mea£Uri~~ air flow rate in ducts. Rat. ot deoal using tracer gal m1 pitot t1-"ver.t metboc1. , 

Uean ! Deviation Test'Vol. eir now rate Dura.tion Area under Chart recorder Vol.flow Pi Ut tra'tlft'ae DtT .. of Q " ~:o. i now tr!!.ger gas of input CUl'V9 speed of W. Q about mean (16 point.) , with col.10 Dur. 
I ref.no. to- m;/a s cm2 cm/mm m /e m'/I m3/s " , 

I i 2 :; 4 5 , 6 7 8 Q 10 Xl %2 .-, 
I ! I 4.55 10 6I.4 I 25 0.062 . .() 
2 i 4.55 10 6;.9 25 0.059 .0.003 
~ ! 4.55 10 59.2 25 0.064 +0.002 
4 I 4.55 IS 89.4 25 0.064 +0.002 , 
5 ! 4.55 15 95.7 25 0.059 .0.003 

+0.012 24 0.062 J.U)IIO.OO2 0.050 .... _-
0.160 ~;ooo G I 2 1;.0 10 67.7 25 

i I 1;.0 10 67.0 25 0.162 .0.004 
e 1;.0 IS 98.2 25 0.165 .0.001 , 

i 
I 1;.0 15 97.6 25 0.166 0 i 

, 
9 I , , 

I 

10 i 1;.0 10 60.8 25 0.178 .0.012 .Ototl! ' 9 
I 

0.166 l!1)eO.OO:; , 0.182 I 

!I 1t 1;.0 ,15 49.8 25 ' 0.;26 _ ., .. ...0.025 ' ' 
" I2 

I 
!;.o 15 55.3 25 0.294 .0.007 . 

I; 13·0 15 55.4 25 0.29' .o.oos I 
! 

14 I 13.0 10 38.9 25 0.278 .0.023 
15 I 1;.0 10 ;4.6 25 0.;1; +0.012 

I .. I 0."01 1~0.OI5 o. ~51_ -0.056 16 
I6 4 44.41 g 4· '( -r 0.473 .0.043 
17 44.47 21.2 5 0.524 .. 0.008 
16 44.47 IS 20I.4 50 0.552 +0.0;6 
13 44.47 15 I07.6 25 0.516 0 

0.516 J.!D-0.022 0.545 .0.029 5 
2) 5 44.47 15 82.9 25 O.~.,o- ';O.O:;I 
2! I ,44.47 10 55.4 25 0.669 .0.0;2 
22 

I ' 44.47 10 48.6 25 " 0.763 ' +0.062 .. .. 
0.701 J.!D-0.042 0.730 -0.029 4 

.. 
iHe~ 

- ... -.-- .. ~ .. - .. - . - --.. ........ ---. -- . . .~ - ~ . -- .... . .' .:, ' . 



Yol.air flow ref, Ho. 

o. I 

0.6 

.,. 
• I: 
f/) 

0.4 
0 
0 
:t: 
t-

, 
~ // Cl , ./ 
0:. 0.2 /./ w 
v './ < ./ "0:. 
t-

o. 
o. 0.2 0.6 O.B 

Pitot traverse method m3/s 

Fie.59 

+ - }jean equilibrium concentration points 

x = l!ean rate or decay points 



6.0 General Conclw;ion. 

; ·or 1;ba Uo ~~ ~1I8aSU1'~ yenti.l,a.tiOl1.rate 

.;iJlroo.s, .:tiIe:rate of deca7 wetbod requireszelati'Y8~ .lUUe 

.. >t~ -to give. result or the a1rchaDge rate in an ItDClosure, I . 

asSUllli.ng per!ect IIIixiDg am complete air changee. P.reYious 

re~bPs using nitrous oxide as a ~cer have er:timated the 

\lDCerlainUes of the _tiled er. being 'Up to - ± I~ in 1'1eld 

comitiaos. !biB degree or uneertainV 'lr8 found when comparlDg 

a palr;e inPut r4 tracer gas with tbG pUot travel-se ~thod in the 

experimental room. 9ds is as~ Tery few schematic ttrrorII 

with the pitattraveroe technique, wbich Wll!! taken as a datum. 

