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Introduction,

Genersl Introduction,

Both the measuresent of ventilatien rate in rooms
and air flow rate in ducts ave very difficult to measure
accmiely in an.y Mustrial aituation, but each is required
for the desi@ and functioni.ng of any heating aul ventﬂation
ordrcmditicmd installation. The use of the iracer gas has
‘been the most popular method of messuring the matursl ventilation
into a space since "Roscoe® in 1857, illustrated the diffusion
of air from a closed room by liberating carbon dioxide and
then measuring the rate at which its concentration diminished,
In recent years nitrous oxide has been preferred to carbon
dioxide as u tracer gas, especielly with the development of
smaller, more accurate infra red gas analysers to measure tlhLe

concentration level within a spece.

The possibility of wsing the tracer gas
technique to measure air flow in ducts has been invertigated
to compare the results with the conventional traversing
tochnique. Thiz method of measuring eir flow has been used for
meny years in other fields such ac measuring eir flow in coal

wines end liguid flow rate using trecer substances.

Infiltration snd Natural Ventiletion.

Infiltration is the fortuitous leakage of air
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principelly due to s-

a) Wind prescure, particuhr‘ly on tall mildings

b) Stack effect

¢) The temperature differentisl acrose the building

d) Building comstruction, particularly winiow type v‘and ax~
ternal doors | . | |

e) The entry of the occupents of .the btuilding

f) Externsl shape and dimensions of the building.

Watwrsl ventiletion ie the air flow
regulting from design provision such as openable windows
and ventilators which can normally be centx'oued- by the
occupants, )

As both of these air flows mainly depend on
the exterior climate of the building, their eir interchangs
can only be estimated assuming a range of meteorlogical
conditions, Therefore, megsuring such quantities can only be
correct for the outside conditions existing at the time of
the test. Although both infiltrat_ion ernd natural ventilation
are very difficult to accurately estimste, they have to bts
known, not only to calculate the heating or cooling require-
ments, tut also in the determination of the quality of the
8ir within the building when such factors es relative humid-
ity, carbon dioxide level, and contaminant concentration are

significent criteria,

vii.



“Peponding on the working enviromment, the

Infiltration rate may be relisd on's= sn sdequate Llow of -
ventilaiion ean nrovide a srusvanteed i-:be of air interchange
und ey "all ca:ﬂitions. In thh age of fusl economy, :I.nﬁltraﬁon
should bereduced toaninim-to cnt dowmn on fuel coeta
especially during thc hee.ting season 'h.m, due to advme
mthu' coniit:ona. infiltratiou !1.11 p:rohahly be nt ita
highest. _!he quantity of fresh sir required depends on the
following factars -

a) Provision of s contimupus supply of oxygem for treathing.
About 0.2 1/s is sufficient to sustain life, -

b) Removal of the products of respiration and occupation.
Only I.0 1/s per person of fresh air is required to
prevent the carbon dioxide produced by respiration from
increasing the carbon dioxide concentration in the gpace
beyond the threshold limit value,

However the dilution of odours by outdoor air
supply is much more significant and depends on the occup-
ants and their occupations in the work spece.

c) Removal of ertificisl conteminents produced within the
ventilsted space by process work,such as water vapour
created by cooking.

d) Provision of sufficient ©Xygen to support combustion,
particulerly in industriel situstions,



moet the four above listed requirements depends on the diver-
sity and density af occupation in the space,

" From tsble B 2,Y in the I.E.V.E. Cuidé (2), the
statutory minimus volume of air space per person in factaries
and offices is IL.5z> anl the corresponding minimm outdoor
sir supply is 4.72 1/s per person. Although howsver, one
would not wish to design to the sbeolute statutory minimm

aspecte which have not been mentigned.These include pointe
such as human comfort which can be greatly improved upon hy
“air freshness® which requires much greater ventilation than
the above minimum., However, if the rate of infiltration can
be reduced to a known minisum snd the remainin{:freshau‘
requirement introduced mechanicelly, a more comfortable

environrcent csn be created,

_ Ratursl ventilation cen be used during the
sumrer to reduce the heat loud of the building, if air
conditioning is not installed, So,"s summertime temperature"
cen be produced within the bullding,if the quentity of air
flow into the space is known,so as to evaluate the internal

conditions,

Thie gives en indication of how important

infiltration end natural ventilation are in the designing
of building services for an enclosure endalthough it is
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very difficult %o measurethese quantities escirately;
becaues of the large mmber of vorishles, most of which re
thece quentities using “the tracer ges technique, Indeed, it -
1s very difficult to pee what slternstiVe method could rival
it for ense of prolucing resdings in the fisld.

Synopeis of Section Comtent.

1fhe objective of t!’;_is plece of resegrcl; was to
exanineasmn&téchniqnesasp&saihleofusingthe&acer
gas ..atnaa. Owing to the limited fime permitted, this resulted
in sore areas not being as fully investigated as one would
have 1iked,

The project has been divided into the following

sectionss~

I. A summary of the more commonly used concentration meagur-
ing techniques and of some other methods that have been
used or sugmected.

2. As nitrous oxide wes used in all the experimental work
ite diffusion properties were considered in romw depth
and comparisons mede with other gos systems to see what
influence it might have on the results.

3. Several methods of liberating tracer ges into the rToom
were examined and the results compared with the sir flow

rate into the zpace, messured by the pitot-static tube.



4.

The ".uﬁeof‘decny ® method of liberating tracer gas into
nmmtuheomtlynsedtomamtbeventﬂ;uon

"nhin.mdmunlﬁemteempand‘ith

5e

6.

T.

the simple infiltration ectimstion technique, and empirical
values from the I.E.Y.E. Cuide {44)

In view of the many sources of error in conventional method:
of air flow measurements, the tracer gas wethod was urced

to measure diffez;ant air flow rates in a plece of duci-
work and the results compared with'the pitot-static tube
readinge.

Lshortaccountotthecomluaimreachedfromﬂxé-hole
project with a mention of further research required.

A brief description of the apparatus uced in the exparim-
ental work and in particular some details of the function-
ing of the infra-red ges analyser.
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T. A Short veview of Tracer Cas Techniques,
. L,X “Iniroduction

vontilstion Té#tes in Tooms and s Wrief description of the
different gases with their sssoclated instrumentation is
fncluded in this ssction, All the experimental work for thie
plece of Tesesrch was performed uaing nitrous oxide as the
tracer gas with n infra-red gas snalyser messuring the -
concentration,

The eerlier work conducted at B.R.Se in 1927 (3)
des&i@s how the"ventﬂ;t‘ion rate of a room was determined
by measuringithe increase in COp resulting from the burning
of three standard candles, for three hours. The carbon dioxide
concentration was ectimated by absorption in barium hydroxide
ard titration of the excess with oxalic acid,

Stean or increased moisture content of the air
was later used as a messure of ventilatiocnmte, but this
was found to te umsatisfactory due $o absorption of water

vapour by the walls, furniture etc,

Besides the preliminary experiments, most of
the earlier work was performed by using either helium or
hydromen ac the tracer,snd mrasuring the concentration with
& kathsrometer. This w:s the basis of J.B. Dicks research work

(4), which wis presented in a papee of I350. In this he describes
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8 method of measuring ventilstion rate in e house with =
nunber of these instruments. v

Since those earlier days, many methods have been
used for meaguring tho ventilation rates in rooms from
chemicel enslysic and infra-red sebsorption to raiio-active
tracers, besides may more. In all the techniques accuracy
and convenience of use of the measuring instruments are .
important and automatic analysis giving immediate estimations
are an alvantage with short experimental times. The most

common measurement devices are described below,

Concentration measuring Techniques.
I. 2
&&tharometer.

The kathsrometer measures changes in the thermml
corductivity of the air-tracer gas mixture. The instrument
ie escentislly s Wheatstone btridge circuit whose arms are
platinum filaments as shown in Fig I.I

.
} —WW

Firr I.I The Kathsrometer
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Aandlmmhcms,mtmedﬁthunlmm
end the other ome open to the saxple being examined. ‘Both cells
mma-dﬁcomuocktomaammtm
mehwmsmtﬂmtemnm
hy about 15°c, themcttenmeratlmaanlﬁw;'efoﬁ the |
resistance depending on the hoat lo:s rate in the cell.
mthrmxghceunnmhmmhalancoethehrﬁge

which resulte in a deflection of the galvonomster and this

can be calibrated to be a measure of the tracer gas concent-

ration.

The calitration of the Ketheromoter is normally
linear over a wide range of concentrations, depemding on the
tracer gas used, Hydrogen is a popular tracer gas with this
instrument as its thermal conductivity is seven times that of
air, Other gasos suitable for use as tracers include helium
end carbon dioxide which, although they produce less of an
effect with the katharomster than hydrogen for a given
percentage of gas in air, have the advantage of safety in

occupled speces.

As all changes of air compocition will affect
the thermasl corductivity of the mixture, gases and vapours
which a:1e present , but whose concentration may vary, such
88 carbon dioxide and water vapour must be removed from the

samples. fthis is achieved normslly by drawing the gas inio

the instrument through one or more absorption chambere,
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Saversl di.udventa.ges with tids instrument are,
mw@cmmﬁmsdmmmmddfwd;m
‘nmﬁ.ﬁxlgdtogenminitm ccmcntnt:.onnf 0.21;00.%1;
s “aritt of the sars vhich “has o be checked frequemtlys
lui the mmt in ltf.cted by teuporatum clnngea ‘lw
this canbelinhdzed.

\' L Ee A

b)Chemical Analysis,

VYarious organic vepours have been used as
tracers, mixed with ¥oom air snd the concentration meesured
either calorimetrically or by PH changes, Visual colours and .
matching of them is perhaps rather inconvenient, but photo-
electric methods are more sensitive end reproducsble,
*Lidwells® appa.ra.tns for nemn'ing tra.'bafer indices using
acetone (C3Hs0) and pH chenges, was quite simple but the
reliability of the estimates was poor.

*Horonha's" paper (5) on a proposed method of
measuring the rate of air change in factories using ammonia
in small quantities ac & tracer alsc measurel its rate of
decay by a celorimmiric method. Concentrated ammonis solution
was sprayed into experimental rooms and contsminated air was
sampled through dilute sulphuric acid with a smell quantity

of Keeclers Reagent. This gave & yellow appearance, depemding

on the quantity #f ammonia absorbed.

Bj comparing the samples with a standaid concen-

tration the quantity of smmonis could te found. Foth mcetone
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latter is toxic with & meximm top limit of I07°% &y
volume whilst the minimom concentration of emmonia
detectstle is approximately Io°4.¢ by volume.This results -
in only a smell working rance.

In an earlier research paper by *Lidwell and
Lavalock" (6) -mﬂmr-ethod udesu-ibod in which the aam
princ:lple ia gppliad A highlyvolatile chodcal tertiary
butyl !vpochlorih is evaporated into the air of the room.
!!d.siaallowed todisperse. Adrapafanotheraolntiono-
tol:l.dina and benzoic acid in pctroleu- ether and chloroform
15 plucedonaﬁlterpaper. The O- tolidine reacts withte
butyl hypochlarite in the air to give a blue colour on the
paper, sxd the xate of develoment of this colour is
proportional to the concentration of butyl hypochlorite in
the air. From this the air change rate can be deduced.

c)Infra-red Absorption.

Leugurement of the absorption of infra-red
radiation ensbles the quantity cf many gases in & compEax
eas mixture to be measured. Carbon monoxide, carbon dioxide,
gulphur dicxide , methane and other hydrocarbons and vapours
of water; scetons, ethyl, elcochol, benzédne and others may be
mepsured in this wiy. Oxygen, hydrogen, nitrogen, chlorine,

argon and helium do not ebsorb infra-r~d redistion end sre
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" calibrated for nitrous oxide and used fin this piece of

renesrch wark ia dearribad in mare detail MBGMT.

' Although meny gases can be used with the infra-
Ted gas snelyser, in rcocent years most ortheresea.rchtov
meagure ventilation rete in roomc bas been performed using
nitrous oxide ms the tracer gas. One of its main sdvantages
is the smll concentration uh:lch&et}otectorcanfe;;poul to
{one pert of nitrous oxide in a sillion perts of volume by
air) This method hes been used for meesuring the rate of
ventiletion of large rooms and other places where the
katharometer couvld not be used owing to the large amounts of

tracers required,

d)Radio-pctive tracers

The increased aveilability of radio-active gases
in recent years has provided scveral new easily detected
{racers suitable for mixing with eir, Of the redio-sctive
gaces aveilable, krypton (%9kr) is the most p;.sp\ilar since
sdequate rensitivity can be obteined without exceeding the

moximim permizsitle radistion dose.

Moasurements of eny of the three ejected producte
of radio-active decay, normelly =y B and ¥ perticlec

may be made with Geiger counters or acintillation detectors.
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awmloorrectiomm to be made %o the readinge
whichare pcculinto:ﬂum*dradlo—activn tracers,such as,
-‘taehcturvﬂlbecpaﬂ %o ‘background redistion when no redio-
active gas is present. The radio-ective decey of the tracer
'illcansennen-orinthe apparentventﬂationra:bethich
cen be corraetod forand will hasten the rcduction af the
wtiﬁtytothatmmdforthemmt. Argon -4I is .
mthupmmthismpoctnithaschlf-lﬁadmly
TI0 mimutes. Krypton —€5 is mach more stable, having a half
1ife of 9.4 yoors. *Bvamsend Webb™ (7) who have recently
sexemined (I97I) the use of redio-ective trecers in weesure-
ments of ventilation hsve shown thet the accurccy cen be
better then T3

e) Other Messurement Methods

There are rome other tracer mentods which
heve been used or suggested, btut most of them have serious
disadvantages. "Dufton and Marley (1334)" (8) investigated
the practicability of mearuring the rate of dissppearence
of weter vapour using a hygrometer swhich had been liberztied
into the room. It was found that in 2 ordinery room many
hours elapsed before the wells ard furniture ceme into
equilitrium with a chenged humidity. In eddition to
hyerometers ard wet and dry bulb thermometers, several other

techniques have been used to detcrmine waler vapouxr content.



Mimlﬁantuﬂdxwhmlbmco thermometers, wet
and d.ry hJJ.’b ﬂm'lneonplu, in!ra~red ubseurption, m
transducers and humidity sensitive cepacitors and resistors, .
and electrolytic methods. '

‘Comperison of different methods

From *Hitchin and Wilson's" (9) comprehensive
review of the different typec of tracer ges wethods,in
which they conclude that helium,with a katharometer as the
measuring device, is the most fevourable gee, In the absence
of a high temperature, nitrous oxide, measured by infra~red
analysis offers a ':lder'range of usable concemtration, but
hydrogen, measured with a kstharometer has much the lowest
cost and a range of concentration similar to that of helium.

Radio-active gases were c?onsidered as tmaqita‘ble
owing to the mavimum concentration of gas allowed in a Toom
which would render most measw-ements unreliable.



2. Simplified d1¢%sim theory of Gases.
2.1 - Introduction.

Diffusion is the process by which matter is
transported from one part of & systexm to enother as & recult
of raniom molecular moticns. As euch it should not be coufu-
sed with convection, as the former can £till occur in a

static system of wmiform temperature.,

The diffusion of nitrous oxide into the air has
been considered in some detail due to e low diffusiom co-
efficient, compared with & system such es helium into the air.
The significence of this property and that nitrous oxide is
denser than sir, was considered ardine:ily to be the greato-
st contrituting factor to the high percentage errors which
occured at the 1.0' air che.ﬁge rates, Assuming thet, the rate
of diffusion of the gas into air may have aAconsiderable

influence on the results,

The trensfer of heat by conduction is also due
to the random molecular motions. This wae first recognized
by "Fick" xko put diffusion on e quentitive basis ty edopt-
ing the methematical equations of heat conduction derived

some years esrlier bty "Fourier”

Yuch of the theory of diffusion is therefore
besed on that of heet conduction erd many of the solutions

to the heat-flow equations cen be applied to the diffusion

protlems,

L9



972" Diffusien Theory
"Ficks" first law of diffusion is besed on the
hypothesie that the Tats of ‘transfer of diffusing substance
through wnit aree of a section, is proportional to the -
Fz_p 3¢ ’ - (21)
A %
where ¥ - rate of transfer per unit area of section
€ - the concentration of the diffusing snbsta.nce
X - spaceco—om;unat-emeamednérmaltotheaectim
D - aiffusion coefficient (2 &T)

The negative sign arises as diffusion occurs
in the direction opposite %o that of increasing concentration.

