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APPLICATION OF THE TRACER GA S METHOD TO THE EVALUATION OF LOCAL AND GENERAL
YbNI lLAI IUN IN A I.J 5HUP A CASE STUDY
A. LEFEVRE - J.P. MULLER
Servi ce Thermi oue, Venti'l ati on, Ecì aí rage,
B.P. 27, 54501 VANDOEUVRE Cédex, France
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trolling the venti'lation in a workshop reouires the knowledge of :

flow rates ímplemented, the capture efficiency of the 'local suction
, the perfonnances of the generaì ventilation and the evaluation of
flow rates fn true contaminants generated by fabrication processes.
industrÍal environments, it is often dÍfficult to implement conven-
rneasurements enabling ventilation to be characterized (air velocity,

pressure ræasurements, ai r samp'l i ngs ) .
Using rethods of neasurement by tracer gas instead of conventional

methods makes lt easler to controì ventiìation due to :

- a possible control of the emÍssion ;
- the easy sampìing of the tracer ;
- t}te absence of ínterferences with a poìlution coming from adjoiníng work-

pìaces;
- the posslblì.ity of reproducíng several tÍmes the same test conditions.

AI}IS OF THE STUDY

The aim of the work which ls published here is :

- to apply tracing technlques ln situ, in a workshop of índustríaì joinery.
Thus, lt will be possible to make a global appraisaì of ventilation by
evaluatfng the capture efficÍency of locaì suction device mounted on a
machine and the effectfveness of generaì ventilation ;- to show the feasibility of the evaluatlon of source flow rates in true
contaminants by comblning reasurenents of concentration of tracer gas and
true contaminants at a same place. Thus, when the capture efficiency of a
local suctlon device on a machine and the source flow rate in contami-
nants generated by thls machine are known, it Ís possible to predict Ín
vhich extent it will pollute both the workplace and the workshop.

s ventilation circuits and the pìaces
sanpl ed.

s has to be generated and sampled in
ture efficlency and the effectiveness
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Points of
Parameters

Generatl on Sampì i no

Air-fìow rate : Q 1 3

Capture efficiency : a I .and 2 3

Lo
.g+t
L.õc,-E'r
c,+jctco

Efficiency of air
distribution : n

4 3and5

EffectiYeness of
ventllation : €

6 3and5

t

Figure 1 : l,lorkshop wíth.íts ventilation circuits and the poínts of
generatíon and sampling of the tracer gas

Table I : Polnts of generation and of sanrpllng.of the.tracer
dãpending ón the parameters to be detennined

DESCRIPTIO}I OF THE IIORKSHOP

The workshop of lndustrial iolnery. plant chosen for the stu(y- of locaì
and general ventif ationi-ii eqri-ppe¿ wtdtr U.o df fferent systems of ventila-
tlon. Those are :
- a suppll círcuit made of two ducts providing a balanced distributlon of

fresh'air ln the high part of tlre workshop ;
- an exhaust ciriutt" må¿e of ifrree netwdrks of ducts to which all the

machlnes ln the workshop ane ðónnecte¿. Two dust separators provlde the
flltratlon of the lnsplred air.

About thlrty machines eouiP the
stay. I'larks (a) to (f ) indicate the
ìocal caoture device has been masuret
ferent piaces in the workshop chosen
effectlü"ness, plus the machi'nes (f) and (i to l).

lt
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Flgure 2 : sketch of the workshop indicating the location
of rnachines ard the points of measurements

Table 2 gives the re'lation between the mark and the name of the
mach i ne.

Type of machine Mark

Wood turning machine a

Hori zonta'l bel t sander b

Verticaì belt sander c

Sandino turning machine d

Truing machine e

Double spindle shaper f

Single surfacer o

Joi nters h

Single spindle shaper I

Shaping machine J

Bright belt sander k

Router I

!
[:30 nr:28 ¡
I :3.6 n

3

tr

II
I

Table 2 : List of the machines which have been studied
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TECH}IIQUE S A}¡D MATERIAL OF I.IEASUREI.IENT

Tracinq technioue

The r.chnique consists in simulating the generation of true contami-
nants by a tracer of which condìtíons of emission, sarnpling and anaìysis
can be controlled.