!'his piece or work hB£ sb01lll how dl£ficul t it i.s to eccurate17 

Jlll9awre low ventilationmtes. 

Further co~lications were iavolv~d When i'ield 

teets _re performed in othr:r rooms with additiotUll variablf.'£' 

of the ext.·ruel, weather comitbns. Without more extensive tet:ts 

to eliminate the ranlOlll nm .,cematic uncertainties, no 

conclusive result can be 'dra1iTl as to why the i'ield tests to 

measure i.he ventilation rate ere BO much hie;her than the 

c1uculation method recomnended in the lB\'E GuidE:'. 

All t~ v~ntilation rates have been c~lculated 

asnuni.ng p"rr'-ct mixill,:; of thr.- tracer ga::: end air, within each 

rocim. 1'his'il1 probabl;r n corleet ar:GUr.1ption i'or relativ1.ly cmaU 

roolllS with mcchanic!ll. mixine;, but for the lax-ce laboratory ro/H/I'J 

even with three ren~, this may have been intmfficient mxine· 



m:trous oxide iD .. roam bai! abown 'tbat results are ruascmahly 

repraducabl.e. prortcliDg, suf'.t'lcient mecbaDical a1x1Dg is p:r."e&ea:1; 

in the room and: the eXtei'DAl nriables are cim:Uftr. 

!'be 1ni'ra-r<::d nas enel,-ser easily detected 1011r 

concentrations (0 - 100 '[Ip!II) of' nitrous Oldde, and t.'dB re~ulted 

in small quantities of' the gaLl beiDg uae~!. lfitroas oxide is a 

INi table t:re.cer gall as it is eas~ obtainabl e, and has tile 

advantage oYer 1IIImY other tracers, or beiDg DCa toxic. and no:G. 

explosive. 

'!he work in Section 5 on measu:r:iJ1e air fiOl1r in 

ducts using a traCE:'r gat: J:lethod illustra'ted how IllUCh quicker 

the volume .flow rate could be cE.lculated compared nth the conv­

entional method 011" udng a pitot-static ~. In vie. of' th<:? time 

involved in accurately JDeasuring the air 1"10. in ducts u:::ing 

conventiont'.l m' ·thod s tbt> tracer gas techniq".J.e could have 8,.'1 

exciting future in the Building :':errlces hdustry. 1'he main 

disndvant~ is the hich COEt 011" the infra-red gas analyser. 



7. Schedule or Apparatus. 

),lodel A.AI ~OO !)je 11' ~ Jro~BI 

Uanure.ctured b.T ~ir Boward Grubb Parsoas end Co Ltd. 

Specifica tioru::. 

Weight .:. .~'tel,. 2~ 

Ban8e . - Bi8b sensitivitY - O-l:ooPPa .. Iv or lltJ h )f2 

Low'SeDSitiTiV .;. 0-500ppD .. Iv or " "." " 

!'his particular non d 1~1vCl infra-red analyser hu 

been desigDad and calibrated to measure cODcen1;rat;iOll levels 

of altrow: ox!d". l!easurement or ~ absorpUOI1 or in!'l"a-
t 

1'E!d radiation enabl.e~ the quantity 01' ms.D3' gaMS in a 

complex gas miXture 1:0 be 1DEl8.sured. in this way. The 1'unction 

diagram of the e,re;lyrer is Ulustrated in Fig 7.I 

I.R.source 

/ lu...J ", ___ Reflector 

----___ __ Rotating shutter 

Fil ter cell ~ 

Analysis cell_ 

~tcctor 

~ Reference cell 

- -c.r.---

-

Optical 1'11 tars 

I'Crforated metal 
diaphragm 

106. 
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1;.0 lmm: or infra-red raclla.tiOll or equa1 eneX'g7 are 
,. " ~ • c • 

~terl'1lpWd by a rotat1Dg 'Wo bbd~ chopper driven at 

coastmt.epeed tddch allon the bemDe to pass 1Irtt:r- . 