This above expression is generally true only for
an isotropic medium, whose structure and diffusion properties
in the vicinity of any point are the same, relative to sll
directims, Due to this symmetry, the flow of diffusing
substance at any point along the normal to the surface of

concentration through the point.

*Ficks" second law of diffusion i=s an isotropilc

medium derived from the above equation.

Consider en element of volume in the form of a

rectangular parallelpiped whoee sides are parallel to the
axes of co-ordinates snd are of lengths 2ix, 2dy end 2dz. .



Let the mofthavum be at P (x, y, ) where concen-
tration of diffusing substence is C.

‘Let ABCD and A'B'C'D' be the faces perpendicular
to the axis of x as shown in Fig 2.1. Then the rate st which’
the diffusing substance eniers the element through the face
ABCD in the plens x-dx is 3~

4 dy dz (Fx -3Fx &)

ox
Yhere Fx -~ rate of transfer through unit srea of tle corres-

pording pleme through P. _
Similarly the rate of loss of the diffusing substance through

the face A'B'C'D® is 3-

4 dy az (¥x, 9Fx dx)

ax
c ¢’
o

D D!

1 N b - S

4dydz(Fx-9Fx dx) - 43ydx(FxedFx dx
ax B B! A A
. Ay

J-l_‘ ——tped

A" 2x A

Fir 2.1 Elerent of volume

)



%he rate of incressc of the diffusing substence in the
element irc- thes;a two faces is equal to t-

4@&: (Fs—al’xdx) 4dy ds (Fz +dFx dx)
o d¥dx 2x

=8 dy dz dxdFx

' 9x
Similarly from the other faces the rate of incresse of diffusing
substance in the element is 3~

-8 dx dy 4z 9Fy and -dedydzar‘z
Y D2

But the rate at thich the amount of dii'ﬁ:sing subsatnce in
the element increace: is also given by 3~

8 dx dy dzdC
' ot

Therefore :-—

-@__124-21_’14-?2&;
(2x 2y @2z

N‘O’
3 (o]

From equation(2.T)

Fx = «Dx3dC ; Fy = Dy3C ; Pz=-l)zzg
ox oy

~

Therefore 3-9C =_2_(Px3C) + _2_(Py2C) + _3_ (Dzé_)_)
2t 9x 2x ay Iy 2z

If tho diffusion coefficients are constant, D = Dx = Dy = Dz

Therefore 3C = D (a_%_ _a"’c -8%;

at (3x® 332 3522 (2.2)

Equetion 2.2 spplier for diffusion in three dimensions that if

there is m gradient of concentrrtion &long each axis in an
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isotropic medium of constant diffusion coefficient.

2.3 Calculating diffusion Coefficient,

DIp is 8 binary diffusion coefficient of two
geses from "Ficks" basic eguations for diffusion. It can be
found experimentally and from exact theory to depend only
weakly an the concentration Tatio of the gases. The exact .
theory by "Chapman and Enskog™ is complicated, but the simpler
"Vaxwell® equa[tion gives velues vhich compare well with
experimental deta. "Maxwell's™ equation for ca.lcuiating the

diffusion coefficient is 3-

D, = €24 C2 (2.3)

where C = meen moleculsr velocity of eech gas

I/2
(- 1™

R = Universal Gas Constant - 83I4.3 J/k mol K
T = Absolute Temperature {°K)
¥olecular Veight

m

v = totel number of molecules per umit volume

9.8364 x 1022 T / K mol@cules per m® at one

L}

atmosphere at temperature T )
S35 - the meen molecular collision diameter
( = 1/207 + I/205 ) where o ere the collision dia-

rmeters -calculated for the viscosities of



pUTe gas.

From ¢ate in tebtles 2.7 and 2.2 the following diffusion
coefficients sre c.lculated usinz “Maxwelle™ Equation (2.3) -

Iixture Dy at 25°C (n%e7T)
Belium - Afr 5.55 x mj?_. |
FWitrous Oxide - Air I.23x 10'5 o

Vater Vapour - Air ' 1.54 x 1070

2.4 Inctentancous Point Source.

The diffusing substance (nitrous oxide) deposited
within a certain restricted region such ss a balloon at time
>(t=o) and left to diffuse throughout the surrounding sir.-
As the balloon source is of negligible volume compared with
that of the room, it was thought appropriate to consider

the balloom ss a point source in an infinite volume, for

sirmplicity.

The solution for sn instentaneouc point source im an infinite

volume is obtained by recognizing thet -

= " ex - ( x2 22 Dt (2.4)
c _imzp( ( x2+ 32+ 22) / 421)

iz a solution of equetion 2.2

viiere A is an erbitrary constunt.



GAS MOLECULA I/20- (xm) | T (ms~I)
: : WEIGHT %%
Air 28,96 0.187 - 467
Nitrogen 26.02 o.iag 474
Eelium §.70 0.1I09 I261
Ritrous Oxide 44.02 0.233 378
18,02 0.233 590

%ater Vapour

Teble 2.1

Fean molecular collision diameter - Syp

Syp = I/ZUI + 1/26'2

r.’ater Vapour - Air

Cas Mixture £z (am)

Helium - Air 0.2%6

Nitrous Oxide - Air 0.420
0.420

Table 2.2
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By differentiating equation (2.4) with respect to time and
let - Ba-={x24 324 .22 : .

40t
T - amn (PP 2 @) ()
¥ o )

| Differentisting equation {2.4) with respect to x

€ =-At722 e

o= 2
2 ' ' .
-and = A B(+1/2,2 _ 2»1:5/2‘ (2.6)
o Rl S 3

- Similerly for 12_%: end 12_2 subetituting eppropriate
L g dz :
varisbles of y end 2. .
By substituting equation (2.5) into (2.6) with sppropriate

variables of x,y,z. It cen be shown that 3-

sc=n'§azc+3_2_c_+g_2£§

it- ;;2 iyz az°

"equation (2.2)
Then the arbitrary constant A [ref. equation 2.4) is expressed

in terms of Y, the total emount of substance diffusing , by

performing the integration,

o0 + 00 4+ o0
¥ . 5’ S' S € ax 3y 3z = BTIDA
- 00 - ol -l



the concentration C being expressed as the amount of diff-
using substance per wnit area of surfsce.
!&:écmbaﬁonat:distame.rn’omnp;int aonroeinan
1nF1n1ts voluse 4si-

C = exp (- x® / 40t ) (2.7)
s(rrpt)>/2 ‘

Equation (2.7), synmetrical with respect to r = 0, tends to
Zero ac T WB infi.n:lty positively or negatively for
t> 0, and for t = 0 it vanishes everyvdlexaéxcept at r =0,
vhere it becames infinite.

By substituting appropriate values of r,D,t into equation
{2.7) the followinz concentration disiribution curves have

been plotted with two diffusion systems.

2.5 Conclusion.

The curver for en instentaneous point goui‘ce es
I1lustrated in Fig 2.2 and 2.3 for two mixtures of different
diffusion coefficient shov.; how quickly helium diffuges into
the air, compered with the much slower nitrous oxide. For
tbe purpose of the ventilation rate experiments, the diff-
usion rete of nitrous oxide ic so emell thet ‘it cen be neg-
lected. The sir convectiom currents within the room would
have 2 much more predominent role in mixing the ges, than
the diffusion rate,and the latter would contribute only
very slightly in the tire of a test. Owing to the very low

rate of diffusim of nitrous oxide into szir, to achieve a



wiform concentration from a point sowrce, meclenicel
small pockets of trecer gas will exist which mey give

enmeoué regultis,

.IB.
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3  Experivental Work

3
Introduction

There have been various mathods t& measure
ventilation ¥ate using an infra-red gac snalyser, calibra-
ted for the detection of nitrous oxide. "Hitchin and
¥ilson" (9) in their review of experimental techniques for
the investigation of Haturel ¥emtilation in Buildings mention
fmmMsW the tracer gas technigues namely s-

A. Rate of decay

B. Equilibrium concentration
C. Transfer Index

D, Steady concentration

A, Hate of decay method — A quantity of tracer gas is released
either at & mmber of points or at one point in a room
neer to & low speed fen to distribute the gas wiformly
throughout the room., Assuming perfect mixing the concentra-
tion decay is exponentiel and by sazpling the air at
several points the epperent ventilation rate may be

determined.

B. BEquilibrium concentration m2thod.- Tracer zas is continu-
ously libereted into the room at a uniform rate and
eassuming perfect mixing, the ges concentration within
the room will spproesch an equilibrium velue if conditions

are steedy. Knowing the trescer gas liberetion rate, the



ventiletion rate van-be calculsted,

C. The mmw This method ‘of msesuring
wventilation xate mmltd Irom the research by "0.K.
Lidvell" in 1960 (Io) nm studies of in.t‘ection in oper-
a.ting thee.tre.a. ""b.e p:\)cedura is to relesse a known
volume of 8 g’*s at ons point and to sample the cancen-

*4retion st several other points..The ‘transfer inlex found
is & function of the position of both points butdoes'not
deperd on perfect mixing.

D, Etealy Conceniration method - This is similar to-he
equilibrium concentration method s iracer gas is injected
at one point and the concentration is measured, dut the gas
liberstion is controlled automaticelly so as to give a
ﬁteady Imown concentration at the sampling point. Knowing
fhe concentration at the detection point and themsan rate
of trecer gas libersztion, when e concentration is static,
the transfer index can be calculated. Ascuming perfect
mixing the ventil;tion rate is the reciprocal of the

transfer rate.

ror all of the above meihodse, the concentration al the
sampling point needs to be kmorn in sbsolute terms ie. the
gas analyser needs to be celibrated, The experimental work
proceeding hes been mostly based on the Tact that as long
as the enslyser gives a ;inear reading the absolute value

is of 1little importanca.



Using e chart recorder from the electrical w.tpntonthe
wtnalysar, ncatﬂmmsmordisplotted 2mrhichthe
veutilation rete can be found,

The two methods which heve besn used in this piece of work
to determine ventilation xate sre the

a) Rate of decey due to the pulse input of gas
b) Equiliteium concentration method dus to a step input of
tracer zas. o '

!&:eaetmhasicteehniquaswérensedtomasmtbeventﬂ-

_ation rete within en experimental room, having a knomn sitpply

of pir which was mearured using the pitot tube transverse
method. The air ch:nse retes measured by the pitotectatic
tube end tracer gas methods were compared with verious air

flow rates into tie room.

3.2 Bethods vred to snalyse tho recults.

a) Rate of decay due to e pulse input of ges.

The decay equaetion is derived in terms of the rate at which
tracer gac liderated, decays in a ventilated room under the
influence of a diluting supply of fresh gir,either by infil-

tration or by the mechanical ventilation systen.

Consider a room es shown in Fig 3.1 heving a volume of Vid
in which tle concentration of trecer gas is ¢ ppum.(parts of

trec:r ges per million perts of’ air)



Dln'ing a;ez'y shoxrt peri.od&t, a.‘smﬂ;llquantity offresh air
$q , enters the room amd similtsnecusly a small quantity q
of contaminated air, is forced out of the room. Therefore the
concentration of tracer gas within tme room is reduced by en
amomt §c, which is defined ss s- '

$¢c =fa. ©
v .
The negative sign is needed as the concentration is decreasing,

Fig 3.1

|

Supply of fresch air

— 5
free of contarinsnt _

Room of volume VY m3 in vhich

the concentration of tracer

ges is c ppm

Extraction of con-

—-—%——» Sq taminated air con-

teining trecer gee-

—

The rete of chenze of concentration in the room is defined

es dc = -gdq
- a¢ vdt



Let the room have a constant supply of frech eir Q (m>/s)

Q= ga
at

Therefore the rete of change of conceniretion of trecer

&as ist-
de = -0
4t Y

Integreting with respect to time

S_d_?_=~._Q_ at
c v

logec = -G + logehd
v

shere log ¢ A is & constant of integration,

'Ihareforé logegC - logehr = -Qt
: ]

logegc = -Qt
A v

exp- (Rt /V)

,.,
"

Therefore ¢ = Aexp -(Qt/V)

Constant A is equal to tke initiel concentration ¢, 1in the
room et £ = O (the instent that the ventiletion begins)

Therefore ¢ = coexp-( Qt /v) (3.I)



where ¢ = concenitration of tracer gas inthe air of the
room gt any instant,exprezsed as parts per million

of air ( ppm )

" ¢o - = initisl concentrstion of trecer gas in the sir
of the room, expressed as perts per million of
air ( ppm )

= fresh air supply rate { wd /s )
= time varieble { & )

v -volmneofthem(ms)

Equation (3.I) can be simplified by considering the time con-
stant { T ) for one air change within the room.

T -V (m %
Q m/s

where T = time constant for one complete eir change with-
in thé room essuming perfect mixing (=)
From equation (3.I)
c = coexp(-t/T) (3.2)

The numbter of complete gir changec within the room in one

hour iss-

AC/n = 3600 (In = 2600¢=) (3.3)
T



To verify tie method of calculating the eir .
”c_h'ange rate per hoin_:, consider g pulse input of trace;: gaa
:Lﬁto a ventilated roou, | . )

Let the ventilated room heve 2 complete eir -
chenges an hour and e.ssume'perfcct mixine of a pulce input
of tracer gas. -

Therefore the time constznt for one complete
eir chenge is from equetiom (3.3)

T= ﬁg_q = 18008
Substituting this value of T into equation (3.2)

cmcoem (-t/80)  (3.4)

Let the value of ¢g, initisl conceniration, equzl en
erbitrary value of unity. By substituting suitable values
of time (% secs) in equation (5.4) the decay curve

(concenrstion versus time) mey be plotted. Fig 3.2 shows

the decay part of the curve for s pulce imput of trecer gas.

Rearrenging equation (3.2)
10{:0 .__c__ T o

co

Therefore t = - T loge _C
co

3,5 is a straight equation of the form y = mx

where T is the gredient of the line.

(3.5)



To verify correct calculation method for a pulse input of
tracer gas.
©o 1.0 . ¢ = cgexp (~t/1800) - t (8), c [-loge c
T
ACAJ. = 2.00 - - kd
] 0 {1.000 {o.
0.8 TO00Q { 0.574 10.555
o0 2000} 0.329 JI. 11X
3000 } 0.189 |1.666
A 4000 | 0.708 | 2.222
5000 | 0.062 }2.778
0.6 | 6002 1 0.0%6 |3.333
! .
0.4
0.2 |
o. ~T T T T ¥ 1
b I 2 3 5 - 6
t xI03 (s) . )
Fig. 3.2
5.0 -
T = 4000 -~ 2000 . .IBD0 =
2.222-1.1TT ’
1 4.0 - AC/h = 3600 . 2.0 Proved
ogg o 1800
Co
3.0 -
2.0 4 r_ _____
|
T
1.0
C. T
S S T A

t XID7 () —>
Fir. 3.3
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Byplottingtagainstv-loge c ,thetime constent Tcan
beobtainedfmtheslopeoftheline, bevti‘ittingthe
points as shov;nin?igﬁ&.

It can bte chown that the position taken from
the initial concenﬁatim €y is arbitrary as the time constent
T will stay the same providing the finsl concentration when
t = o is known, and this should be the same concent::aticn.
'bei'oré the pulce input‘ias. libex;ated. The conéentration decays
" rapidly, especielly with a high ventilation rate, 'but even
when the decay is slov providing there is sufficient curve
to snalyse there iz: no pecd to contimue the test until the
trecer gas concentration is equal to the initisl value before

the pul:se input,

) Equilibrium concentretion method due to a step input of
ges.

This technique requires a continmgous releace of
tracer ges at o constant flow rate v (m3/ s) until a steady

equilitrium ceorcentretion i rezched within the room.