The gas used for this technique chemica'lly stable and

easy to measure. Cons'idering the ed in reasurements in
iã¡ärato.y or i n si tu and ilependi crÍ teri a, he1 i um was

chosen as tracer gas by VAVASSEUR, MU N [1]' .- --fìgu.e 3 showi the detailed syno e rnaterial used during
the tests.

A probe connected with a pump colIects an "air-heliurr" sampìe in the
ventilåtion duct at about 80 diameters from the point of emission or djrec-
tiV at certaín characteristic points of workp'laces and/or of the workshop.

Thä mass spectrometer (ALCATEL ASM 110 T) rneasures the concentration of
trãcer i n 'the 

col I ected sampì e. The devi ce emi ts a conti nuous e'lectri c

sígnaì proportiona'l to concentration.
In the configuratÍons studied, the tracer coming from a pressurized

contai ner and par"si ng through a f'low neter i s generated by an emi tter (si n-

tered bronze or tube-diffusinq hy henispheres or jets).

Sampì'ing and measurement devi ce

Tracer generatìng device 1 - }lass spectrometer
2 - Sampling head
3 - Pump
4 . Sampl'ing probe
5 - Standard helium container
6 - Probe for the suPPlY of

hel 'ium

7 - Flowmeter
I - Pure helium container

I¡
a

Fiqure 3 : Measurement devices utilíZed with the tracer technïoue

t
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concentrations in steady state.
-t 'l se enerati on It makes it possÍbìe to study the evolution of the

racer c0ncen ra on without taking into account the possibìe exchanges
between the "underventiIated" and "overventiIated" zones.

Al r sampl ings

Air sampìings enable the different particle concentration 'leveìs at
dffferent places in the workshop to be calculated and particle size distri-
bution of the collected sampìes to be dedermined.

Measurements were performed using devices equipped with :

- ø 37 rm opened cassettes in order to determine the partícle size distri-
butÍon of wood dusts (samplíng fìow rate : 2.5 m3/h) ;

- 0 90 rn filters in glass fibers in order to determine weight concentra-
tions (sanpling f'low rate : - 9 m¡/rr).

1- LOCAL CAPTURE EFFICIEIICY A}ID AIR-FLO}I RATE OF A LOCAL SUCTIOII DEYICE

1.1 - Evaluation method

Some authors have already studied the capture efficiency of loca'l
capture devÍce usinq a tracer gas. FA

various nethods that can be used and
measurements in good conditions. FLY

retical approach of capture efficien
tory on a sucti on hood. HAI'IPL , NI EM

various parameters on the mixing o
(mixing length, particularities, isokinetic- çonditíons). ELLENBECKER,

RoBERT- [5], 
-VAVASSEUR, 

MULLER and AUBERTIN [1], have used the tracing
technique in situ.

The evaluatíon of air flow rates in closed conduits is the subiect of
an IS0 standard (IS0 4053/1.L977: Measurement of fluid f'low in c'losed
conduits - Tracer nBthods - Part. 1 General).

The tracer can be generated in two different ways :

- continuous generation which makes it possible to expìoit :

ffiases in concenträtions depending on tine

Capture efficiency a of a suction system Í! defíned as the ratÍo of the
contaminant mass flow rate directly captured (ñc) to the mass flow rate of
the contami nant di rectly generated (¡?¡e ) .

itco=E x 100 (%)

s
t

fìow masurements can be repìaced by concentratÍon rneasurements in
ion duct :

II
a

l¡las
the suc
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rl* = Qel (Cr - Co) and rÎc = Qåt(Cz - Co)

Qs1 and Qåt = fìow rate exhausted by the capture device 1

- Co = man concentration of the tracer ln the alr without any
generati on

(m3 /s )

(ppm)