. mttentl.7, ~:wt, :a1Imltaneoasl7 4 en ~(cample) 
cell as~n.bl.7 a!Jd ... lI8%'8l1elrere~ee ee1.1, am onto a 

Luf't:pattom detector. T'.oe referezace cell is normally 

tilled with dry carbon dioxide tree air, c1rcul.ated by the 

pu1IIp'"\hroUeh an absorber. !'he detector consists of 't1IO 

sealed absorption chambers separated b7 a 'thin aetal. 

diapbragIB. !'his diaphroem with an adjacent perforated 

metal. plate, tonns an electricel ce.po.eitor. The 't1IO chrun~r.E 

are £Uled with the gacto be ti-.sted GO that the 'eneTg7 

characteristic of the ga:; to be ll\e9.~ured 1.:; selectively 

absorbed. liben the £Mlple is pasced throue;b the analysis 

cell, the mea.surcd BS-S present ab!:orbs SOIIII!I of the energy 

to which the detector is sensitiEed, resulting in an 

imbalance or energy caw::1ng the detector diaphragm to be 

deflected. and so c·~ the capacitanr-e. ~c out of 

balance mode is cor:::-eeted so as to be proportional to 

theo:mcentration or the f:ample and a corresp-:mdine reading 

is obtained on the meter end an electrical output is 

p::"oduc~d. 

Another gaf:. alco present in the sample, will 

not a1'!cct the rcm1lt unless its absorption bands dlieh 

overlap t:.ose of the ga:: being determined. Filter tube& 

arc fitted containine the interfering gas wldch m:nindzec 

the enl.et of these othC'T ~r;cs. 



!'he'length of ~abSorptiOll't;ube i.s ilesigned -j'or tho~8 

being detected; eDl the concentratiOn required. 

Normal Operating Instrnc~on. _ 

a) Switch on.,aM. check that function mdteh lE in operate 
position which activates the pump and chopper. 

b) Allow ,instrument to settle which norJll:l.lly takes 45mins 

c) tet to sas eensitivit,. rcquirr;d as specification. Nearly 

all the uperi.mante.l work was carried out ud,ng the high 

sensitiviV range. 

d) nth suitable non-absorbing gas flowing in analysis 

cell, check sero setting. Set zero control it neces~ &:rJ' 

Ordinar7 air was 11Sed for this but carbon dioxide free 

ox;rnen, o:qgen,nitrogeil or any gas that does not absorb 

infra-red radiation could bave been used. 

For further details such ne ga& connections, zero unobtainable 

minimllDl adjustement ate the manual eupplied with the 

anal;yser should be consulted. 

Calibration 

As this particular inf)a-red cas anelysor 1I'ae nearly new 

and the "fine gain" control bad been calibrated b:l the 

llllmUfact\:rt:lrs it 1r.l El assumed to be corred, es~ciftl1y as 

thel1l was no available sui table ea& mixture to test the 

instrument. 

'1'0 ,beck c l1br:,tion a teBt~ould be introduced 

into the unal.ys(!r to Cive bot1'/een 50-IOO~ F' .E.D. for both 

''bl,'':h'' nnd "lor:" cansitivity settines of the concentration 

cnitch. 

:roe. 



109. 

From the ___ "IIe':1e tmd the c31.i.bration chart aDJ'1.IIII8l.1 

errors· ishOUld be conecW .'cordiDg to tbe apprOpriate 

1ftstruc1;iOli1n -the operatiDg..wel. 

7.2 Chert Recorder 

OxtordInstruments ~OOO Chart Recorder 

"lbe six way. plug at the l:'(·ar.or the infra-red gas analyser 

provides D.C. output or zero to five ... olts £ar a potentio-

meter recorder. 

'!'he potentiOlllBter Recorder could be sWitched to 

provide a suitable censitivity jrom ~e enalp:;er output. 

