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Suuuanv
Measurements with tracer gases were performed, together with more classical temperature and air

velocity measurements, on various ventilation systems installed in the test chamber of Sut-zER INFRA,

in Winierthur. The test chamber was arranged to simulate an office room, with heat generated from

computers and occupants. Moreover, the contaminants from one occupant was simulated with a
tracer gas. This document addresses the measurement of the age of the air and of the contaminant

removal effectiveness at various locations.

Both displacement and mixing ventilation systems were tested, the latter with trvo difflerent inlets.

Two types of cooling ceilings, a closed, continuous one and a structured one, were installed.

As expected, both mixing systenL measured with the continuous cooling ceiling "on", reach nearly

complete mixing, hence an air change efficiency of nearly 50Yo and a contaminant removal

effectiveness close to l.

Displacement ventilation systems showed a larger air change efficiency in most cases. However, the

cooling ceiling counteracts the displacement and important mixing is observed when it is orU mainly if
the air flow rate is lower than 5/tr. A test without cooling showed a strong displacement effect, the
local mean age at all locations corresponding to an occupant being lower than the room mean age.

Except in this particular test, the contaminant removal effectiveness is generally about l. It should be

noted that, for these latter measurements, the contaminant source was not far from the inlet grilles,

which represents the worst possible case.

RnsuurB
Diftrents systdmes de ventilation installes dans la chambre d'essais de Sulzer Infra, i Winterthur, ont

6td mesur6s, d'une part en examinant les champs de vitesse et de tempirafure, et d'autre part au

moyens de gaztraceurs. La chambre a 6t6 am6nag6e de manidre i simuler un bureau, comportent des

occupants et des appareils g6n6rant de la chaleur. De plus, les polluants provenant d'un occupant ont
6t6 simul6s au moyen d'un gaz traceur. Ce document pr6sente les r6sultats des mesures d'age de I'air

et d'efficacitd d'dlimination des polluants i plusieurs endroits dans la chambre.

Aussi bien des systdmes de ventilation par d6placement que des systdmes i m6lange ont 6t6 examin6s,

ces derniers avec deux diftrents types de bouches d'entr6e. Deux types de plafonds refroidissant ont
6t6 install6s, l'un continu et I'autre structur6. .

Comme on pouvait s'y attendre, les systdmes i m6lange, mesur6s avec le plafond refroidissant continu
enclench6, atteignent pratiquement Ie m6lange total, donc un rendement de renouvellement d'air de

50Yo etune efficacit6 d'elimination des polluants de l.

Les systdmes i d6placement atteignent, dans la plupart des cas, un rendement de renouvellement d'air

superieur. Cependant, le plafond refroidissant contrarie le mouvement de piston, et un m6lange

relativement important est observd lorsqu'il est enclenchd, en particulier avec des taux de

renouvellement d'air inferieurs A 5/h. Les mesures sans plafond refroidissant montrent un effet de

piston trrls net, et I'age de I'air prds de tous les occupants est inferieur i l'6ge moyen dans la pidce. A
part dans ce dernier cas, l'efficacitd d'6limination des contaminants reste gdndralement proche de 1. Il
faut noter toutefois que, pour ces dernidres mesures, la source de polluant n'6tait pas trds eloign6e

des bouches d'entr6e, ce qui repr6sente un cas tris ddfavorable.
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IxTNOUUCTION
Within the frame of the Swiss national Program "Energy and Air Flow Patterns Within Buildings" is

was intended to evaluate several ne* ,oentilation systems and tests in a climatic chamber were

especially planned for that purpose. Therefore, some such systems were installed in the Sut-znn test

chamber, and various measurements were performed.

The LESO-pB was asked to prepare an experimental plan for such measurements and mandated to

develop a computer program to'intb.pr.t age of air measurements, to act as a consultant for such

measurements and to prepare this report.

This report is organised in three parts:

1. Planning of the exPeriments

Z. Age of air measurements: techniques and interpretation method

3. Results of the measurements

L. Pr,lNNfNG OF TIIE EXpnnnVffNTS IN TIIE CLfUAfTC Cnnn'fBER

1.1. Introduction
The scope of the global experiment is to evaluate various systems, that is to answer the following

questions:
i. how does that ventilation system perform to bring fresh air to the occupants?

2. how does that ventilation system perform to evacuate contaminants from a room?

3. how does that ventilation system perform to evacuate heat from a room?

To answer question l, the age of air was measured at various locations within the room. To evaluate

question 2, a contaminant iurce is placed within the roonr, and the contaminant concentration is

measured at various locations in the ioom. For question 3, .temperature and heat flow rates were

measured by Surznn, and will be presented in another report.