The theoreticel explznation of the éalcula.ting
method uced ie bzricelly similer to the previous method, for
the decay port of the curve. By concidering the room in Fig
3.1 the concentration of tra cr gec within the room is
increesed st a rote of bdc/dt. For simplicity sssume thot
the s:t'eedy supply of tre-cor gac is perfccily mixed with the

supply of fresh eir into the room.
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‘Lot © = concentration of traces gas i the Toom at any
; '. Q ='rate of fresh air supply m3/s

ca = concentration of tracer ges perfectly mixed with the

' supply sir expressed in parts per million. '

4 gas balence equation can now be writien,

Cas liberated in the room = Gas extracted from the room +
Incresse in gas concentration in Toom.'

Qce, Qe + ¥  dc (3.6)
CTI6 T Tf T T

Let D=4 ({differentiation operator)
it

Enltiplying by I06 and rearrenging equotion (3.6) becomes

éa=c (Q+ VD)
Q
e = (_ZI ) ca
I+¥D
Q
The time constent T =V
<
Therefore ¢ = b 4 ).ca (3.7)
+ 9D

Equstion(3.7) is en zmolozy to a first order trancfer function,
in control theory. Thercfore with a step input the z;esulti.ng
firet order step responce is written ac

c =ce (I - exp-(t/T)) (3.8)



To ve:r:uy th:la method mma-ically consider g ventilated rocm

ﬁZemletaﬁrchangesmhourandassmpm:ﬁactmzing

of a step input of tracer gas.

mtimeconstant.foronecompleteairchanreasbetomis
rsz___ = I€00s

Similsr to the decay rate method the absolute values o:!‘ tracer
gas concentration can be ignored providing the electrical -
output from the gas snalyrer to the chart recorder is linear
andthechartepeediskmm. “ubstit‘utingthealbavevaluecf
4 into eqnaﬁon 3.8 gives 3- '

emcall-ep-thEx) (39

Let the concentretion of tracer gas be en erbitrary velue of
unity. By substituting suitsble values of time (t) in equation
3.9 the step recponse curve may be plotied as shown in Fig 3.4

One method of anslysing this type of curve ic the frezctiomel
response method wrich considers all the rcadings on the curve,
By rearrangingz equation 3.8

loge (I -c) = -t
ca T

Therefore t - -T loze (I -_¢)
ca

this is e straight line equation of the form y = mx vhere
the tioe comstent is the gredient. '
By plotting -loge (I- ¢ ) esainst ¢, the time constant T cen

cz
be obtzined from the slope of the line best fitting the

s



To verify correct calcui_é.tion method for e step imput of

¢, 1.0 fracer gas.
. 4 » -‘_f.‘e =cy (I-up—t/IBOO)
: IACA:. = 2,00
0.8 = _. ] - T -
t ()] ¢ 1 -loge(I-c ;
-1 . Ca
) o o‘ 'O-
0-6 - 1000 | 0.426 | 0.555
t 2000 | 0.67T | I.IIT
c 3000 | 0.8IT | I.667 .
4000 | 0.892 | 2.222
0.4 ] 5000 ] 0.938 | 2.778
] 6000 | 0.564 | 3.333 -
0.2 |
0. ' . , : l '
°- 1 2 3. 4 5 6
t x 10% (s) — Fir. 3.4
5-0_‘
T - 4000 - 2090 - IBO0s
2.222-1.TIT
14.0_ Ac/he 3600 . 2.0 proved
1500
-logegl-.e.
C4
3.0_1
2.0 {' ””””””
|T
1.0
O. T . .
0 1 2 3 4 i 6
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points as shown in Fig 3.5

. With this method the final concentration c, * is

reqn:lred‘ to ealculate the ventilation Tate in the room and
thisr ran result in a long experimentel period of several
hours for vory low gir chsnre ratec and during this period
the air infiltration rate into the room being vorisble,will
probably heve cheanged. An alternative to contimuing the test
until a2 steady condition is reached is to snalyse the initial
pert of the plot us:mg 2 computer program.
Fig 3.7 chovs the computer progrem used for analysing the
initisl part of a step Tesponse curve, By considering two
‘points on the curve (tgs ¢1) and (tp, c2) ac shom in Fig
3.6

Fig.3.6
Ca
€3
c2
{ e
c

The equation: for the tw> points respectively 3-
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go_g_mtter m@ to ﬁm respcme curves,
Language — BASIC

I0 FPRINT “NAME & REFERENCE WO.™.

20 mm- w,-ctﬂ,-rz-,-cz-,q- R o  beadings

30 5=

40 F:O : .
50 LETT-IQW. . - .- . . - mtmmmof!

60 DISP "INFUT TI(SKC), CI®

70 TAIT 2500

INFOT ¥1,CT . - . . first co-ordinate on cuxve
90 DIsP "mmm rz(sm), c2" .
I00 VAIT 2500 " ' . :
.J20 INFUT %2,C2 . . next co-ordinate on curve:

" TSOTPTI4# O AN CI # O THEN 160

JA0 LET IT = TI + 60

“I50 LET CI = CI 4 0.0005

160 IF T2 = TI AND C2 = CI THEN 370

I70 R = CI/C2

I80 X = TI/T

- 130 IF X> 230 THEN 210

200 GOTO 220 .

210 X = 230

220 Y = T2/

230 IF Y> 230 THEW 250

240 GITO 260

250 Y = 230

260 LET RI = ((I—D’.‘P(-'I’I/T))/(I-EX.P(-TZ/T))) -
270 LET P2 = R -

280 IF R2<0.0005 .a_m R2> ~0.0005 THER 310 iteration to find T
290 LET T = T - (1000 & R2) : ,

300 GOTO 260

310 PRIMT TI,CI, T2,C2,T
320 S =8 & T

30N =N+ I

340 LET TI = T2

350 LET CI = C2

360 c;orro 90_

0L U= /X

389 FIET "AVERAGE T = % ¥, "AC/E = ® €00/t
390 ! TOP

400 EYD

The sbove prosram was ajepted to analyse the rate of decay curves.

Fir.3.7
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cf = ¢, (I ~ expi~ty/1)) _ o (3.9)
6p = &y (1% explotymy) g G.10)

A memn value of T can be found by considering pairs of points

on the cuxve such as {cg, ty) end (e5y t5); (cp, t3) amd (e3,'t5).
It wos found that with a theoretical curve the time constant
‘could be derived,but with a real eurve wiich is mot precisely
exponential the valuaé oi' time constant for.eachv pair of points
can be widely different, €specially ac t+0. This type of
analysis wae also adapted for theAdecay rete method, ut -

due to the large scattér sbout the mean value theg-aphical
method was used for aﬁalysing the majority of the reedings.

' 3.3 Experimental Room Used for Air Ventilation lessurement Tests. -

The ex?erimental room andi the test sxrrangement
aré shotm in Fig 3.8. } 250mm dismeter veriszble speed vane exial
fan manufectured b&"ﬂoods" of Colchester was connected by a
square metal duct to & blede type damper. The damper was
ad justed by a finely threaded screw srran;ement giving e good

reproducible damper position.

From the damper the square ductiwork sbruptly
transforms into circular ductvork to pass into the 'exper'méntal
roow, To obtain very.low ventilation rstes within the room
the extract duct was blocked off except for & I25om diameter

orifice, and this wac found to be sufficient without smex-



Experimental Room

Xey L

F - 250m diameter supply fen

BD - blade damper . .

0 - T25m dismeter orifice in ex. duct cover

X ~ ©Dslloon position for a pulse input of gus

L - tracez'gasiiber_e.tingpointinmxp.dﬁct o
§ < sampling tube to gac smalyser in E/

ex. duct

2.45n 7 ~

2.5m

Ductwork
250 x 250 nm ductwork
125 mm dia. ductwork



Ee;;q)ungtuhe tothegasanalysermpucea
in the extractductasittas asu;l.led that the tracerga..,
muld be p rfectly aized with the eir by then a.rd th:.s 'c'as tﬁe
only place where air eould leeve the room as the latter was
practzcally canplete]: sealed witlin the 1ir:xits of materiels
mg.dilyavailahle. memmsthavebaenasmallexnhangeof
. eir between the experimentel room amd the cutside due to
the elightly higher pressure within the room, and that the xroon

was consiructed of porous meterisle,

The supply fan had a possible seven speedis giving
a range from 600rpm to IT50rpm which, with suitable damper
pocitions gave a ventilation rate within ithe room of betveen
one and twenty sir changes per bour assuring complete sir
chenges snd perfeet mixing.

The e::perime:rtal room, ductwork system and fan
were situated in e larger room. fo thet air leaving the inner
room was not re-circulated round the sy#:tem, windows snd doors
were left open. Ideally no re-circulation wos wanted, but due
to the position of the extrect duct, 2 1ittle war unavoidable,
lTost o.f the tescts were performed during calm '*z'eg;ther conditions |
vith lov or no win' speeds, =o that similir conditions for all

tects vere ascured zc could be practicezl.

The air flow distribution in the roox was foll-

owed ucrinz a T E II Suoke Gencretor syctem for flow visunlicsation
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' ln tir, end the instrmnent is discus ed further in fection '[..
-The gir ﬂa'cmmts were checked toensure that the airte..
being reaaonably n'lxed in the ro:m bei'ore leavi.ng via the v
extract duct, Tt was difficult to see the air flow pattems
at very lov velocitiec snd a "puffer™ type smoke probe wes
uzed which gave a better visusl dirploy of the sir than the
@he cenerator. | -

3«4 Zest Procedure.

. A suitable Tange of damper positions with theis
aprropriate fon zettings vere gelected. The air v’eloci;ty in
the circular duct intofie test romm woc measured ucing an
electricsl vané cnemoreter for the prelicinary ventilation
rates. To accurctely me::ure the flow rcte of air sipply
into the room a‘pitot tube was used according to BE 1042
Part 28 for the :reacturement 61‘ egir flow rates in circuler
ductwork, Treverses were corriecé out over two diameters at
right angles. On esck traverse, measurenents of the velocity
pressure were made at ten points, loccted by the log-linesr
rule ac skowm in Fig 3.9
The ten roint log-linezsr methiod of nuwerical intesrsation by
vhich the duct is divided into five zoner of equal area, &nd .

velocity reedin;s tsken in each zone.

The pitot-static tube ured waes similar in construction fo

2 N.P.L. modified ellipsoiiel mo:cd stanierd pitot-ctatic



Location of measuring points sccording to the TO-polnt log-
linesr rule. (BS 1042 s Part 24 s 1973)

0.9625

0.695R
F0.566R

Fig.3.9

N.P.L., modified ellipsoidal-noced ctendard pitot-stetic tube

36.5mn
I7.Xmm _!
Fattl -
<
D=2.3ma t-4 holes

Alignment Arm
e “3—-—- Etstic
Pressure

:

l
To ‘k al
Presuure

Fiz.3.10



tube and the dimensions of the one used given in Fig 330
The pitot—static tubé consists of two concentric tubes, the
imer one tz-ansnt*m,, the total preseure vhile the amular

gpace between the tubes trenemits the static pressure.

The exis of tie pitot tube vas kept firmly
positioned and perallel to the.axis of the duct 'by sn . -
ad just ble :n'ame In order to keep the blockage effect to a
minimom the treverse on esch diameter was carm.ed out from
each gide o that tie pitot-stetic tube wsc never more thenm

helf way escrosc theduct.

As gir velocity in the ductwork was low, below
7.5m/s, the resulting velocity prcrsure wec only 3.5ms wg,a
very accureste electronic micromr.acmeter wer ured, manufactured

by "Furness Controls LidY chich is described more in fection .

The elect;*o‘.xic microma.z‘. xeter wac calibrated end
then checked against a vermier reading wmanometer marmifectured
by "C F Cassélle end Co Ltd"™ The manometer can be reed by a
vernier to J.02m wg over the whole rane and has a puch more
damped recponce compered with te electronic micromenometer.
The latter tends to produce more “noise” with the meter

pointer.

During cach test the tempersture of tre 2ir wcs

recorded ucing sn ordinary mercury in glesc thermometer and
the barometric prevzure wes noted zr both effect the velocity

presiure recoréed by the mensmetcr.

40,
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'For each e.irnaw rate the fan speed wac messwved
using a' Strobatac which gave a» direct resding in revolutions - i
yer minute, - ’

Then s suitable range of sir flow rates had been
megsured and récorded the tx-é.cer ses methods were used to
compare resulis, Ae the two methods msing tracer ges differ
in their test procedure they have been divided into seperate
sub-cectiont, T .

The infra-red gas analyser used for 211 the
tests vac memufactured by “Grubb Parsons Co. Ltd.™ sni
calibreted to detect nitrous oxide -& deccribed in more deteil
in Fection 7. ‘The output from the an=ly:ser was connected to
a potentiometer €hart tecorder manufactured by "Oxford
Instrunent Compeny Litd! which has veriable chart cpeeds from
Icm/hour to 50cm/min. The chert speed cho:enm depended on the
air flow rate into the room snd the expected length of decey
required to calculate the eair clizn @ rste within them@ The
sampl ing tube tothe goc anolyscer wos ylaced in the extract
duet g5 all the eir leaving the room ves gecumed to pass
through this duct when the room hsé been cesled with adhegive
tepe. The campling tudbe ware sim;lar to a pitot tube projected

in the extract duct and parcllel to the ducis axis.



3.41 Rate of deccy due to s pulre inmit of gat.

As‘thegnantityoftracerga.liberated intothe
room was of llttle iuportance, Y balloon ‘filled vith the oas
'as considered to be a8 suitable input of point ‘source. The
'ballocnv:a..placed intherocnonthe w21l marked :itha.n nEn
in Fig 3B ac this V.E 8 conve'xient position to ’bu:r:.t ‘the balloon
by p:mjecting a2 pin framte outside of the room end the air
around the mmemturbvuntas seen with the emoke

mus.

The procedure for each test was to wait until
the gas enalyser wec stesdy, which normally took st least -
forty five mimmtes, During this time the fan, at its selected
rpeed could be running so that.the_yhczle syctem w-c settled.
The windows ani doors of tie external room vere kept open to
ren':ove the reieéd nitrous oxide and to decreace the chonce

of recirculation within the system once the test hed sterted.

A balloon w = then filled with nitrous'oxide from
a gas cylinder, cegled and placed in the po:‘;ition marked X in
g 3.8. Once tie balloon wos placed, the Adoor of the room wes
securely cloced and then the system was left a few more mimutes
dependins on the air flow r-te , to rettle. Turing thie
period the chart r-corder was switched on at the celected
chart speed, Vhen the system w.s completely steedy, the balloon:.

was burct. by 2 pin penetreting the room wall,
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B A

Plotted on the chert Tecarder for the alr flow rete to be
determined,the recorder was switbhed offend the concentration

. Yhen zufficient of tie decay curve hed been

in the room was reduced by incressing the air Fiow rate and
opening the door. Mo reduce the concentretion of nitrous

oxide in the room to zero or the initisl value, depending

on the mumber of previous tests, normally tock sbout thirty
mimites, theri enother experiment could be perfcn-md. Besides
using e bslloon to create a pulce input, opéﬁiqg the regulsting
valve on the ges cylinmier for a few seconis wds also us:d.

The guc was initielly released at the same position ec the
Jballoons had been bun:t, -3 but it wes also liberated directly
into the supply duct to the room.

Latér: tectc were performed having an oscillating
deck fan working in the room, This was to completely mix the
tracer goc with the frech sir supply s»d to cee if there was

eny cignifivant difference in resulte,

3.4.2 Equilibrium conce__qﬁation nethod

As the exp-rimentzl rosm was very smell, to
produce & step input of gZes vhich would create a steady
responze of below IOJppm concentration, so that the gas
enelyser could be uced in its high rencitivity mole, precen~
ted the probler of producing a low, cte.dy gac flov rete
of below I0dcc/min. This ws achieved by ueing a fine

vernier metering velve rmemufactured b "lunro Coj T.Sf.A,



btveeu the gas c;’liuleranl a rotumeter mmxtactured o
¥ Platon L which is discusced later 3n Section Teov-

77 fhe ‘sétting up of the gas enalyser and chart
recorder was similer to the procedure for a pulse input.
The vindows and doors of the external room, were kept open
and the door of the experimentsl room kept firmly closed.
When the gas smalyser and chart recorder were setiled, a
pre-calcilated stesdy supply of tracer @s (N20) was intro-
duced into the supply dnct ‘.to mix with the incoming fresh eir.
_After a period of time, deperding on the air
supply rate into the room an equilibrium tracer ges concen.
tration was rescked at which point the gas wes switched off,
Depending on the time, the concentration was either left to
decay by the selected sir flow rute, or the air flow rate
was incressed and the room door opened, so that the next

tect could procecd witlin approximately thirty minutes.