'lbe recorder could also be calibrated against the meter scale 

or the analyser to give an absolute reading ar plot of the 

concentration as required. '!bere is a ~ of cb3rt speed 

£romlcm per hour to 50cm ~'r minute giVing ample ranee £or 

ell the tests. For further details or calibration em 

adjustment, the oPCI'llting manual should be coru::ulted. 

Anothor chart recorder used for only one vcntil-

ation rate meenu.rement wa::: tl--"] followin.-o; 1-

Level Recorder 'l'ype 2305 .. 
r~nufactured by "Bruel and Kjoer" 

This is a much ~ore Eophicticatcd record er ,with the appropriate 

Loeerithmic Ranee Potentiometer which eivcs a straight line 

f 
output in this coce, consi.'ernbly red}'ced the time of 

fUl8l.y:::ine tIe reau! ts. '!'he recorder Yn::: only used once 



'because on subsequent tests, the two recorders ware 

Co."Ul8Ct8d in parallel to tilE) OUtpu.t: or the gas e.nal7Ser 

which resulted in OYerloadiDg the anal7Ber •. Also tbe1evel 

rc'corder weighs 25kg which lIBkes !.t unsuitable for field 

work. 

1.; J.acrouanometer 

Electronic 1!1crpmanometer !!DC 

lfanuf'actured b;y -Purneas Controla Ltd" 

~e 1!DC lticromanomctE>r is a seusitlve pressure measuriDg 

device capable or ~asuriDe a gas pl"8ssure equivalent 1;0 

0.001 mm wg to 1:0 IIIIl ~. It has five ranges wbich BJ'8I-

O.OOI - 0.1, 0.3, I, 3.0, 10 (mm~) 

The instrument is fitted nth a linear £cale which cnn be 

read to 0.5~ F ..... D. but as it is under d"mped tile fluctuation 

of the meter net-dle NSul ted in a lcnrer at'curaey than could 

have been achieved with such a mi(Tomanometer. A dtIJIlping 

ETd tch if: prov IdE'd which increase!:! the time coru;tan~ or 
the measurinG circuit, 'but even rith this, in the "doi< 

Fosi ti on" the meter Yl8f' considerably fluctuo.t5.nc; and tIle 

obcerved mean T:!~ acsumad. '!'be :iru';tI'umcnt har: a \';;.-1'111 up 

tirJr:) or approximately ;0 I!lin:::, but it ('all be· \Wed dUl"iD!:, 

this period if the zero ie cl!ecl:.ed occ:8.s1onaly and ad;ju:::t.cd 

accordin.".ly. For further l:etails or the op rfltinc and 

('oli l:.rntion ef the jnrtntnlCnt, the in:::truction t:2nUDl 

::hould be com:ulted. 

V C'rn i r.l" R ... pc1 i11;'": J.:irTnnf\ nonet'-'x:. 

Y.:e.nuI~',ctttred b:l "C··. Ce::ille rnd et') Ltd" LOT on 

no. 



c) Electrical vane ~ter 



the ca11bration 01· :the electronic mlC1"OU18l1Omebrr .nuf'actured 
:: ... -'{ ~ • ~. ;, 4 ."" .. ~ ." 

by ''Fu:rnem:; {;ontrols. , 

~e 1nGtI~tconsi8ts of a flexible"U" tube 
, 

manomotsr with DOe end connected toi·a reservoir aId the 

other -to a llleamlrinc cheJllber. l30th t:he chambar a.'Xl reser-:. 

"Voir contai.n.1n& water JD8.y be moved vertic&ly and the 

movement accurately DJe:lsurcd. !'he ... ~ cb.'Ullber 

contains a stainless rieel MOdle wU.ch is fixed I point 

upwardz: aui -the needle and ita %'Onection, produced by 

intP.rn3.l reflection, can be viewnd at 450 from a window 

in the bottom. llhcn the tip 01' the r·flection just t(,UCMS 

the tip of the needle, tlr. needle i~ just in cont:Jct with 

the underside 01' the water . suri'a<-e. &, the position of 

the water surface 10 accurately determined. 