(ppm)

et
s0

Ct = rnean concentratlon of th
totaìly generated in thi
centrati on )

racer in the duct when it is
ne : point I (référence con-

Cz

- ôX. = tracer volume flow rate

l.lhen the suction flow rates 0
efficiency can be calculated from the

= mean concentratlon of the tracer in the duct when ít is
generated at a place of the workplace (point 2) and sÍmu-
ìates the emisslon of the contaminant (measurement ln
working conditíons) (ppm)

(m¡ltr )

and constant,al and Qå1 ôFB eoual
Ïõl I owi nf 'reì ati on :

Cz-Co
d=-

Ct -Co
x 100 (%)

For measurlng the concentration Cz , it is considered that the tracer
flow rate suddenty changes fronr a nil flow rate to a flow rate tlg.
(step up).

Then the concentration C gradually increases with time. The evolution
curve of 6 schematical ty sñows ü¡o time constants :

- the first one, reìatively short corresponds to the accumulation of tracer
in the volune, directly under the lnfluence of the capture devlce ;

- the second, longer, corresponds to the accumulation of tracer in the
other places in the workshop. A part of the tracer which is not affected
by zone of influence of the capture device is secondarily and indirectly
captured.

As the efficiency of a system is based on the concept of direct capture
of contaminants, efflciency fs defined basing on the deternination of the

value of õ to the steady state corresponding to the first tlne constant.
In practlce and except in the case of yery small premises, lhe time

constant of the rorkshop ls far longer than the tlne constant related to
the capture device. Thus, masure¡nents can be facilitated by averagíng the
efficiency value on a few minutes time after the flrst steady state has
been obtalned.

II
!
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The neasurement of the reference concentration t (tracer totally gene-rated in the duct) enabres the air flow rate suckãd in the ¿uci a; i; Ë.calcuìated from the fo'lìowing relation :

öx.
0 (m3 /s )-6e (Cr -Co).10 x 3600

These f]ow rate reasurements
standard 4053/l ,L977,

are performed accordl ng to the IS0

1.2 - Results of the measurements

l{achi ne
(mark )

Tracer
concentrati on

Aír
flow rate

Capture
effÍciency

Cr
(ppm)

C2
(ppm)

Qe

(m3 /s )

d.

(zt

a 179 170 0.48 95

b 137 t22 0.63 88.6

c 337
t67

305
167

0
0

2s
51

90
00

3
I

d 207 207 0.41 100

e
118
114
163

116
110
159

0. 55
0.77
0.53

98
96
97

2
2
5

f 95 93 0.93 97.7

I 143 l4l 0.60 98.5

h 131 131 0.66 100

I 90 86 0.6 95.2

The study concerned 9 machines located ín the workshop and consideredas representative of those used in wood industry. For each machine Tabie-ãincllcates the air flow rates exhausted ani the capturÀ efflciency
meas u red.

tI
!

Nota : Tracer gas flow rate for all tests : ûuo = 0.3 m3/h
The meañ concentration of the tracer ifittne-ài*ilnort
any generatlon for all tests t õã'= 5.5 ppm

Table 3: Capture efflciency and air f'lor rate sucked on the machines

7



Depending on the type of the gener¿¿s( wood shavÍngs, the. machines in
thls workshop are connected to three different suctlon devices. Tracer
technique enabled each air flow rate exhausted to be calcu'lated. Table 4

lndicates the air flow rates neasured for each circuit.

Air
flow rates

(m3 /s )

Ci rcu i ts

Exhau s t
1

Exhau s t
2

Exhau st
3

Supply

exhausted Q. 6 2.45 3.55

supp'l i ed Qs 11 .8

Tabìe 4 : Air flow rates impìemented Ín the workshop

2 - EFFECTIYEHESS OF GEIIERAL YENTILATIO}¡

2.1 - Evaluatlon method

It is
shop when
tlon. This
flow rate
V (m3) :

often necessary to use the notion of air change rate in a work-
data are not iufficlent for the calcu'lation of general ventiìa-
nominaì alr chanqe rate is defined as the ratio of the total air
suppìied or exhãusted 0 (m3/s) to the volume of the workshop