As with the other method an oscilleting table
- top fan was used in the room with some tests to completely mix
the trscer gas with the incoming frech air to see if there was

ary significant difference in resulte,

s5 _Results.
Air flow rate calculated by using “a - pitot-

static tube,
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Ta BS I042 Part 24 I9T3, meny carrection factors
are mentionsd-to baqmlied to the measured differential
pressu:’é, but due to the uncerisinties cansed by the
fluctuation of the electronic micromsnometer matey which
outweighed most of these minor correcticms it wss decided
only to adjust the wvelocity pressure for temperiture and
atmospheric pressure measurements,

w-<lenie | (s.11)

whore VP = velocity pressure - .differentisl pressure (8/m2)
g = density of air (kg/w>) '
v = velocity of air (m/s)

Fow ¢ depends upon the temperature and pressure of the air,
Strictly tixe air in the duct will be at a pmssx‘:e B =8P
where EP is the stetic pressure in the duct measured above
or below thev barometric pressure B; but this correction can

be neglected where £P is much less than B.
Density of air at £TP (0°C) = I.293 kg/my so that for any

tempersture t°C snd presrure B m of mercury,

£ =1.293x213 = _B = 0.4644 _2
273+t 760 TToet (3.12)

The wvelocity pressure was measured in mm of water guage by

the micromanometer and as

One pasczl(Pe)= I K/w? = 0.3020m wg,
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Lot h & velocity m_g{xpééséedum'ig v
YP=9.80Th (3.13)

On substituting - 3.I3 and 3,12, equation 3.1I becomes

v Gudoes ‘Am SE v @) (5.10)

- The mean air velocity in the duct 1s

n = __I__(‘x'l’ "2+ esce +'n)
n .

where n = mumber of pitot-static tube readings. The air flow
‘rate in the circular duct iz s-

Q = 1rr2 Vo (m3/<)

Q= ‘Lf}_z Vm (m’/s)
4
' The ten selected gir flow rates were mrasured ucing the
‘pitot-ctatic tube snd micromanometer, and the results were
recorded, Using the tracer gos method a pulse input by a
balloon was carried out on each mir flow rate. Lore extencive
tests were performed on only four selected air flow rates as
tatuleted in Tadble 3.2, ascuming perfcet mixing with complete
sir changes for the results,

AC/kh = 2600Q . Ih= 3600s
v

Yhere V = volume of experimental room (m>)
The cslculations of sir flow rete usingithe tracer ges method

have been divided into sub-sections.
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3.5 Eate of Decay

ﬁ:e eelculatiunnethod for the air flow rate is -
the care vhethee the pu1<e input of tie tracer ges was re}esced
in the supplyductorhywrstingaballoonintheroom. Fig
3. X shows a decey curve for a pulse inpot of tracer;eas for e
flow rate reference number 4 from Table 3.2 with a circulation
fan §n the room, 4 |

As the chart recorder used heat sensitive paper which easily
marks,the cuxrve wes copied onto tracing psper. -

The "Y® or "concentrstion" axis of the curve was given am
arbitrary lineer cet of values as shown znd 2 suitable
muzber of points were located to epply tie iractionsl responsé
method. The time (sec) ges plotted against -log (c ) and the
gradient of the streight line found, which ie the ti.me
constent of ons complete air change.

Therefore t- AC/hrs = _}_'%_D_O

This exercise was repeeted for all the decaymte curves to
£ind the air flsw mate in the room. Although the tracer gas -
concentration curve, shown in FigiIIwes ellowed to decay
nearly to its initiel concentrstion, this was unnecetsary

providing there wes sufficient curve to be sble to plot time
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againstdogc #oﬂndtbetimconstant.

[P

3.52 Equilihn\nn concentration method

Fig.3.I2 shows the response concentration curve
to a step imput of trecer gas of approximately 55 cc/min. with
an sir flow rate, reference 4, from Table 3+2. Thie particular
tcsttasrithacirculaﬁonfanintheroom, but the enalysis
ofthacmaisthemrlth&tmhafm.tt‘aningo{
the curve was mede anl a mmber of points of time egainst
concentration were located. The time constant was found by
plotting time ageinst - loge(I - ¢/cp), end measuring the
gradient of the best fitting straight liie as shown in
Fig. 3.12.

Tith this wethod the steady concentrstion hecs to
be known for calculation purposes so the test cammot be
ehortened es the decay rate method.

3.6 Experimental errors

The gir flow reedings from the pitot-stetic
tube were used es a datum for compering the different methods
ueing tracer gas. Owing to the very low air flov into the
room, the resulting velocity pressures were extremely small
(0.00Imn to 4mn wg),endthe excessive air turbtulence in the
duct from the sbrupt trensformation pieces over a short lemgth
creating fluctustions in the electiiczl micromanometer
readings,
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Appmdmte nn-o;- (cr.), shown 1n table 3.1 o.f
the mern pitot tmvme results hes been calculated hy aseess:lng
the de‘viationr, of the ncromnoneter velocity pressure,
reeding shered = cr/l_ (1= rumber of points en tra:verse)
"Over and Panldurst™ in their book "he messurement
of Air Flow" advise ucing other forms of mamtr:lng device
other then menometers below I5ft/e (4.5Tm/s) .such ac the vane
amemonster, orifice.plate,l or the venturi tu.be, or, for very
low speeds, the hot wire amemometer. Althaugh the electronic
micromanometer uced could measure to 0.00I mm wz and trere
" was neerly complete correlation with the vernier reading
manometer, The former instrument is much more sensitive to
pressure changes, but quick to take readings from.

As the tracer gas mebhod depends entirely on
the electrical output of the infra-red ges anslyser, it was
checked with a digitel voltmeter ageinst the front meter on
the snslyser end the graph of the readings is shown in Fig
23.14, From the greph the electrical dutput is slightly out
of phase with the front meter showing:the concentration, but
the output is lineer eni parsllel with the.idesl line and se

the ebsolutie concentration was not needed the output value

was left uncorrected.

The absolute gas concentration should be read

from the calibration curve, included with the anslyser. The
electricel output when the analyser is in the high sensitivity

mode needs no correction applying to it for the absolute value,



‘VoltagG Concentration B ’Pg'.} I 7 B
(v) ¢ (ppm)
0.71 . 5
0.94 .. | . I6.D
1.20 20.0
-11.40. } 285 . .
1.61 28,0
.79 . 31.5
2.00 36.0
2.59 46.0
100 _ 2.64 43.0
3,02 57.5 /S
N 3.40 64.0 /
B8O
"
60 |
$
c _, :
Additionsl points
40 _ omitted for clarity
20
0 ¥ ¢
) T.0 2o 2.0 4.0 5.0

Electrical output (V) —»

Additionsl Sources of Ermors in Air Ventiletion Messurements

Effect of Non Uniform Lixings:- Air exchenze rates based on
tracer dilution rates and calculated gc outlined previously
have been based on the essumption of perfectly mixed coxplete
air changzes., The slternative corditions %o this are illustrated

in Fig 3.15.



Inthenon-ixing wodel, freth eir enters ss a froat amd
pushes the air containing tracer gas shead of it. "Fumt®-
in's peper for the 1.S.E.R.A.E. proves that the uversge gas
concentration over the entire wolume is an inverse linear

function of time,

With the second nom uniform mixing model whicl
is illustrated in Fig 3.15(c) the upper volume conta.ins
- completely stegnant sir, whilst in the lower volume perfect

Perfect mixing model.

7 |
/ -+ .90 ) C

5 |

///» ¢ 2O

Fiz.3.I5



'mese nodele mggest that poor m:lxj.ng could lead

todt“e:changantesneamed by the tncer@smthodmeh
are either higher or lower than tbe tme_rate, dependingon
the type of mixing model which predominates.’ ‘

Another source of error in the messzurement of
tracer concentratior is drift in instrumental response with
time, particularly when the inctrument has just become
operationsl after the "warming up® period. This can be mini-

mized by checking a.gainst & reference (fresh air) %o establish

thedriftbntastheconcentrationcurvea@instﬁmeis
needed in analysing the results this check can only 'be per-
I:mned at the bteginning or end of each test.

Additionsl errors erice vhen fiiting a curve to
the plot produced by the chart recorder owing to the "noise"
yroduced by the recorder,

Another source of error was having the extract
from the experimental room into the main room from where the
supply wes teken. Ideslly the exiract should have been
ducted to the ocutside, The siight amount of recirculzted
tracer ges which resulted from the ebove system was probably
the contriluting fector to the high eir exchange rate with

the step input method.

The sampling tube © the analyser was placed in
the extroct duct, sscuming thet all the eir would legve the

Toom by this duct, but some air lealed into or out of the room

55



‘fronthnunsealed cracksinthemll “floor amd eeiling,.
“The piht—xtaﬁ.c tube ‘as nsed to mea.sure the supply air into
the room asruming the same quantity left .by the extract duct.

3.7 Conclusim.

mégmphsofairexchangeratesbythepitot-

" static tube, against the values celculated by the various
tracer ges methods, shows close correlation with the jdeal
straight line up to about 7AC/hr. Above this, there is a lerge
scatter of points and little can be concluded from the upper
points owing to the few tevsts perforned.

Below sbout 7AC/hr most of the resmlts are the
positively larger thex tlhe "detum" pitot traverse readings.
This is particularly the case with the step input of tracer
&gas, but this is probably due to5 recirculat.on of tle gas in
the gystem which would result in e higher sir chenge rate.
Especislly with the larger quantity of gas used with this
method, me¥ing the difference even more prcdominent.

If recirculstion of the trecer ges within the

syctem existed, it would decreace the eir éhan-:,e rate with the

decay rete method. oo, it can be concluded that the tracer ges

method gives elightly higlier results compared with the pitot
travers: method,

The Tate of decay method with a fan in the Toom
to thorousglly mix the tracer gec and zir, gavé slightlj better

56-

correlation than the other method which were reproduc:ble. necruse

of this, and that it required less time, tiis was tke method uced

in other rooxms ez deccribed in the next section.



Comerison of methods in measuring the air change rate in the

Expetimentsl Boom . Pulse input by e belloon - pitot tube traverse

[Leteaal o S

Ref, [Fan speed | Dawper Pitot traverse pr. Tracer Gas Method
Fo. | (rpm) Position | (20 Points) Error Pulae{ Meen | Devistion
() - Input] with col.4
I 2 3 4 5 6 1 8
AC/h o= AC/n | AC/h
I .605 I2 0.94 0,049 { I.I
: 0.82
0096 +°-°2
2 680 I2 1.50 .06 | 1.32.
1.82 :
PI.57 | 40.07
]
3 620 50 3.14 25.080 | 3.2
3.2 +0.06
4 630 50 5.34 23,085 | 5.55
4.68
5.50 N
5.24 -O.I
5 650 150 4.0T *0,11 | 4.29
A 4.29 | +0.28
6 700 150 €.68 £.14 | 6.52
6052 -0016
7 740 150 9.54 *5.16 8.28
9.43
8.85 | -0.69
8 810 150 13.21 *3.25 |10.31 '
70.31 | ~2.90
9 980 150 16.28 20.19  |I2.39
12.39 | -3.89
10 1120 I50 19.14 .32 [30.48
50,48 | +I1.3
Tatle 3.7



Comparicon of methode in meacuring the air chanse rete in the Fxperimental Room_. ‘,

Puleé and_etep inputs using tracer gas

Ref, |Pulse input{l’ean|Dev.xith || Pulre input|!esn|Dev, with stép inputilteen | Dev. with ||Etep input|lean|Dev. with | Pitot
To. [Eup, duct Pitot Sup, duct Pitot Su ' Ipitet
. p. duct Pitot Sup, duct o - | Traverse
Traverve |[Circ, fan Traverse . .
1 2 3 5 6 7 8 9 Tra\fsreo Circo fon | o, Trquraf ; l.eﬁsod
ach  jac/n AC/n AC/n A/ Iacml A/ faeh ] - .. ] AC/n
1 1.07 1,26 I.74 C1.44 St
I1.07 4'0:13 1.I% .
1,19 +0.25 I.74 1 +0.80 o I.44 {40.50 0.94
p I.ﬁ 1.82 1,70 1.60 , .
1.70 , . .
1070 +0,20 I.80 +0.3O 1070 40,29 I¢6° 4'0.10 ) ’ ;650 ‘
4 6.25 5.00 5.40 5,20
4.76 5474 5,52 5.52 _ :
4.81 ' 4,80 .
55T} 40,17 5.161 0,16 Se46 | 40,12 5.7 |=0.17 5.34
7 8.16 8.34 9,86 _ 10.62
. 8,16 -1,%8 8.34| ~1,20. 9.86 | $0,32 T0.62 | 41,08 9.54

Table 3,2
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4. Further Ventilation Bate Measurements in Pifferent Booms

4.1 Introducti&

" The previous gection wes concernsd with comparing
different methods of measuring ventiletion rste using tracer
gas, ¥ith the sir flow rate measured using & pitot-static .
tube, As the tests took so mmch longer using the equilibrium
concentration method, especially at low air change rates, and

" mach gas was required, the decay rate method was nsed in
further test-rooms, The pulse input being a balloon filled
with nitrous oxide, or several 'be-lloons, depending on the Toom

volume,

The method in the I.H.V.E, Guide,Section A4 for
measuring infiltretion rates usingz & tra er gas method .
requires afan or some other method of mixing the tracer gas
with the room air. Vhen the mixing is conplete the fan is
switched off and the con entration of tracer ges is recorded
for about one hour. The sccuracy of thic method is not
mentioned in the Guide 2nd during tle hour the exterior
weather conditions could have been varied conmsiderably to

chenge the eair infiltretionmte into the xroom.

The gection A4 in the Guide goes on to describe
e method of calculating the natursl ventiletion into a room

using data and equations. The Guide slso gives empirical
wvalues which sare inicnded for use vhen calculations ere

imprecticsble or inappropriate,



“The ASERAE Guide pu‘blishes infomti.on on the

L
EE e 1T,

Mﬂtr'ﬁm oocuring through ﬁ.ndo' :rrams am Uwauw.’im
Fo. g

mim-iah 80 the 'rantilation ra.te can 'be calculated uuier
cerhe.in uterior conditinna

The above methods heve been used te calculate
the ventilation rate for a few rooms and compare the results
with those obtained by using the trecer gae method.

4.2 Cslculstion of Naturel Ventilation

The three methods used to cslculete the natural ventilation
rate in a room discussed in this section are s-

2) The dats, charts end equations presented in the IHVE
Guide Section A4

b) The empiricel values of infiltration ms in the IEVE
Guide Cection A4

c) The trecer gas method using the deccy rate procedure

2) This method of predicting the rate of infiltratiom in
a rectenguler building is meinly for design purposes
vhen sufiicient information ard the type of comstruction
ie known., The Gﬁide presents an infiltration chert Fig
4.1 thich provides a simple infiltretion ectimstion
technique from the Imovledgc of wind epeed end building
height, locetion and window quelity ere known. feveral
correction fectors are given to the infiltrestion chert

for the type of internal resistance to air flow, such
8s partitions and corridors ete end for the stack effect

which depends on tle level oi ihe room. %he calculzted



fnfiltration rate is 4he meximm 1ikely to occur in each
roon, thexe 1s ai‘m-thercqmtion to meke allmncee Ihen
calculating the tctal i.nfiltrat:lon load on ‘the cenh-e.l
plant_ for the whole -builo.ing. This_ considcrs that at any
one time, outcide pir omly entexrs the windward rooms and
:meoé-'-s a heating or cooling loed upon them. The corres-
pording volume oi‘ gir which mst lceve the building by
‘passing through the leeward rooms is slresd; at room
temperature and o adds nothing to the total beat losd
of the h.lilding,. assuming thet ell rooms are kept at the
sa.mé tempcrature. -

‘ Examr»le' .