Tne vernier manometer was only uced for ciJecki~ 

the cali~tion of the electronic micromanomater and ~~ 

not u~ed for taY..in,~ r-ead in...."'"S 01' velcei ty pres~, from 

the pitot-static tube trvver~· s acro~s the duct an the 

former if: overC.!:!'mpcd r.hich rel:lUl tc in a lone del"y between 

rcerl in . .,,:;. The. VI 'rnier is more dif ficul t to l'(;:>d than e. 

mater dial o.lso rosultin.,: in a lo~ experimental time for 

each pitot tuba ponition in th~ duct. 

7.4 ~mok9 "p.n<lrator fyrt .... m fe:!' now V .... ntileUon in Air. 

H P L D i J':Pllulucturcd by "~.I..r.!. En.r;in':(:ril\~ Ltd" • •• c::; e;n. 

III. 



. ~'.~'\{ 

patte~s h the' experimental room. With this pariicula.r-
r ~ ,"=:'; .. ~~ , ... .. __ ~ .... ' <{,,\ ~ ""''"'...: ' ~~ ... : •. .. . 

smoke, geaerator oil is"r~ >~ a aall diameter' 
- - ,'-.- - -- ,,- i- --. t 

tube to the smoke pDCibe which has sp. integral electrical 
• 

heat1nl: coU Ylhich vaporizes the oU iDaediately before 

the exit ori1'ice. The vol\Jlle :tlow rate 01' sm:>k<? is c!'mtroll-

able according to the air veloc:i:ty beiDg traced. 

7.5 Rotameter 

Gapmeter Lab-kit Any :tlow £rea 25 1;0 1:00, OOOcc/min Air 

llam:rf'actured _by Platon Flow Control 

!Ale tota.meter consists of a long graduated tube 

havinr; an internal uniform taper, nth the cmaller cro~s 

ooctional area at the bottom, and the axis of the tube 

vertical. A float shaped accOX1ling to the flo. rate and 

den:::ity of the fluid to be measured, moves freely within 

the tube. Ao the rate of flow throu,'!h the instrument 

increaoes, the .float ris-:-s 'in the tube increasing the area 

of th~ Snnular f:p.'1CC end keeping the differential prec~ure 

flcrass the !loot nt Fl. fixed T"cilue. 

!he rotamet~r used in the exp~rirnontal work arc calibrated 

for air at normal tempcr3ture and prer.sure. (20°C, 1.01; bar) 

t'hen the rotameter vm:: IDca::;urin.1 nitrouc oxide at (J.'1'p) 

atmosph':ric pr-:Sf:.urc and temperature (20°C 1,01; bar) 

tht' ob~crvcd nor. rate 0_ • ce/min \'f8.5 corrected for 
"UN, 

ni troull o>:ide b;y .) 

Q OBS 

U2 • 



=- Corl'eeted flow rate for nitrous oxide cc/min 

:= Observed, .,>: .. !, calibrated £or air 'CC/mm. . ' 

-De:aaiV otlfitrous Oxide at ATP (kgja3) 

• • Air 

Q CORn ... /1.W x Q O~ 
1.96 

= 0.780 X Q OBS 

" '. " 

As the density or the float is eo large compared with the 

gases involved, the J"ormer can be necla.cted and no fur ther 

factor ie uecessBr7 in the Ilb ove calculation 

7.6 l~i3cellaneouF. 

ttrobatac ~ I~3I-A 

J.Ia.nufactu:rcd by General Radio Co 

I2" Oscillating Blade ~weep Dank Tans 55 'We.tta input 

J.bnufactured by liB. Frost and Co" - 2 orr 

Fa..'l j or expcrim('ntal roor.J 

25Or.m dinm Frame motor no. F 844 

Electricru. Input IOOW - output - 5001 13(',0 rpm max 

r.~.nUf8Ctured by "Yioocif:" of Colcheflter. 
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