0n=
v

The inversion of nominal air change rate is called time constant of the
system t,r.-'--itriittapproach of general ventilation ís far from being performant and

does not eriabl e- i tl oîal i ty to be eval uated nor i t to be ouantl f I ed. The

search for a better knowledle of generaì ventilation effectiYeness has been

therefore theorãiicatly stu¿ied-and the results have been validated both

in laboratory and ln situ-.
tllogEne', S¡öBERc [6], SKÂRET [7] havç. maintv _{qgied-!!9. theoretical

aspeðt of thä p"õ6iär.'ilil¡oxó5i1,'ruiEr'ril-Ä [a], nlemELA.,.ToPPtll L?] !ll:
sti¡¿te¿ the general ventllation of various woikþlaces and thus demonstrated

itrã possiUilittâi offered by the t acer rBthod ln order to evaluate its
effectl veness.

The mthod proposed by those di f ferent authors bri ngs in nerú notions.
They differenciate :
- t-tre way the frãifr compensation air is distributed ín the workshop (fresh

air distributlon) ;
- itte ðapacity oî-ãrñarsting the contaminants spread ín the workshop (ven-

tltation effectiveness).

2.1.1 -Air df stribution

Air distribution ls detennlned by generating a tracer into the lYstem
of fresh- ãtr suppii and by sarnplinls-in thq exhaust ducts at different
placei-in it'e *ó.[si1op. Traïer cönceñtration ís teasured according to time

tI
a

L

-8-



(C. (t) concentration in the exhaust duct, Cp(t) concentratíon at thepoint p).
Average air exchange efficiency for the who'le workshop <n> ís defÍned

as the ratio of the system time constant r, to the rean resídence time forall the air in the_room rr. "" is defined ai to twice the interna'l rrìean ageof the room air mlecules' ."p, [7] [10] :

< Tl> = þ r 100 (%l,r

By measuring the loca'l ÍEan age of the air at point p: r,., ôñd by com-paring it with the nominal time constant of system r^, thË ventilation
potential in the zone can be evaluated. The local air äxchange lndlcator
np is defined as follows :

np
rn 

roo2"p
(%t

In additlon to the determination of t,.,¡ (r¡) and t,., it is possible,
using the measurements of concentration in tthe tsduct, to calcu]ate a nrgan
exlt age rê whlch does not depend on the air flow in the room. Ì,lhen thereis no uncontrolled aír suppìy or exhaust, re = rn.

From the concentration Ce (-) measured in steady state in the exhaust
conduits, a continuous transfer coefficient Ki. is defined as being the
ratio of this concentratlon to the generated tracer flow rate i¡¡..

The relatÍons whlch enablê <r..> r rn , to ônd K¡o to bä'calculated
are gíven in Table 5 accordlng to thË way tñe traðer is gänerated.

2.1.2 - Effectiveness of the ventilation on the contaminant exhaust

The evaluation of thls effectiveness is calculated from the generation
of tracer around the machlnes located ín the workshop and from sampìíngs ín
exhaust conduits and various characteristic points in the roon.

Tracer concentration is læasured dependlng on time (C!(t) concentratlon

ln the exhaust duct, CF(t) concentratlon at the point p).
The npan ventllation effectivenerlzlng the contamlnant removal av

deflned as being the ratlo of the
læan residence time of contaminants i
the mean concentratfon in the exhaust duct Co (-) to the average of
concentratf ons at the dl fferent sampl i ng pöi nts p I n the room

'$ (-)r when the tracer ls_generated in the room [10] :

¡¡
a
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As for the evalu ution performance' it can be defined a

locaì ventllatlon ln ng capäcity of exhausting the contami-

nants generated at a- ; ãt point p ls I an concentration in the exhaust duct

f.f-l to the concentratlon reasured at point p t ffi) when the tracer is
oènerated in the local : t)

c
< Ep> = "n .1oo (%) =

ce ) .100 (%)

-cug .C; (- )t

-c
"p

c.(-) loo (%)

c;(-)

The ratio of the concentratlon measured at a point p t fft to the

tracer flow rate öHagenerated at another point characterizes the continuous

transfer coefficieät xio :

Klp = 1o-'
eF' - r.