The calculztion of the nstursl ventilation of the first
test room P/G/25 from the schedule of room details would
procred as {ollows -

from the infiltrstion chart Fig 4.7 the mean pressure
differcnce ic determined for the building height of 30m.
The horizontal line is then trszced until it cxes o the
line for the eppropriate window infiltration coefficient,
in this case 0.25 1/me eee te'le 4.I. A verticel line
projected from the poini of interscction to the riz .t hand
scele gives an infiltrstion rate per meter of window
opening joint of 0.9 1/s. This value is edjusted by
multiplying it by cor:ection factors for internel air
rezistance, ’mei‘ez“ore the averasge infiltration rate becomes
witkin ihe building. In tiis c.se the correction factor
£=1 g =00nI=0.09 |
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' Ini'utration rate, I/s, per metre Tun -

of vi!ﬂow joint

oS

ol

0.2 .

Building height m

Infiltration chart.

Tindow infiltration coefficient 1/ms

Reproduced from Fig.A4.2 IHVE A4

Fig.4.1
%indow infiltretion

Vindow type coefficient C for I N/m?

1 /ms)
Horizontally or verticslly 0.05
pivoted-weather stripped +
Horizontally or verticslly 0.25 .
pivoted-non-weather stripped
Horizontally or verticelly 0.125
gliding-weasther stripped
Eorizontally or vertically 0.25
sliding-non-weather stripped

pir infiltration through windows.

Table 4.1

Reproduced from Tstle A4.3 IEVE A4

a8 - Lo 20 %0
717
5 i ‘ / /
open bV/ ){ l /
country A
___/4_ / /
/ /
) /
/ 4/
suburban ‘ _ 1/ y /
| A P A= 7 T Y Ep
/ /] / Y
1 - .
VANl F /
SEREI / LA
4 f1-1 ]
town r/ / / /
centre
L -] 20 -1 100 aos oes 0.25

SCALE OF PAESSURE DIFFERENCE NOT SHOWN



Asthismisat theca:aero"thebullding tith
opena'blc nnlms on, tvo adjacent val.ls, Qb '111 be
incrsaced y 1.5 $tus. S0biplyiag thts valon iy the lengtn
of the windows opening joint in the external walls gives
‘the infiltration rate -

Q= 0.9 x I.5 x 25.1 = 33.9 1/¢
The f;ml adjustment is according to the level of the room
resnlting from wind conditions plus éj:ack effect, assuming
é0°c heating sesson. The percentage incresse is epproximately
an edditiomd %7 therefore Q. for this room is 3-

Q = 33.9 x 1.03 = 34.9 1/s

Asrunming perfret mixing in the room thic gives an eir

change rate of :-

34.9 x3600x _I = I.34 AC/hr

1020 9£.0
b) The empiriczl values of the infiltretion which mey be
expected in buildings of typical construction in normel
use in winter. '
The Table given in the IEVE Guide A4 give a valuve of 1.0 b1
for a generel office snd 2.0 1L for o claseroam on a
normal site. The room P/G/25 illustrated in the last example
could be given a value of I.5 AC/hr, especislly being 2
corner room, During periods vhen the room is unoccupied
the infiltration rate ¢an be taken as helf thet obtained

above for normz=l use.

c) The metlod used with the trocer cms was the decay rate



ﬁtheiﬁnr, 1o T:ns in the room,'-‘d*'. & maximum of two deek
fens to mix the nitrous ozide liberated by hn-ating ‘the
balloon into the air. The positioning of the fans, sampling
tubes and pulse :i_nput of fracer ges using a belloon are
shown in the following plans. Other veriations were, to
heve two ssmpling tubes to the anslyser to try to average
_‘the concentration between two arees in the room. )
Colenleting the ventiletion rate from the decay

curve was tle same as that uced ;riththe t.esta'ix,xthe :
experimentzl room explained in Section 3. The outside
weather conditions 'vere eleo recorded to see the effect on
the readings,

Gencral

The above methods were repeated on & mumber of
rooms with deteils as slown in the various schedules. With
the Constant Tempcrature Foom, only the tracer gas method
was uced as it wac assumed to be e completely sealed room.
The pulee input into this room was by opening the gss
cylinder valve for a few seconds with a connected pipe-
pacesing into tie room. The test on the constant temprrature
room was left to run for s few hours to determine vhether
the reading on the enslyser would stey stesly for sucho
time or if there was a celibretion correction to be made

to the reedings.



Description of test roma

&eiolludngmplenmahovtbenthaapparam
fortheh'acergaa thadussetupandthomachnduleswre »
used to culculate therate of e2ir ini‘ﬂtration by the othar |
methods.

4.3 Experiments] Procsdure for the Fracer Gas Tethod.

'.l‘he appara.tns.fcreachtesttassetnp asmin
the plans of therooms. !hepla;us ofvveryrooa-bestedm not
ahmasthatestprocednmfor tbentherromns:asvery
sioiler to the ones shom. m theroomexcept r/n/xow
laboratary vere tested with the doou:s and w.inim closed,
ard once the epperatus hed been set up and tre balloons
bursted the operator could leaeve the roam., This method wes -
fmpractical in the P/H/I0 room ac it was occupied during the
experiments s> el1 the doors remeined open.

The belloons were held epproximately a metré sbove
the floor and in front of one of the desk fans to attain
wmiform . concentration of gas within the room in the shortest
possitle time. '

Three of the rooms GB/C/4/6/7 have ventilators
incorporeted into tlie window fremes which are cord operated.
Some tests were performed with the ventiletors open to investigate
the difference in ventilation rate in the rooms. Although these
results were influenced rore by the externel weather condifions

especially the wind cpeed.



Flate I,

Pypical set up of apparatus for the messurement of

ventilation rate in a room.
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In GB/C/6 wome tests were performed with furniture
in the rooms exd othersz without it to see if there was any
signiticemnt diffel'encé in the results. Tests without
furniture usuzlly geve better reproducible results. In this
perticular room where thore were many tatles, scveral different :
tests were performed with the fans and sampling points below
and above the tables,

_ ‘ The volume of nitrous oxide required to £ill one
belloon was measuxed approximately by displacing water f£illed measur
ing cylinders over water, this vas found to be between 4.2 to

5.0 litres dependines on the balloon size and slape, This was

used to sssess the mumber of belloons < quircd for a test room

%o achieve approximatcly 50-60 ppm concentratioﬁ of ﬁtms

oxide,

4.4 FResul ts.

Examining table 4.2 with resp.ct to the calculeted
ventilation rates using tie tracer gzc methad, there eppears to
be very little deviation from the mean values for P/G/25 except,
for Teet Yo I with no mechenical mixing, but, there is a large
scatter of values, for the other rooms.
The results shown in table 4.3 for the tracer ges
method are only the values which hid mechenicel mixing in the room,

continuoey, throughout the test, The cilculated vslues of rooms
with open ventilators have slso been romitted fromtle table es

have the wvaluer which tave dependcd lergely on th- position of

the furniturc,



In room P/E/T0 which was occupied and functioning
during the tects, end vas the lorgest room testdd, there ware,
five balloons required, each filled with nitrous oxide anl
mechenicelly mixed to give 200d results. «hen'oniy twoba.u.oona
were used there was insutficient gas in tne room, snd even witn
mechanical mixing this resultcd in an erioneous ventilation
reteXithnomecranicel mixing in the rom, no decay curve of .

concentration was plotted, This would be as a rosult of nitrous
oxide having a low dif usion coefficient as MMy discussed

in Section 2.

The doors in the room were kapf- clozcd to remove
the complic;‘ation of air exchsnge rates between the internal rooms
end when the doors were opened eccidentelly the ventilation rate
increacsed considerably, e#pecially with the cmeller rooms, This
could hove been due to(a2)high convection currents” :in the
corridors, (b) or the fans in the test rooms used to mechanically
mix the tracer gas, contributing to higher exchangu. rates when
internal doore were open, e:pm:iaily es tiiere was no significent

quantity of trac:r ez liberated in the edjacent rooms,

4.5 Conclusion,

Concidering the ventilation rate messured using

tracer gac were me:cured during the summer months, slthough the
external conditions chow some low outcide temperatures, for the

time of yesr, the mepcured infiltration retes sre all higher than

for tie other rethods from telle 4.3. The other two mothads



‘sccarding to the IHVE Cuide vesults, in the highest infiltration
-rate for rooms which is likely to oc ur duringthe -mtingz season.

The hish results obtained by the tracer gas -
method ray have teen due ¢o relatively lezrge flow i;nto enclosed
spaces such as furniture and fittinge, but this would result in
2 non exponential curve. The resulte stowvm in Teble 4.2 are from
rezsonably smooth first order decay curves over a piriod of
approximately 20 to 30 minutes, from the time when the teat

commenced.

Furniture hsd a2 comsiderable influence on the
results, when nitrous oxide was used with its low diffusion
cheracteristics, #c, if the gas is not uniformly mixed through-

out the room, erroneous ventilation rates cen result.

Yethod (a),tsble 4.3 is very much dependent
on the tyre of windovs fitted end this ic evident in the resulk.
%ith very low expected air chenge ratec, with the rooms in the

"George Begzz" building ac the windows were weether stripped.

Two points thet ccn be concluded are thet
mechenic-sl mixing ic required continuossiy during e test,which
is contrary to the IIVE Guide Section | recoxmendation, whick
states that the fan chould be switched off after the mixing ie
complete aud then the cmcentration record-d, for sbout one hour,

Mechaniial mixing is #lso 1vquired so that it cen
be gssumed thet perf:ct mixin~ and complete mir changes orcur

for calculat.on purposes.

69.



!!m secund point 1s that n...ing a be.lloan for a p.alse hrput 13
reletively simple and gives a msonably good decay curve fran

which the ventllntionzte cen ‘be essily calculated.



Air infiltration tests using tracer gas - Rate of decay method

‘Table 4.2
Teey Room { Rm Temp |Externel condition [Yethod of tracer gas Fan arrangement Cal, ventilation Comments
Mo.| No. Temp Viind liberation within room Rate
¢ oc |cpeed Direction ‘ ~ AC/h
I 2 3 4 5 6 1 8 9 10
1 | ?/6/25] 19.5 | 13.5(2 o I belloon I £.P, No fen - 3.9 Ineufficient mixing
2 20.0 | 14.5|3 3 I balloon I £,P, I IT run.cont. 1.04 Doors closed
3 22,0 | I4.5{% v I balloon I £.P, I IF run.cont. 1,00 " "
g Do | 12.81 s T balloon 2 £.P, I IF run.initielly 1.69 "4
5 20,0 | I3.5/2 et I balloon 2 .P. I IF run.cont. 1.83 " "
6 23.0 | 13.52 wew I balloon 2 & 1 DF run.cont. 1.88 n
7| CmR 20.0 - |- - pulse from ges ¢yl.28P| I DF yun,cont. 0.I2 Eteady vént.rate foz!‘ 3h.
e | p//rz| 1.0 | 140201 > 2 balloone 2 8.D, 2 IF run.cont. 1.56 Déor operied twice .
9 12.5 IA.5)2 w 2 balloone 2 S.P. 2 IF run,cont. 2,16 Door opaned 4 times
1) | p/e/10] 21.5 | 16.5(0 A 5 balloons 2 ©,P, 2 DF & I CF yun.cont. 3.09 Doors open
V1T 23.2 17.013% o 2 balloone 2 I.P. 2 IF run.cont. 9.76 Insuf{icient mixing
12 24,0 | 18.013 - 34 5 balloons 2 S.P. il fan - Insufficient mixing
I2 len/c/y | 22,5 | 16.0|2 Ve T balloon 2 S.P, 2 DF run.cont. I.72 Ventilator closed-lo furn
4 19.5 | 15.0{3 L T balloon 2 {.F. 2 IT run.initially 2,73 As above & door open once
15 23.5 | 17.0]? 1311 I balloon 2 S,P, 20F run.cont. 2,07 Ventilator open-No furn.
TR E3/c/e | 20,0 |16.0/0 W T balloon 2 &.P* 2 DF yun.cont. 1.23 Ventilator closed-No furn
17 22,0 | 14.8|2 NE I belloon 2 &P, 2 F run.cont. 1.40 As above .
18 20.0 | 17.0|3 £y I belloon 2 E.P. 2 DF run,cont. 3.10 | Ventilator open-No furn,
19 22,0 | 15.0|2 N I balloon 2 E.P. 2 7? run,cont. 1.83 As sbove
21 21,0 |18.0[3 3t T balloon 2 &,P. 2 IF run.cont. 3.82 As ebove
2T 23,0 | I19.5{1 < I balloon 2 &.P, 2 IF run,oont, 0.57 Ventilitor olosed=furnitu
22 22.0 ' I balloon 2 &,P. 2 DF run.cont. 0.97 As sbove-fana below table
23 . 22,0 X T belloon 2 §,P, 12 OF run.cont. 1.56 As above-fene above table
22; YB/C/37 227.8 18,0 3' W I balloon 25,7, 2 IF run.oont, I.62 Yentilator closed-futnitu
7. 18.0 3 3] I belloon 2 B,P, | 2 DF ytm.cont. 2.70 Ventilator spen-furniture




Air infiltration teats ucing tracer gne - Rate of decay method

- Pable 4.2.
Tes§ Room |PFm Temp !Externel condition |Yethod of tracer gne Fen srrangement Cal, ventilation Comments
0. | Mo, | Temp | viind liveration within room Rate e
°c oC |opeed Direction ‘ o AC/h -
I 2 3 4 |5 6 7 8 9 I0 ‘
1 |P/e/25 19.5 | I3.52 Ly I bslloon I €,P, No fan 3.9 Insufficient mixing
2 20.0 I4.5|3 w I balloon I E,P, I IT run.cont. I.84 Doors clored
3 20,0 | I4.5|% v I balloon I &,P, I IF run.cont, 1.80. "ooom
b 15,0 | 12,81 s I balloon 2 &,P. I P run.initially 1.69 v
5 20,0 | I3.5/2 Ty T balloon 2 &P, I IF run.cont. I.8% " "
6 20,0 | 13.5{ 2 134 I balloon 2 &,P, I DF run.cont. 1.88 e
7| CIR 20,0 - 1. - pulse from ges cyl.28P| I DF yun.cont. 0.I2 study vent.rate !'or Sh.
e | p//1t| 19.0 I14.2| 1 E 2 balloons 2 &.P, 2 IF run.cont. 1.56 Door 6pened twice
9 13.5 | I4.5|2 W 2 ballsone 2 E,P. 2 DF run.cont. 2,16 Door opened 4 times
15 | p/u/ro| 21.5 | 16.5(0 A 5 balloone 2 §,P, 2 DF & I CF run.cont. %.09 Doors open
I 23.2 17.0{3 & 2 balloone 2 ©,P, 2 IF run.cont. 9.76 Ineuwfficient mixing
12 24,9 | 18,0}3 v 5 balloons 2 E.P. ilo fan - Inpufficient mixing
12 Gn/c/y | 225 | 16.0[2 wew T btalloon 2 &.P, 2 IF run.oont. I.72 | Ventilator oloaed-iNo furn.
T 9.5 |1 15.0|3 e T balloon 2 ['.P. 2 IT' run.initially 2,73 -] Ae sbove & door open once
15 23.5 | 17.0{7 VW T balloon 2 £.P, 20F run.cont, 2.07 | Ventilator open-No furn.
16 ©B/c/6 | 20.0 | 16.0|0 v I belloon 2 &.P° 2 OF run.cont. 1.23% Ventilator oloM-No furn,
17 | 22,0 |14.8|2 - Nk I belloon 2 S.P, 2 UF run.cont. I1.40 As-above
163 20,9 | I7.0(3 3 I belloon 2 &.P, 2 DF run,cont., 3,10 | Yentilator opOn-No furn,
19 22,0 |I5.0|2 N I balloon 2 &P, 2 I? run,cont, 1.63 [ A jabove .
27 21,0 | 18,03 ° 2 I balloon 2 &.P. 2 DF run.cont. 2,82 .| As ‘above :
21 23.0 | 19,51 g T balloon 2 &P, 2 DF run.oont. 0,57 Voritilator: 010"4-1'“2‘“1"“’
22 22,0 i I balloon 2 SoP. 2 IF run.cont, 0, 97 A' sbove-fans below table
123 22.0 . I balloon 2 8.7, 22 IF run.cont. 1.56 As above-fans above table
?254 BB/C/37 227.0 18,0 3 W I telloon 25.P, 2 IF run.cont. 1.62 Ventilator olond-furnitwj
3 . 7.0 | 18.0{ 3 3 I velloon 2 B,P, 2 DF yim.oont. 2,70 Ventilator ppet-furniture