(m¡ /tr)-t
QHe

It m¿st be noted that there is a close
coefffcient KiO and the performance index eþ

Kip =

.F . a.. 3600

1

relation between the transfer

1¡a 7¡ ¡ -i

) depending on time.

lt
I

oint P : tS enables the man evolution
nf ãepen¿iPng on time to be known' The

of the decaY curve :

(t) c
Ln(

flro) -%
ccurately the evolution of concentra-

decay curve in terms of time' In
of bvô stralght lines which shows the

'Lî¡I"ij.iitll.3' or contami nant at

polnt p to be calculated :

-i0-



-c'p lnstantaneous
I

rF Ínstantaneous tp
^t(r) - c0

¿Ln (

õFto) -%
The relations enabllng to ca'lculate rl, Ki,,, are given in Table 5.It should be noted that ín some cases"(fn'þarticuìar, when it is diffi-

cul t to measure CFi in exhaust ducts), it ís casier to study ventÍlation
effectiYeness from-the contlnuous transfer coefficient than usíng the local
performance index.

t¡
¡

tlhen air supplles and exhausts
Thls is why we take t^ instead of**Transfer coefflcie=nts Kr^ are
ventl I ati on ( I ocal and genb"ral ) .

on well controlled and known, re = rn.
t. for the calculation of <r^>.
iäìcutated for the workshöp's whole
If ody general ventllation ls to be

p = n5 where c is the local caPturestudied, it should be taken K'
effi cl ency.

I

Table 5: Formuìae used for the evaluation of ventilation effectiveness

lnJcctlon polnt Supply ùct In the roor

Locrtlon of
æasurlng polnt

Ertrrct d¡ct ln thc r.oilr In thc roor

¿ãttouo
L
e
to

o
C

Pul ¡c

'e
.çt. t*l-Çr æ

G (ce(t)-co) dr

, I
2t

,çtzrÇGl -co) drtp
n 6 fce(tl-co) dt

-c.'p
/:t. (cn(tl -co) dt

G {cf;f.t-cot at

Step up

Í1.r!Q-6 ry

'e. 4 rr - $!-t)-%l¡ 6.
(co (-)-co )

'E-r3,,-@-,*' 
tcf; l-)+o )

ffir -ÇÍlp ' lo't '
Qn.

Stcp dorn

'p'4 f ldt c--
h' Io

ltp - to-t '

^L-
- 11 -



2,2 - Results of measurements

2.2.L - Al r dl stri butì on

Tabìe 6 surmarizes the results of reasurements performed in sltu and

enabling the effectiYeness of air distribution to be evaluated.

Locatlon of ræasuring Po'int

Extract duct In the room at Poínt 1

C.(-)

qpr
re

r"È
o

Qxe

35 ppm

6.5 ppm

213 s

168 s

L.2 n3 lh

fl

/

/

/

/

190 s

/

/

/

/

Table 6 : Results of measurements

ilean and local effectivenesses of air distribution for the whole roorn

are Ínferred from the results :

<n>= 63 %

$ =56?
ripri 

33;toä:i::r$t"i'.i rn. exhausted air rlow rate catcutated rrom the
transfer coeffiéìent f.t^ is close to the one calculated according to IS0

standard 4053/1 - L977 (lee e 1.1) :

lì =-Ye -rfuo= 11'70 rn3/s' t¡
I

Tracer was generated at several- plac-es near machines b, -f, i, i, l-and
sqnpltngs were ñ;iò;mã¿ Jt points 1'to 6 and near machines f and i to l.
- - 'tatiã i gí*i, àiã0.¿iig to the poi nts ol-iglfrt seneratl on and

sampl ing, the concentratlons^ in steady state C3. (ca),- the mqql -age of
conianiñãnts ai-põints p t "F and the êontlnuous'transfer coefficient at
point p Klp.