]



.Suzmery eheet of air infiltration rates (AC/h)

" (e) (v) (c)
Room - . fCalculation | Empirical | ¥Tracer gas method
Ho. fescription method using | value from | Calculated | Meen
‘IIEVE Date IHVE Guide | values value
I 2 3 4 : 5 6
P/6/25 | Seminer 1.84
‘ .80
1083
I.88
1.34 1.5 o 1.88
CIR Constant - - 0.12 0.1I2
Temp. Rm.
(sealed rm)
P/H/IT | Advanced 1.56
Laborstory
0.05 I.o _10‘56
P/H/I0 | Laboratory 3.09
0.04 L0 3.09
GB/C/4 | = 1,72
0.04 1.0 ' 1.72
GB/C/6 | Seminsr I.23
1.40
0,06 1.0 I.31
GB/C/37| Office 0.07 1.0 I.62 I.62

Teble 4.3
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ECEEULE OF ROJX! DETATLE:

Room Number ..P/G/ZS -Room De..cn, t:.on o Small Classroom
e e — — (Beminar Toom) _ _

Dimensions .. Length (m) ..5.8 vidth (@) .. 4.7
Beight (n) ..3,45 Yoluze (=) ..94.0

Orientation of Zxternzl Walls .. I) North
2) East

——.————_.——-_——-.—.——.——————

Approx.Helgnt of Llo._,. es 30m Jo of Floors .. 7
Beight of Room above G.L. .. 2Im Floor Level .. Sth

Vindow Type .. Hetal vertically pivoted non weather stripped-
Eindow infiltration coefficient C ™ 0.25 1/ms

Glass Area (22) .. 10, 98 Glacs: / Area of Vindow (m?)
Opeasble ..6,.57

Length of Vindow Opening Joz‘.n§ ee 25,1
. n

Glass Area / External Vall Area .. 30. 34 Opensble ..18"’

Constructim l‘eta 1 o

Vells I)Painted,plastered biocl:work,bu'ickwork outer leaf-two windows
2) " " ‘ " n " " _windows aboVé

5) Painted plestered blokwark with internsl door

4) " " " " " "

Floor .. Fitted Carpet

Ceiling ..Reinfor.ed concrete beams,covered with insulation materisl.all
peinted

Furniture and Fittings.Details <« 6 tables and I2 cheirc remained in the
room during the tcsts.

- W mn A W e e Gmn G mh G W e SR M e SRA B AR e Sme e Gt T SR eRR Gme e W e

Remarks .. No felse ceiling.Some crucke &round window frames.



-

Boom ¥o. P/G/25

L I WALL
ST T ST e oo ¥
l | - position of| thtles !
L Yesta 1 L _____
. ir
One oecillsting Py l’
desk fan
] N.u.
+ | 0 =y b 3078
3 o~ . ;TIF I,
=3 One balloon
i 2 b
r——— — - —— — "
i ‘1 | l\ 1 1 .
'L = =l ', { L | J.L__]L
— |
WALL 3
JI"\ 5.8wm -H‘

Teest I - I balloon -
Test 2 - Y balloon - I

Test 3 - I balloon - I

]
N

Test 4 « I balloon sampling points

1
N

Test 5 - I balloon sampling points

Test € - I belloon - 2 sarpling points

Remaxks

Tables apd cheirs remeined in the room
ebove positione,

I samplinz point EI’I -
campling point 5Py -

sampling point F.'PI -

I desk fen running
continuously

I desk fsn rumning

continuously

I deck fen ruming.
until steedy pesk
concontration

I deck fen running
continuously

I desk fan running

continuously

€P2-

during the tests in the

no mechanicel mixing



ECEENULE OF RO DMTAILE.

Room HNumber +P/E/I0  Room Deceription ..Lerze laboretory

Dimensions .. Lenzih (m) .. I9.5 Tidth (m) .. 7.45
Feigkt (m) .. 3.40 Volrze (07) .. 494.0

Orientation of Exiermel Tolls .. T) Vest

2) -
Approx.felght of Wiz, .. 30m  Uo of Floors -. 7
Height of Room above G.L. .. 25m Floor Level .. 6th

G A — - —— —— " —— —— — o ——————— -~

Uindow Type .. Metel vertically pivoted - non-weather stripped
Window infiltretion coefficieat C = 0.25 1/ms

Glass Area (@) ..30.7 ' Class/irea of Tindow (n2)
Openzble .. I3.1

Length of Tindow Openin: Joz'.ng «e57.2
. o
Glass Area / External Tell Area ..467% Openeble .. 209

Constructim Tetails ..

Viells I) Painted blockwork without plaster (internsl)

2) o " " " snd two internal doors
to corridor
3) Portially glacs partition with internal door

4) Painted blockwork, brickwork outer leaf - windows asbove

Floor .. Vinyl tiles

Ceilinz .. Concrete beams with infill psnels covered vith insuletion
neterinl end ell painted.

Forniture ard Fittings.Details .. Tables end benches with cupboerds
beneath

A e e . G - - W - w—— T =S Y G M e SRR dme e e

4
Rexarks .. yolume of enclose! spaces = 35m°

o e o e = - - —— -



ESCE='ULE OF ROJ! DRTAILLS.

Boom lumber .P/H/IO Roon Doceription ..Large laboratory

W ——— A T VD ———— ——n G W ————— — ——— —— — a— —— ——ap—

Dimensions .. Length (@) .. 19.5 Tiidth (ﬁx) e T.45
Height (o) .. 3.40 Voluze (1) <. 494.0

- - M - — A — - - ——— W —_—— — — —

Orientation of Exiermal Talles .. I) Vest

2) -

W e wme . . ————" o a— - — D e ——

A;p;o;.* Egi‘z-t_of 51337 es 30m To of Floors «o 7T
Height of Room atove G.L. .. 25m Floor Level .. 6th

- S . - . - —— — - — - G —————

Window Type .. Fetel vertically pivoted - non-weather stripped
Windov infiltretion coefficient € = 0.25 1/ms

Gless Arca (=) ..30.7 Glass/irea of Tindow (m?)
, Opensble .. I3.I

Length of Vindow Opening: Jo(insc «e57.9
. mn

Class Area / Externel Tell Area ..46% Openable .. 204

Constructi:m Teteils ..

Tells I) Painted blockwork without plaster (internel)

2) " " " " end two internsl doors
to corridor
3) Partially glacss partition with internal door

4) Painted blockwork, brickwork outer leaf - windows above

Floor .. Vinyl tiles

Ceilinz .. Concrete beams with infill penels covered with insuletion
material end ell painted.

Purniture and Fittinge,Details .. Tables end benches with cupboerds
beneath

— e e G e SR e e - - o e M SN G e GRe W eme e M TR GG SRS e e

S e e e e e e . - — - A —— o - - e W A wmm - -



Room No. P/B/IO ‘ Room Description ~ Large la‘borg:_tggz

R SR

T WaALL B =

) . . i :
F————— L__

. .”."“"‘"'Tf T~
L SR N
I P | W

™ w= H O
|
l
l
-

T benches & Totles -

Eenches & Tebles

_Aporox.ht. 0.9m 1 Enclosed spaces

: - shown in broken
M~ T T T« line
-

« =P, ) | :
ij_——'__r o (S | 8 I belloon for
o = _._Ecﬁ i Test Ho.IOWI2
vl <t I O 3 ,

]| S \ >

™ I belloon for
</ Test Ho.II

Test No.IO

I oscilleting
. () desk fan for
- Test Ho.II

|

|

|

- |
1 1 %

1] l E‘l: I oscillsting
L S0 | ‘® desk fan for
|
;

=
|

!

O
-
&

1

!
IJ

-
- ,
X _ [ R L
WALLS \_~ .
- 4L
.|

i 7.45m

- 2 desk fens and &
centrigugal fen run-
ning continuously

Tegt I0 - 5 belloonc - 2 sampling points Py

cp_- 2 degk fens rumning
continuously
.no mechanicel mixing

test II - 2 tollocnr -~ 2 sewpling points

Tect I2 - 5 balloons - 2 sampling points Py~



SCEEIULE OF ROJ! PRTAILS:,

Koom Mwaber .. GB/C/6  Boom Description .. Seminar room

Dimensions .. Length (m) .. 5.75 Width (m) .. 4.3

Height (m) .. 3.84 Yolunme (uw') .94.9°

D G - ——— C—— A — — A — - - S ——— s G- — o W S s - — o

2) -
Approx.Height of Bldg. .. I4.0m  To of Floors .. 2
Hleight of Room above G.Le .. I0.Om Floor Level .. 2md

Vindow Type .. Metal vertically pivoted - weather stripped
Window infiltration coefficent C = 0.05 1/ms
Class Area (@) .. 8.9 Glass/Aren of Vindow (m2)
Openable .. 3.65

Length of Tindow Openin:: Join; -« 10.9
. - m

. G o S N — . D D S e e G AR Gun . o e G o w— T amn S— ——

Constructim Petails .
Talls I) Painted blockwork, brickwork outer leaf- windows sbove

2) Painted blockwork without plaster (internsl)

3) Peinted blockwork without plaster and internesl door

to corridor
4) Painted blockwork without plaster (internal)

Fioor .. Vinyl tiles

Coiling ..- Roof - Metal decking with woodwool slebs between steel
beams - all painted - no false ceiling.

Furniture and Fittings.Details .. IO tables snd 20 choirs - roll

—— e —— o - e m— e m—— W Gt - A Gms G e Mmoo e S m————

Remarks ..Slight shrinksge cracks between roof ¢nd walls ecpecially
at the juaction with the internnl walls. One cord operated ventileto

incorporated into the wimdow frome. = _



Room Xo. GB/C/6

Room Description ~ Seminar room

WALL 1

Ea

I 11 =I; : 3
o oo Y SEETRI S TS B
~—— "1 . r— T/
| 1 : | N
. '
L_._l.._._....l — -—--—.i.....—-..'..!
r—— 7 T T T T T N
| ! i 1 i
| ! ' t ' @
{ SR | e e el e — e
g 3i--— ' p
Rj:— i r—‘"——Tv-—-—-.&stprox.posi—
p , ! ! ! if |3 tion of tebles
L L — — 4. — — A enomin
illating broken line
- _ for Test No.
r T W o21,22,223
derk fen ' ' :
— — b e .l
one balloon
\
. \ . e
WALL 3
. 4 Sea

All Tests - I belloon - 2 sampling points &P,

Test 16
Tegt I7
Test I8
Tect 19
Test 20
Test 21
Test 22

Teat 23

- window ventilator
- window ventilator
- window ventilator
-~ window ventilator
-~ window ventilator
- window ventiletor
- window ventilator

- window ventilator

closed
closed
open
open
open
closed
closed

closed

- 2 deck fane run-
ning contimoucly

no furniture

no furniture

no furniture

no furniture

no furniture
furniture
furniture - fanc
below tebles

furniture - fans
above teblec



“CF.E!‘ULE OF RO PXTATLS,

Koom Nm‘ber ..P/H/II Room Dex seription ..Advanced labm:atory

Dimensions .. Length (m) .. B.4 | Width (m) ..7.4
Height (m) .. 3.45 Volume (w") .222.0

Approx.feight of Dldg. .. 30m Yo of Floors s= 7
Height of Room above G.L. .. 25m Floor Level .. 6th

- GEL G - — D AN AR GED GE G — e - ——— - a— -

Tindow Type .. Metal vertically pivoted - non-weather stripped -
Vindow infiltration coefficient C = 0.25 1/ms

Glass Area (m%) .. 15.35 Class/Area of Tindow (m2)
Openable LR J 6.54

Length of Vindow Opening; Joz.ni); .s 28.9
. m

Class Area / Externel Vell Avea .. 47%  Openable .. 20%

Constructim Tetails ..

Talls I) Painted blockwork without plaster (intcrnal)

2) " " " u .and one internsl door
to corridor
3) w " " " (internal)

4) Pointed blockwark, brickwork cuter leef - windows above

Fioor .. Vinyl tiles

Concrete beams with infill penels covered with insulatior
msterisl end all painted.

Purniture ard Fittings.Dotailc .. Tebles and benches with cupboard:

Ceiling ..

—— A M . —— —— - - W — Gh— W SR @ e me e G S s SmAS wm s

Remarks .. Volume of enclosed spaces = JggJ

- omm S i e G G e e e e W e G e S e e VS e e e S



SCTEIULE OF RO DRTAILY.

Hoow Number '33/ C/4.  Room Description .. Seminar room

Dimensions .. length (a) .. 5.8  Tidth (a) .. .5T5
Height (m). .. 3.84 Yolume (o) .. X29.2

U T G G— — g ——— ————— G — ———— — ——— e —— a—

Orientation of External Walls ., I) FNorth

2) -
Approx.feight of Hldg. .. 14.08 Do of Floors o2
Hoight of Room above G.L. ..10.0m Floor Level .. 2

Tindow Type ..Metal vertically pivoted — weather stripped .
Window infiltration coefficient C = 0.05 1/ms

Glass Area (m?) ..TII.9 Glass/Area of Tindow (m2)
: Openable ..3.65

Length of Uindow Opening Jo%n;: oo X0.9
. (m

Glacs Area / External Vall Area ..53%  Openable ..I6%

— . G GUe GUe ST G GUR e A dEe WD G G ED WA GNe NS NS e G G G e Gem R GE e mer SR emn e

Constructin Tetails ..
: \ .
Talls I) Painted blockwork, brickwork outer leef - windows ebove

2) Painted blockwork, without plester (internsl)

3) Painted blockwork without placter and internal door

leading to corridor .
4) Printed blockwork without placter (internal)

Floor .. Vinyl tiles

Coiling ..Roof - ketal decking with woodwool slabe beifween cteel
beoms - ell painted - no felse ceiling.

Purniture ard Fittings.Details .. I4 tables end 28 chairs - roll
type blackboard _
Remerie .. Slipht ehrinimge cracks betwsen roof nd wille ecpécially

et junction with the jnternel wlls. Two cord ope'rs}ted ventilatore
incorporated into_the window fremes.

e L e el 0 e - - — o w— ———— e e W o ST s e e S SS em
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SCHENULE OF ROXY DNTATLS.

Eoom Mumber ..GB/C/37  Room Descriplion .. office

W D A W WD A A W A = —— - ——— — ——— —— ———— A ————— —— ——

Diwensions «e Length (in) .e3.78 . Uidth (m) .. 2.86
Height (m) ..3.84 Yolume () ..4I.5

G G . — Co—— —-—— - — —— A —— — ——— —— . — e —— — — — —-

2) -
Approx.Height of Dladg., .. I4-0m . Do of Floors ..2
Ieight of Room above G.L. .J0.0m Floor Level .., 2nd

Yindow Type ..Metal vertically pivoted - vea.ther stripped
Window infiltration coefficient C = 0.05 1/ms

Class Area (p°2) ..5.8 Glass/Arca of Window (m2)
Openable ..I.73

Length of Tindow Opening Joz.n;: ee5e32 .
. m N

Class Area / External Tall Area ..%53%  Opensble .. I6%

W - i A WP G A R G G GED WS e W e L W G GeD e men G SR S

Constructim Tetails .e

Vells I) Painted blockwork without plaster (internal)

2) " " " " and internsl door
to corridor
3) " n w " (internel)

4) Peinted Blockwork, btrickeork outer leaf - window: above
Floor .. Fitted carpet

Ceiling .. Roof - Metal decking with woodwool slsbs between eteel
beams - 81l painted — no false ceiling.

Prrniture and Fittingu.Dotails .. II filing cebinets, desk and a
few stocked cheirs

— S . o — WA e W G o e e e G e e R ST e G e e R S e e e e

Remarke .. Substentisl shrinkegze cracking between walls and ceiling.
Onoc cord operated ventilator incorporated into the window

freme, Volume of enclosed rpaccs = 5m2

— s e G o . e— e e A G G MR G e W W Gner e TR M S gae e e, —— ——— —



Se Bge of Tracex Gas Technigue to Measure Air Flow Rates

in Ducts
5.1  Introduction

The difficulty of meking sir flow measurements
on site, is the presence of the large muber of obstructions
such as dampers, berds and fans which either mean’ a low
standard of accuracy or a large mumber of readings; to
measure air flow ucsing conventionsl methods such as the pitot-
static,enemometer etc. The tracer gms method can only be used
where there are such obstructions or, mechanicel mixing, to
distribute the gas evenly throughout the air flow.

Various authors have written papecrs associated
with the subject, ecpecially with rcespect to measuring aeir
flow in coal mines where mozt of the earlier research was

performed,

' The theoretical background of the methods used
is veiry similar to measuring the sir exchanze rate in rooms
es previously mentioned in the earlier sections. The main
difference is that the absolute concentration value is
nceded to czlculate the air flow rete. The theory to the
methods used will be outlined ceperately althoush the besic
principlec are the same as dercribed in section 3.

5.2
Theoxy.

The technique of air flow measurements using .

8 tracer gas dependr upon releasing a knom quentity of gas



into the air streesm either instantanecusly or over w shart
period of time. When the tracer gae is evenly mixed with
the air streem, the gas coucentration can be determined,
arnd, knowing the quantity of ges released, or its rate of
releace, it is poscible to calculate the air flow.

5«21 Equilibrium Concentrstion Method.

This technigque requires a continuous, knowm
release of tracer ges given at a constent fhow rate (Y s)
wntil a steedy equilibrium concentration is reached within
the air flow at the sempling point. ¥hen a steady state is
reached, the quentity of sir flowing cen easily be detcrmined.
Assuning there is no leaksge from the duct and the air is at
the same comditions at the release end sampling points.

After a steady state is reached

Therefore Q= _ v (5.1)

where 1~ Q = volume flow Trate of eir (m3/ 8)
v = steady flow raie of tracer rms (mz’/s)

¢ = steady concentration at gampling point of tracer
gus present in the air streem expressed in paris
per million of air (ppm)

c;y= steedy initiasl concentration st campling point
of gae precent in the eir streem (ppm)

M
H



Equilibriun Concentration Method
e I00 Fig. 5.1

t (8) —

The thearetical concentration increase is shown in Fig.5.1 for

a step inmput of tracer gas.

5.2.2 Decay Rate Method

%ith the decey rate technique a known quantity of
tracer gas of mass m is releassed over é. short period of
time. 7The concentration of tracer gas at a point of uniform
concentration is recorded using a chart recoxder to plot a

time concentration curve such as shown in Figz.5.2.

At time ¢ the volume flow rate of tracer gar

past the camplinz point is: ¢ Q@




Pulse Input Method

.‘.2
100 1'.;15_2_‘.

80

T 60 _

c(ppm)

40

t(s)-——a—‘

Therefore the total volume of tracer gee past the campling

S c Qdt
(-]

Volume of tracer gas liberasted = m /e

point is 3-

o
Therefore _1_n_=5 cQdt = QA
¢ 4
Therefore Q = n® = _‘_r__(ma/s) (5.2)

A A

where t- ¢ = conceniration of the tracer gae at the sampling
point expresses in parts per million of sir. (ppm)

Q = volume flow rate of air (m’/s)



€ = density of tracer gas (kz/mJ)
= -mssoftracerm(kg)

v = volume of tracergas at atmosph@ric teuperat\n-e

and pressure (m,l.a) har) )
A -ma\mlerthetime concentrationema.

Agein it is assumed that there is no leaksge from the duct
and the sirflow is constant, It is also ascumed that by
introducing the tracer ges in the guction side of the
centrifugal fan there will be complete mixing at the
sampling point. |
5.3 Experimental Procedure ¥
A1l the exprrimental work in this section was
performed on the sheot metal ductwork system shown in Pig
5.3 An additionsl length of ductwork was fixed to the inlet
of the centrifugal fan so 21l of the tracer gas liberated
into the system was thoroughly mixed by the fan to create
a vniform concentration at the sampling point. "Hig-:lns
and Shuttleworth" in their experimental work, to measure
eir flow in coal mines headings using the tracer gas
technique, cglculated that a distence of 70 duct dismeters
on 8 straight ductwork cystem, is required to ensure that
the concentretion on the axis of the duct is within I% of
the mean concentration. With the ductwork system shown in

the diagram there is a centrifugsl fan and a damper to
greatly assist the mixing procecs.

The joints betwerm cech length of ductwark hed



Flate 2.

Ductwork system showine extract with frawe for

Eitot-ctetic Fuls,

Also ghown s- Centrifugal fan to remove contexinsted
air ¢o atmosphers



Ductwork Iystem

l e tlm '%a

i
!
e

Approx. distence from liber-
eting point. (duct diameters)

20 dia. SPI
e wreed

X
|
L

27 dia-.

3% dia.

L

+9m

A\
B5.65 m

R 1m

[

254x254 Duct (wm)

Fig.5.3

Key
F « Centrifugel fen
D - Flate damper

L ~ Trescer liberating
point

£P - Sempling tube to
gns enalyser



rubber ekets and all the uspection points were sealed
with tape 50 theie was negl:lgnhle leaknge from the ayat-u

~ The air flow rate in the ductwork could be
varied either by the blede damper which had e fine threa.ded
screw glving easily reproducible positions, or by the ‘
centrifugel fan with a veriable pulley sysiem giving a
renge of speeds which could be reproduced and checled with
a Strobatac. A range of aml.taﬁle‘ eir flow rates were V
selected using en elecizdcai veare anemometer for the
preliminary volume flow rates, for aif!erent damper and

for fen speed settings.

As with the air flow measurements in the
experimental room deccribed in fection 3, the air flow
was measured using a pitot-static tube and the dectrical .
micromanomoter manufactured by "Furness Controles Col A
frame was erected at the end of the duct to support the
pitot-static tube. This kept the pitot-ststic tube parallel
with the axis of the duct in each traverse position and

also reduce the vibration to the tube,

From B.D.848 Part I. 1963 for rectangulor azir-
ways the pitot tube should have been positioncd as shown
in Fig 5.4

This results in 48 observations which according
to a short note by the "National Engineering Laboratory"
in 7964, errors of 2% or more can etill be messured in

cortein types of asymmetric velocity distribut‘,ion.



Locetion of messuring points for rectangular sirwsyco
sccording to BE 848 s Part T 2 1963
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Locetion of measiring points used in experimentsl work
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254 mm

Fir.5.5



Considering this point, the duct was divided into I6
equai eress and g velocity pressure resding was recorded
at the centre of each division (Fig 5.5) As a further |
check the traverse was repested two or three times.

HPL modified ellipsoidel-nosed standard pitot-
static tube was used to measure the velocity pressure.
there the velocity profile across the duct was ntr@mely
irregular further measurements were made, but only in those
areas. Tho above velocity pressure messuremente wm'e mede

acrocs the duct for ench of the selected air flow rates.

As each of the tracer gas methods uced to measure
the air flow rate was different, they have been concidered

separately.

5.35.1I Equilibrium Concentration Method.

The spparatus was set up as shown in the |

schematic Fig 5.6

Due to the low ilow rate of traccr gas required
the regulating value on the gas cylinder was not censitive
enough, €0 a needle value wac used between the cylindrr
end rotometer. From the rotameter, two pipes. each with
glasc stop valves were used for adjusting the gas flow rate.

One of thece pipec was to the externsl fresh air co that
to set the necdle valve in its correct position , the gas

vas extract.ed with the sctop velve on the liveruting pipe

closed.



Trecer gae liberation point to duciwork sysiem



910

Schemetic of tracer sas liberating point
(®

-3~ Yo atmosphere

[

=~ Centrifugsl fan

- Liberating tube for
tracer gas

-~ Rotameter

GC - Gas cylinder - N0

Key
F
L
R

Yalve Schedule

IV 1 & 2 Isolating valves
(glacs-ware)

RV I Regulating valve
on gas cylinder

RV 2 Regulating needle
valve

Fig-5.6

Vhen the trecer gas flow rate and the whole system wac
cteady, including the gac ansglyser and chart recorder, the
stop valve to the liberating piint was opened and the other
stop velve closed simultennously. Vithin a few minutes

the steedy concentration level had been reached and the
irac.r gao flow was swit'c:hed off leaving the concentration

to decay to its initial level.

To acrint thic removal of contaninated air from
the room where the ductwork was crected, all the windoes
and doors were kept spen during the test period end a

Fon
centrifugal was uced cloce to one end of the ¢uct.
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Mamtopzvvent tracergas beixgmircnhted within
the mtuumaﬁectingtheresnlts.

m samplig tube to the gas analyser was
initislly positioned at the end of khe duct where the
pitot traverses were performed. This particular position
gave a very unsteady chart plot and therefore several other.
poeitions for the sampling tube were tried. Finally position
&Py was selechrl as. it gave a steady time concentration

cumve.

5.3.2 Decay Rate lethod

The spparatus used for this method was similar
to the previous mothod as shown in Fiz 5.6 Releasing e
known quantity of tracer gas over a short period to
produce a pulse input, wac achieved by having e steady
flow of gas going outside to the-atmo@here, then, when
required opening the stop valve to the liberating tube
and closing the other stop vilve for a few seconds.
The pulge input was normally liberated over tem or fifteen
seconds, then, the rcverse procedure was applied, closing
the stop valve to the liberating tube ant opening the other
to atmosphere. To reduce the uncertainty of inputting the
exact quantity of pas the experiment was performed seversl
times with different durations of tracer gas liberation.
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S+4 Results, _
5.41 Pitot vaeme lsethod.

I-‘or each velocity prescure obtained the velocit':
at th-.‘t point*‘us computed using the formulsa, and correc-
ti_on factors for air tempemtm-e and atmospheric pressure,
from section 3. Tho average velocity for the duct Qas
calculated by the arithmetical average of the point
velocities, and the volume flow rate was obtained by
multipl:ying the srca of duct by the average velocity
as described before for the circular duct. |

5.4.2 Equilitrium Concentration Method,

From the theory to calculate the volume flow
rate of air, only the flowmte of tracer gas, and the rise
in concentration to a gtesdy level at the sampling point
are required, The flow rate of the tracer gas was measured
with 8 rotameter which was calibrated for air; 50 a
correction factor was applied as discussed in further details

in Section 7.

The typical ouput from the Oxford Recorder of
one of the tests is shown in Fig 5. 7. Teble 5.2 shows
the results from all the tests end compares the volume flow
rates with those oBtained by the pitot traverse method.
From the plot i.n Fig 5. 7 it can be seen that he steady
concentration is reached within the first minute. Most of
the lestis were run over ot ioa:-t five minutes to verify

that the steady condition hzd been rcached.
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Equilibrium concentrction curve for

a step inpul Fig.5.7

Test No.4
Voloume flow rate of tracer gas liberated - 2.34x10°6m3 /s

Initial concentration = cj = 4.9 ppm
Steady concentration = Cy = 50.05ppm
Incrence = Cg— ¢g =45.T ppu

Colculeted air flow = 0.052m°/e




 5.4.3 - Decay Bate lethod .

" " The aTea under the decsy curve was meesured with

2 planimeter which was celitrated to give the vesult 'in -
The "y" axis of the decay curve is concentretion

of tracer gas expressed in perts per million of eir (ppm).
The Oxfoxrd Instrument Chart Recorder was calibrated in
absolute terms to correspond to the moving coil meter of
the infra-red gas analyser, and, this resulted in a sceling
factor of Sppm per cm. The *x" axis depends on the chart
speed of the recorder calibrated in cm per min,

y exis Icnm .represents 5 ppm
x axis Icm represents €0 £
chert speed cm/min

Therefore Icm® = 5 x 60

chert speed cm/min.

Therefore Area(cm2) = 300 x A
chert speed cm/min

Q=V /A

Therefore Q= V x chart speed(cm/min) /s

300 x Area under decay curve{cm?)




Mmamdcthadecaymmnamedtmorm

timuﬂtbmofthoﬂntemdingammedinthn
fmwmmnmuuoftmmm
measured with the dotamster was corrected formzuring
nitrous oxide as previously mentioned. A typical decay
curve is shown in Fig 5.8 for the resdinge indicated in
the table of results.

5.5 &pgrinental Errora.

The fouwr chief sources of error with the tracer -
eas wethods wore - | »
a) The poscibility of recirculation of tracer gas within the

Toom

b) With the decay rate method s the difficulty of imputting
an exact quantity of gus into the duct.

c) Obtaining e steady flow rate of gas with tie rotameter
d) Celitrating the chart recorder to the electrical cutput
of the infra-red gas analyser.
The first error applied particularly to the equilibrium
concentration method where larger quantities of pmas were
used with the higher air flow rates. This was clearly shown
when the tracer gas was switched off and the concentration
did not decay to its initial value. |
The de.ay rute mothod was repeated several times to reduce
the uncertainty of inputting en ex»ct quantity of tracer
gas. Yodifications to the apparatus were tried to inpht
& pulce of gas, but none of theze were as suceessful as

using the glasc stop valveg,
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Decay curve for g pulse input Fig.5.8

Tect Ro.22
Chart speed = 25cm/min.  Volume of N,0 released = 4.447x10" 43 /5
Area under curve (chaded area) meacured with e planimeter

- 48.4 pmz
- AB.7 cm
- 468.8 cm2

Yean = 48.6 cm2
" Cslcwlated eir flow = 0.763':-3/3.
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_Another error esrociated with this method was
Aobtainmgaetoadyﬂowra.te of gasd.th the rotamterto
create the puleo inpnt. Ms was alego a problem -ith the
equilibrium concentration method ac there wes some
fluctuation with the rotemeter even vhen the necdle value
vas inserted between the ges cylinder regulsting valve and
the rotameter. The chart recorder was calibrated with the
gas enalyser at nmeerly full scale deflection and then
checked at various other readings, but, there was the
unc-riainty of complete correlation.

The errors resulting from the pitot-siatic tube were of a
gimilar nature to those erising when the electronic micro-
manometer wes used to messure the air flow rate into the
experimental room. As previously mentioned fluctustions

in the velocity preecure rcedings resulted from the
instrument being underdemped.

5.6 Conclusion

The graph of the air flow rates by the pitot
trevorse method ecrinst the mean veiuves calculsted by tre
two tracer gac methods, shows & distinct devietion from the
ideal straight line. This hes been concluded after several
tects at each flow rate se shown in the tatles of results.
This may be due to systematic er ors resulting from the

instruments or ductwork syctem es previocusly mentioned.

The curve jointing the mean decey points gives



‘closer correlation v;tig the detum line from thetpitotw:s

truvmo uthod, thandoca the curve far the‘x‘:egn wteady

. with the etep input, some recircula.txon of 'the gns rlthi.n

PN T—
the ayatem would explain why the ealculated o.ir fl.cw ra.ten

(RPN wfj&‘ 3

avre lower,

¥ithout™ more extensive tests with other dnctvork
systems, no conclusive explanation can be made as to-uy
the tra.cer gas method was rezulting in lower volume flow
rates. What is evidentc is the speed of each test coapered

with the conveation'fnethod, ecpecially with the pulse input

which only took a matter of secomis to perform. This would
be particularly important if the airflow to be measured
had periodic fluctuations.

o emauiaee B . ¢



‘Volume flow rate of eir messured with the pitot-static tube.