The decreases in helium concentra
followed at four points (3, f, i

2.2.2 - Effectiveness of general ventiìation

-L2-



Loc¡tlon of
nea su rl ng

nt
I 2 3 4 5 6

b

cf l-vÇ
t;

(ppm)

(s )

K rP .10-6 (m3/h)-r 13.2 12.3

t9.3/6.8

407r

11.9 8.7 u.4 ll.6

ãir-rzÇ (ppn )

(s )f
c
pf

X¡p.10-6 (m¡/tr)-t 7 7.5 33. t

t6.4 /5.s

268

5.5 L2.l 35.3

I

if,-,rÇ
fc

p

(ppn)

(s )

K rp .10-6 (m3/h)-l 6.8 5.3 5.3 6.2

13.3/5.9

?23

6.5 5.8

f(-)/%- (ppn)

(s)J fc
p

Kip.l0-6 (m¡/tr)-t

11.715.5

5.8 6.3 5.1 5.6 5

1r . 5/5. 5

262

5

ì
{r-rlq (ppnr}

f (s)

Kip.l0-6 (m¡/tr)-I lll.l 5 7

¡

Iil NH 5.6 6

lt
?

tEmlssion and sampling point couple whlch has been the subJect of a study
on decrease in concentratlons depending on time.

Table 7 : Results of neasurements

-13-



Locatlon of
measu rl ng

InJectl on pol nt
pol nt

f I J k 1

b

;;
c

"p

\

t- )/% (pprn)

(s)

_ . t0-6 (m3 /tr )-l
P

F
p

fC
p

Ki

(-)/% (ppm)

I (s)

.10-6 (m3/h)-tp

16.7 /6.8

393*

11.4/5.9

255

j
cc(

p

fc
p

\p

.)/f, (ppnr)

(s l

.10-6 (n3/h)-t

225

ll.3/5.5

237r

t

cf t-v{ (ppm)

tF (sl

Kip.10-6 (rn3Ír)-t

r 1.6/6

97t

6

*Enrission and sanpllng point couple whlch has been the subJect of a study
on decrease fn concentrations dependlng on tlme.

Table 7 (continuedl : Results of measurements

t¡
a
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Emission at J

Sampì ì ngatK
-É
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p
(o)-co

5

C

Emission at b

Sampl ing at

t0

Ernission at L

Pli ngatJ

I t5

Emission at b

t
I
I

ì ing atf

5
0 I

r

2

3 Ln

c

0

I

C

ì c

Ln

Decay of Ln c depending on tfnB for dÍfferent Ínjectionand sampting poiäts in"tñ; ;ö;

Àc 7.= 277
ICÄ*.ìc
âY¿

ti=2mffi

ì. --2
\C
rl¡ Ê 37¡\¿
^u 2 ', =46¿1C¿tis Lue¿

.213¿
1 a 3

t ¿

Fi qure 4 :
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3 - CONTAI'II}¡A}IT GE}IERATIOX FLO}I RATE

3 . I - Method of eva'l uati on

vAvAssEUR, MULLER [ 1 ], BURGHoFFER, CHARUAU [ 11 ] have compared the

behaviour of å partícle loäiaminant with that of a tracer gas in air flows.
Thelr study shows that :

- thelr transfãr-coefficients ln a roon are almost similar when the aerody-

na¡nic diameter of partÍcìes is below 3 ¡rm ;
- errors on tranJrer coeffícients in the room are unsignifícant when the

ãerodynamic diameter of partlc'les remains below 10 pm.

In these.onàitions, it can be asserted that transfer coefficients Kio

(see t-z.I.z)--calculatéo from the true contaminant and tracer 9as arÞ

simll ar :

Kip = 1o-3 ) dust = 10-6 (
c3-co )h.lirt

with ö¿rra = dust flow rate (g/h)

E = mean concentration in tt..dy state, from the contaminant to

the point of ¡Ieasurement Cln. - tracer (ppm)

'** 
- dust (rng/m3)

% = nean concentration of background concentration at the point of

measurement ,*|. - tracer (PPm)

ffi - dust (mg/m3 )

The contami nant generation fl ow rate of the true contaml nant ís
inferred by apPlYing the formula :

åaust = 103.ôHe

(c¡ co) st (g/h)
(C¡ - Co)h.llr.

o
q

It
a

The studY of feasabllitY
dusts (horizontal belt sander
locations of the tracer gas

dusts) necessary for the evaluation
rate.

16
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hllrr rrl¡¡l¡r
0.7r

t¡lrl 2

l.l r

I

l
a-t

.\I

l¡rlrl I
r¡?
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Figure 5 : Workpìace with location of generation and sampling points

3.2 - Resu'lts of neasurenents

The contarninant generation flow rate in true contaminant was caìcu'latecf
fro¡n the different suction flow rates.

Table I shows the source flow rates calculated for this particle size
range depending on the sucked aír flow rate and on sampling devices.

Erhaus ted
alr

flc rate
(n3 /s )

Concentrttl on Contanl n¡nt
ceneratlon flow
rate < l0 yn

(o/hl
Polnt ilrotnt z

Pol
Totaì 

I

Dust
ntl. l0 ¡¡¡n

nt2.l0un
n'9/n3 )

Tot!l
Pol

I

Hellun (ppn)

Polntll Porntz

0.65

0.35

0.35

0.2

0.2

l.f4 r 0.26

1.36 r 0.37

1.25 t 0.3

6.55 t 0.87

7.41 c l.0l

0.55 t 0.09

0.72 r 0.16

0.6 t 0.15

3 t0.4
3.42 t 0.46

1.24 t. 0.24

2.4 t 0.37

3.22 r 0.5

16.t t 1.8

30.96t 3.1

0.32 t 0.06

0.56 t 0.08

0.77 t 0.12

1.02 t 0.15

17.7s r o.8s

3.7 t 0.5

4.3 t 0.5

4 t0.5

18 t 0.5

19 t 0.5

2.4 t 0.5

3.5 t 0.5

tlt

23.2 t 0.5

37.5 t 0.5

45t25

50r30

45i30

50!10

54tll

40t33

48t26

52t 8

62! I

The concentratíons incllcated fn this table are the concentrations

]¡
a

neasured Ct minus the background concentration Co.
Hellum"flow rate ôF. = 0.3 m3lh durino the rnðasurement cafnpaign.

Table I : source flow rate for a horizonta'l belt sander

L-_
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DISCUSSIONS

I - lleasurements of the exhausted alr flor rates and of the ca re
c ency o su on ces

The appllcation of tracer technique to the reasurement of exhausted air
flow rates (Qe) and to capture effíciency (c) is quite simple íf certain
conditions of irnpìementation are respected ('lenqths of "good mixtures",
time constant of the room. . . ).

This rcthod presents the advantage of being ouick reproducible jn time
and it enables the comparison of the various nethods whích can ímprove
capture (modiflcation of sensors, increase in aír flow-rates). At the same

time it guarantees that there are no interferences coming from other
workplaces. Thus capture efficiency of machine C could be increased from
90.3'to 100 % by increasing the ali tlow rate fror¡ 0.25 to 0.51 n3ls.

2 - Effectlveness of general ventllatlon

l,lhen analyzing general vent
- the vray fresh compensation

distribution);
- the capacity of ventilation

r00m.

ilation, it Ís important to differenciate :

air is di stributed in the room (fresh ai r

to exhaust the contaminants spread in the

2.L - The way fresh air is distributed is characterized by :

- average air exchange efficiency <n > ;
- local air exchange indicator ¡n.

They are equal to 100 % wheñ the flow is a piston flow and to 50 % in
case of complete mixing.

In the workshop itu¿íed <n> = 63 % and nn at point I is equal to
nr = 56 %, It can be concluded that the flow is ã Oisplacement f'low, half-
wåy between piston flow and complete mixing. This seemes to be in accor-
dance wíth reality since compensatlon air is introduced evenly under the
roof and aír Ís exhausted near the floor at points scattered in the who'le

be noted that air mixing is almost a compìete mixing at t
I
I

2.2 - Caoacity of ral ventilation to exhaust contaminants

r00m.
It can

point 1.