¢

Test Fan-ipeed Demper |Pitot traversel!aan Deviation {Vol. air
No. | (rpm) |position|(I6 points) | about mesn| flow
I 2 3 4 5 | 6 7
T 940 5T ' 0.049 - =0.00T
0.050 I
2 940 | sI 0.050 i -0.
¥D-.0.0005
940 150 0.182 0.
4 940 150 0.18T — | -0.001
940 254 0.358 +0.00T
0.357 3
- 940 254 0.355 . — | -0.002 .
' ¥D-0. 5015
1940 200 0.546 +0.00T
0.545 4
B8 | 1940 200 0.544 =1 -o0.001
MD-0. 00T
9 1930 255 0.731 ! 40.001-
' 0.730 5
I0 | 1930 255 0.728 I —— | -0.002
¥D-0. 0015

1D - ean Devietion

Yable 5.4
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ompericon of methods of measuring air flow rafe in ducts,

Equilitrium concentrati

Test | Vol. oir | Vol flow rate | ¢, = ¢4 Vol. flow rate Mean | Deviation . | Pitot traverse | Dev, of Q .| - %
To. |flow trager gag=V g | BT 39 = V/eymey about mean (16 pointa) . with sol. 8 | Dife,
ref. no. | 107°n3/e prm (107°) m3/s n/e ' mg,/s : ; » ‘
ol 3 4 5 6 7 8 Ly 10
1 |1 1.30 24.5 0,053 +0.0005
2 1.30 25,2 0,052 0,005
3 1.30 24.5 0,053 #0,0005
4 2.34 45.1 0.052 -0, 000% -
20,0525 | 1D=0, 0005 0.050 +0,002% 5
3 2 3317 24.0 0.138 0,013 _A
6 8.383 52.7 0.153 +0.008 ,
1 5.333 34.2 0,156 +0.005 . ,
I 0,151 m-o.ggg 0.182 =0,0%1 17
g3 15.50 54,0 0,269 +0,005 ~
? 13.00 49.2 0.264 =0.020
o 4'55 1507 00289 ’o-m ) ' i
I 8.45 28,5 0.296 ] 40,012 ‘ ‘ :
0,264 | 190,010 0.357 =0,0T3 2
A g 18,717 37.0 0,506 40,033 :
13 13,000 23,2 0.460 -0.0I3 :
4 18.717 28,0 0,492 40,019 Lo
I5 . ' 80450 18.9 00446 -00027 . R
16 ’” . 130300 23.5 . 0.459 ) -00014 : e o
! . 0.47% _ [1D=0,021 0,545 —nf,072 I3
oo 25.08 36,7 0,682 . -0.014 o g
I8 25.03 37.0 0.678 =0.018 . |
|5 3.2 45,0 0.693 -0, 003 R
2 37.70 51,0 0:739 ] 40,043 : R




Compericon of methods of meesurire eir flow rate in ducts,

Rate of decey using tracer gas end pitbt traverse methods

Test];Vol. eir Flow rate (Duration | Area under | Chart recorder Vol.flow |Yean ;Deviation [Pitét traverse|{Dev, of § | %
Yo iflow  |Ereger gasof input | curve speed of gir Q about mean|(I6 points) . |with col.IO | Diff,
iref,no., |{£0™°m3/s ) em? en/min no/e /e S 770 »
r 2 3 4 5 6 7 ) 9 10 I 13
r | 1 4,55 I0 6I.4 25 0,062 -0
2 | 4.55 10 63.9 25 0,059 «0,002
3 4455 10 59,2 25 0.064 40,002
2| 4.55 15 89.4 25 gagg;« +g-gg§ o .
° ‘ 43 15 2.1 _ 25 0.062 | MD=0, 002 0,050 40,012 %
7 I 13.0 10 67.9 25 0.162 «04004
g 13.0' I5 98,2 25 0,165 ~0.00I L o
9 13.0 15 9746 25 PR e T
I° .9 X 60.8 ® 0,166 | 10%0.005 | 0,182 <0016 9
I b 13.0 15 49.8 25" 0.326 < 0,025 o - W
I2 13.0 15 55.3 25 0.294 «0.007
14 13.0 10 38,9 25 0.278 -0,023 |
5 13.0 bty 3446 % 0.313 +0.012 , :
| _ 0.20I! }D®0,015 0.357 «0, 056 16
15 3 .77 15 7 T 0.473 =0,043 -
17 44.47 15 21.2 5 0.524 +0,008
18 44.47 15 201.4 50 0.552 +0,0%6
1) 44.47 15 107.6 25 0,516 0 :
. 0,516| MD=0,022 0,545 «0,029 5
2) 5 1447 i 82,9 %5 0.870 0,031
21 44,47 10 55.4 25 0.669 «0,072 ;
22 44.47 10 48.6 25 " 0,763 40,062 R IS
| 0.701| 1D=0,042 0.730 0,029 4




TRACER GAS ME THODS wm?/s

Tracer Gac Methods ~ Pitot Traverse Nethod

Yol.air flow ref, Mo.
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Yesn equilibrium concentration points
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= Mean rate of decay points



6.0 Cenersl Conclusion.

:0f the two methods of measuring ventilstion rate
© -+ :in rooms, the rate of decay method requires relatively k..u}tt)v.e
_time 4o give & result of the air change rate in an enclosure,

asouming perfect mixing and complete air changee, Previous
resesrches using nitrous oxide as a tracer have ectimated the
uncertainties of the method ac being up to — % ISE in field
conditions; This degree of uncertainty w's foud when comparing

a pulse input of tracer gas with the pitot traverse method in the |
.axper:lmental room. This is assuming very few schematic errors

with the pitot traverse technique, which wae taken as a datum.
This piece of work hes shown how difficult it is to accurately

mescure low ventilationmtes. !

Further complications were involved when field
tects were performed in othor rdoms with edditional veriables
of the exivrnel weather corditions. Without more extensive tects
to eliminate the ramdom and sygematic unccriainties, mo
conclusive result can be ‘drawn as to why the field tesis to
measure ihe ventilation rate sre so much higher than the

erdeulation melhod recommended in the IHVE Guide.

A1l the ventilation rates have been culculated
scruming prrfict mixing of the tracer gas end air, within eech
rocm. This is probably a cor:ect sssumption for relativeily smell
rooms with mechanicsal mixing, tut for the large laboratory PG/H/ID

even with three fens, this mey have been insufficient mixing.



~The technique of plotting the rate of decay of
nitrous oxide in - roonhae shown that results are r:asonahiv
reproduceble, providing, sufficient mechanical mixing is precent
in the room and the external variables az-e nlmilar‘

The infra-r~d gas snslyser essily detected low
concentretions (0 - 00 ppm) of nitrous oxide, and this resulted
in smell quantities of the gas being usec. Fitrous oxide is o

suiteble trecer gas as it is easily obtsinable, and has the
sdventage over meny ’othér tracers, of being non toxic, end non
explosive.

'IheworkinSectionSonueasm-ipgairflo':ln
ducts using a tracer gas method iilustrated how much quicker
the volume flow rate could be calculated compercd with the comv-
entional method of using a pitot-static inPe. In view of the time
involved in accurately measuring the air flow in ducts ucing
conventions) m-thods the tracer gas technique could have an
exciting futurc in the Building Services Iadustry. The min

diendvantsge is the hiph cost of the infra-red gos analyscr.
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7. Schedule of Apparatus

Model A.AT 600 Type U Scrial ¥o- I8

Manufectured by Sir Howard Grubb Parsans end Co Ltd.

Specifieations,

Veight - uppmumtely 251:g

Range - - High aens:ltivity o.toom. v/v of H0 in Hp ©
Low amsitiﬁty - O-Smppn Yfoof = = "

This particular non dispersive infra-red snalyser has

been designed and calitrated to measure concentration levels
of #Hitrous oxide, Measurement of th'e absorption of infra-
Ted radiastion ensbles the quantity {of mny gases in a
complex gas mixture to. be measured in this way. The function
diagram of the anulycer is illustrated in Fig 7.I

I.R.source

/ Lu.IJ \ e— Reflector.:

-t Rotating shutter
—
Filter cell ———E

Analyeis cell —>-

~4-~——— Reference cell

L
— - ——— Optical filters

Abhsorption
chamber

14
.~

-~ ~—_ Terforated metal

Metnl diaphras
FpRreAm diaphragm

Fir. 7.1



-
5

Anelyrer



Two beams of infm—red radiaticn of equal ensrgy are
mten‘npted b a rotating tvo hladed chopper driven at
conatmtapted:hichallmthebeanatopassintr-.
‘mittently, tut, simultanecusly th.wtggh osn anzlysis(semple)
cell assenbly and & parallel reference ‘cell, and onlo a
Luft pattorn detector. Tae reference cell is normally
filled with dry carbon dioxide freé air, circulated by the
pump through an absorber. The detector consists of two ‘
sealed absorption chembers separated by a thin metal
diaphragm. This diaphrorm with an ed jacent perforated

metal plate, forms an electricel cepacitor. The two chambers

ere filled with the gac to be tested so that the energy
characteristic of the gac to be measured ic selectively
absorbed. Vhen the sample is pasced through the enslysis
cell, the measurcd ges ‘present abcorbs some of the energy
to. which the detector is sensiticed, resulting in en
imbalance of enérgy causing the detector disphragm to be
deflected and so chenge the cepacitance. This out of
balance mode is corrected so as to be proportional to
theconcentration of the semple and & corresponding resding
is obtained on the moter and an electrical output is
produced,

Another gas elco present in the sample, will
not affcct the rczult unless its absorption bends vhich
overlap those of the gac being determined. Filter tubee
ere fitted containing the interfering gas which m:_nimizes’

the eff.ct of these other seces.
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The length of the mbsorption tube is designed for the ms
being detected - end the concentration required, .

Normal Operstins Instruciion, .

8) Svitch on.,and check that function switch it in operate
position which activates the pump and chopper.

b) Allow instrument to settle which normally takes 45mins

c) et to gus sensitivity rcquircd as specification. Nearly
a1l the experimentel work was caz;ried out using the high
sensitivity range. |

d) With puitable non-absorbing gas flowing in enalysis
cell, check zero setting. Set zero control if neces:ary
Ordinary air wes used for this but carbon dioxide free .
oXygen, oxygen,nitrogen or any gas that does not sbsorb
infra-rcd radistion could have been used.

For further details such ac gac connections, zero unobtainable
minimum edjustement etc the msnuel supplied with the
analyser should be consulted,

Calibration

Ae this particular inf:a-red gas anslyser was nearly new
and the “fine gain" control had been calibrated by the
memufacturers it wis sesumod to be correct, especially as
there was no available suitable gas mixture to test the

instrument.

To <heck ¢ libr:tion & testashould be introduced
into the mnalyser to give between 50-1007% F.&,D. for both
"hirh" and "low" sensitivity settings of the concentretion

cwitch.
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From the metér sc-le and the calibration chart sny smell
exrors should be corrected a-cording to the sppropriate
ingtruction 4n the operating menual,

T.2 Chart Recorder
Type - Oxford Instruments 3000 Chart Becorder

The sixvayplug at thevurofthsinfn-redga.analyser
provides D.C. output of zero to five volts for a potentio-

meter recorder.

The potentiometer Recorder could be switched to
provide a suitable sensitivity irom the analycer output.
The recorder could also be calitrated ageinst the meter scale
of the anslyser to give sn gbsolute reading or plot of the
concentration as required. There is a ranre of chart speed
from Icm per hour to 50cm per minute giving smple range for
ell the tests. For further details of celibration and
ed justmwent, the operating msnual should be consulted.

Another chart recorder used for only one vc;rxtil-
ation rate meesurement wac tt~ followin~t -
Level Recorder Type 2305
Fenufactured by "Bruel end Kjoer"
This is a much more sophicticated recorder,with the appropriete
Logarithmic Renge Potentiometer which gives a straight line

f
output in this cace, consiierably reduced the time of
snelycing tle results. The recorder wic only used once
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becaues on subsequent tests, the two recorders  were
connected in parallel to the output of the gas enalyser
which resulted in overloading the analyser. Also the level
rccorder woighs 25kg which nhkes it unsuiteble for field

work.

7.3 Licromnometer

Electronic Micrpmanometer ¥DC
HNanufactured by "Furness Controls Ltd"
The ¥DC Micromamometer is a sensitive pmess\n-é measzu-ing
device capable of mcasurine e ges pressure equivalent to
0.00I mu wz to I0 me wz. It has five ranges which are i-
0.00I - 0.I, 0.3, I, 3.0, T0 (mm wy)
The instrument is fitted with a linear scele which can be
read to 0.5% F.“.D. but as it is under damped tie fluctuation
of the meter neddle resulied in & lower accuracy than could
have been achieved with such a micromanometer. A demping
switch is provided which increases the time constent of
the measuring circuit, btut even with this, in the “elow
Fosition"the mcter was considerably flpctuati.na and the
observed mean vig sssumed. The instrument har & wrm up
time of approximetely 30 mine, but it cen be used during
this period if the zere is checked occasionaly end adjucted
accordinely. For further Cetails of the op rating and
ralitration of tke inctrument, the inctruction renusl

chould be conculted.

Vernicy Reedin~ Licroninometer.
Lemufcctured by “C-". Cecille rmd Co Ltd"™  Loryon




a) Flectronic Hicromanameter

b) Verrnier Reading Kicromanometier

¢) Electricel vane Anemomater



!'hevemiwrmicromometzrtasnaedasafinal checkonv

the calibratx.on oi the elec.tromc mcroxmmetzr mnnfacturcd

o

b; 'F\n-nea..Control.s. ‘.l:heinstrlmntmarane,uox o-aoo
mm,anithevemurcmmndtoc.oz:uq.

The inatxMt. consists o:!' e flexible "U™ tube
manometer with ope end connected toz'a reservoir and the
other 4o a measuring chember. Both the chamber and reser-
voir containinz water may be moved vertically and the
movement sccurately measured. The measuring chamber
contains a stainless steel needle which is fixed, point
upwards and the needle and its reflection, produced by
internal reflection, can be viewd at 45° from a window
in the bottom. When the tip of the rwflection just teuches
the tip of the needle, th» necdle is Just in contact with
the underside of the water . surface. So the position of
the water surface is cecurately dedermined.

The vernier manometer was only used for checking
the celibration of the electrounic micromsnometer and wnc
not used for takinz readinze of velocity prescure, from
the pitot-static tube trevers s across the duct as the
former ic overdomped which resultc in a long delny between
resdin~s. The vernier is more difficult to resd thun &
meter dial also resultin: in a long experimental time for

each pitot tube pozition in the duct.

7.4 _Smoke Gonorator Fyrtom for Flow Ventiletion in Air.
H.P.L. Dezcipn. Memisctured by " T.E.M. Engincering Ltd"
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!‘he moha generator was used to emmine the a.tr flar

g-pas.

patterns in the exp°rimental Toom. Wlth this pa.rticula.r
smoke, gemrator oil 1!5&%«3“25:5&@ o emall diameter
tube to the sooke poobe 'h;ch has a}: i.ntegr:al electncal
heating coil vhich vaporizes the oil immedistely before

the exit orifice. The volume flow rate of emske i controll-

able according to the air velocity being traced,

7.5 - Rotameter

Gapmeter Lab-kit Any flow from 25 to I00,000cc/min Air
Yamafactured by Platon Flow Control

The totameter concists of a long graduasted tube
having an internal uniform tsper, with the cmaller crocs
sectional area at the bottom, and the axis of the tube
vertical. A float shaped according to the flow rate snd
dencity of the fluid to be measured, moves freely within
the tube. As the rate of flow throuzh the instrument
increases, the float riscs in the tube increasing the srea
of thc ammuler spacc end keeping the differentisl precsure
across the float at r fixed value, '

The rotametsr used in the experimental work are calibreted

for sir at normal temperature and pressure. (20°C, I,0I3 bar)

Then the rotameter wac meacuring nitrouc oxide at (ATP)
atuospheric prossure end tempersture (20°C I1,0I3 ber)
the obcerved flow rate QOBL ce/min was corrected for

nitrous oxide by )

Q CORR = __e_é_I_R____x Q OBS
€ 0



3.

shere Q Corr = Coriected flow rate for nitrous oxide cc/min
Q 0B = Observed . ™. . " calibrated for air cc/min
€ N0 = Density of Nitrous Oxide at ATP (kz/m>)
€ ar = " % r “w w o

Q CORR = [I.205 x Q OBS
I.98

= 0.780 X Q OBS

As the density of the float is so large compared with the
gases involved, the former can be neglacted end no further

factor is mecessary in the gbove calculation

7.6 iscellaneous

Etrobatac Type I33I-A
lenufactured by General Radio Co

Foans.

I2" Oscillating Blade Sweep Desk Fans 55 wettis inmput

Mamufectured by "H. Frost amd Co™ - 2 Off

Fan {for experimental rooum
250mm diam Frame motor no. F 844
Electrical Input I00W - output - 50V I700 rpm maxX

I'enufactured by "Woods" of Colchester.
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