ContÍ nuous transfer coef f icient k.¡r, or local venti I ati on index e$

enables the role of a source Ín the pollüfion of a point located at anothel"
place in the roon to be studied.

For each point of generation, table 9 gives the ratio of the transfer
lndex Kl,, at'point p to the index transfer at point 2. tlhen the ratio
exceeds Ï the source contributes more to.pollutfon at that point p than at
point 2. if tne ratlo is below 1, the source contributes less to pollution
at this point p than at point 2.

-18-



Emi ssi on
poi nt

Sampl'ing poi nt

I
k¡/k2

2

/xk
2 2

3

k3/k2
4

k a/k2
5

k5/k?
6

k6/k?

Machlne b
l.tachi ne f
Machi ne i
MachÍne j
Machi ne ì

1.07
0. 93
1.28
0.92

NM

I
I
t
I
1

0.97
4 .41

I
0 .81

Nl'1

0. 71

0.73
r.17
0.89

NM

0.93
1.61
I.?3
0. 79
0. 98

0.94
4 .71
1.09
0. 79
1. 05

Table 9: RatÍo of the continuous transfer coefficient at point p

to the continuous transfer coefficient at point 2 dependinq
on the emission Point of tracer oas

Comparing the mean age of contaminant at point rfi noint with the rnean

exi t aqe r^ -orovides 
some ínformation about the capacYty of ventilat'ion to

exhausI t¡rE'contaminants present at this point. The A.EPI ratio equa] to
t^/19 can be considered as an average air exchange performence indicator.s'Values above I indicate a displacement flow type and values be'low 1 a

short circuiting flow tyPe.
Figure 4 rings ouL,'at each point, twO states of.decay.^For each of

them, 
'ït is poss-ible tó ca'lculate a teân age of contaminant- rfi1, "f2. fnis

phenomenon shows the presence of under - and overventilated'zoneS in the
i-oom. In poorìy ventilated zones, contaminants are more sìowly exhausted
towards oúerveñti I ated zones. It increases the rtìean ages of contami nants
when the contaminants of the overventitated zone have been exhausted

For fou. r.rpliìg points,- fi¡fe tO gives the values chosen for rfi,

"!1, "fZ and AEPI.

Sampì i ng
poi nt

_ =L'gn
(s)

";
I- r'p

(s )

c-
"pi

1

5r
(s )

c- 1

"pz' \z
(s )

AEP I
re

=up

Poi nt 3

Machine f
l'lachi ne j
Machine k

2t3
2L3
2t3
2t3

407
393

97
237

278
342

16
160

611
507
216
275

0
0
2
0

52
54
2
9

Table 10 : Air mean exit aoe, contamlnant nean age
and AEP I for 4 sarnPl i ng Poi nts

3 - Cont¡nlnant generatlon flol rate

Results obtaÍned in situ show that the quantification of contaminant
generation fìow rate in ffne dusts ís possibìe by combining air sampìings
ãnd nreasurements of tracer gas concentrations at a same point. 

-
As regards the horizonõal belt sander, dust flow rate below 10 pm is

about 50 õ/h.-lt should be noted that the accuracy of the result (t 20 % to
t 60 %) cóul¿ be considerabìy improved by'lengthening sampìing times. Thus,
more dust couìd be collected on filters.

Ii
a

À-
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coilcLUsI0N

Tracer technique is a powerful too'l for a g'lobaì evaìuation of the
ventilation and decontamination of a workshop.

l{ith a same rrnasurement device lt is possib'le to:
- measure air flow rates in closed conduits ;

- ouantify capture efficiency of suction devices and optimize them rapidìy
by comparing various so'lutlons (shape of hoods, exhausted air flow
rates...) ;

- evaluate the effectiveness of genera'l ventjlation.
When the contami nant generati on f 'l ow rates generated by f abri cat'ion

processes are known, it is possible to predict in which extent they really
contamí nate workplaces.

Thus, industrial hygienists wil ì be able, from these various data, to
determine an order of priorÍty in theÍr actions aimed at improving the
decontaminatlon of workpìaces.
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