The purpose of this chapter is to bring some information on the use of the Theory of Experiment

ffanriinjto minimise the number of experiments. This point was quickly found essential, since, within

the verffimited budget, it was obviously not possible to perform extensive expensive experiments.

1.2. Experimental plans

The planning presented below is good to determine the most important parameters within the list of
examined parameters, or to fit a linear model on few measurements.

From a minimum number of experiments, the effects (i.e. age of air, temperature, comfort, etc.) can

be modelled using a linear approximation:

lj: oo+Eiai xit +zi * bi* xiixjk

where:
y; is the effect measured in experimentT
ii; is the value ofvariable i in experimentT
dll and bipuethe coefficient of the model to be determined.

(l)
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The.coeffici..*t g, are directly related to the importance of each effect and the coefficients bik,if
used, determine thb importance of the interactions between variables. These coefficients are obtaihed
by solving the system (l) after having performed the experiments.

1.2.1. Variables
Numerous parameters may have some influence on the internal air flow pattenL on the temperature
distribution and on the indoor air quality. We can enumerate the following ones, without claiming to be
exhaustive:

. Parameters linked to the room: dimensions, furniture and occupancy, location and strength of the
heat and contaminant sources, distribution and magnitude of infiltration paths, location of the
occupants.

. Parameters linked to the ventilation system: ventilation type, type and location of inlets and
outlets, air flow rate, air temperature.

. Parameters linked to the heating and cooling systems: type of these, installed power,
temperatures.

A study involving variations of all of these parameters, even well planned, would be very large. To
take account of the limited budget, the number of parameters allowed to vary in the present study
were restricted. to a small number. In particular, the room was always the same: square 7,25 x7.25 m
floor, and 3 m height. Furniture, sources and simulated occupancy was installed as shown on figure 1.

Heat source (cquter)

Heat source (person)

Cont4minant and heat sourc€ (person)

Heated, breathing mannikin

Sampling point

Plant

Figure I: Plan of the test chamber with furniture, occapants and wmpling points. Scale is l:100.
Sampling points are at l.l m, except at location 5 where air is wmpled at 0.2, 0.7, l.I, 1.3 dnd 1.8
m.

The parameters which were varied during this study are those shown on Table I. Two ventilation
systems (with variants) were tested, at various heat load and air flow rates. The internal loads were

N
N
@

@
O
ffi
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evacuated either totally or partially by the ventilation' the other part being removed by a cooled

ceiling, which could be on or off. Remaining planned parameters were:

. lnternal load, related to floor area, in Wm2,
o convective pa-rt in that load, that is part of ine load which is transmitted to the air, and

. specific air flow rate, related to floor area'

With cooling ceiling, the internal load could be higher,. and the air flow rate could be reduced'

Therefore, t['e fimitJare not the same with or without cooling.

Table I: List of parameterswhichwere varied in this sfiidy, togetherwith their plartned limits.

Mnimum Maximum Unit
Piston type

off
Mixing

on

Internal load
Convective part in load
Specific air flow rate

Cooling
off

30
50
20

10

20
10

Wm2
%

Internal load
Convective part in load

Cooling
on

90
80
20

30
20
5

Wm2
%

1.2.2. Proposed first experimental plans

Several experimental plans were proposed before doing the measurements, as a basis for the choice

of the definitive experiments. These proposals are based on the theory of experimental planning, and

;;ft;; *il1nr1n nu-Uer of experiments allowing one to assess the parameters of equation I with

a maximum accuracy. Since the number of varying factors is finally small half factorial, two-level

desiggrs are propos.d. to improve the accuracy oi ao, experiments could be added with all variables

at mid-range.

The cases with and without cooling ceiling and the case with complete mixing are treated separately.

arr tt 
" 

experimental plans are basei on *rf same frame, which is a 4 experiments partial factorial plan

for three variables. Normalising the extreme vatues of each variable to -l and *1, this plan is:

Variable
r23

-1 -l I
1-l-l
-r I -l
111

When this plan is applied to the three cases mentioned above, we get the experimental conditions for

,il pil;.a experiments shown on Table 2. Note that for the mixing ventilation systems, the

convective part of the hat load was planned to be always 50%'
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1.3. Experiments performed
The experiment finally performed were not exactly those planned, first because the limits of variationfor some variables were changed after the first experiments. Moreover, the convective part of theIoad was not changed but two types of cooling ceilings were tested. Most of the tests wereperformed with the ceiling cooling "on".
Therefore, the optimal experimental planning should be changed as shown in Table 3.
Table 2: First planned experimental con^ditions. Air change rate tthl is one third, of the specific air
flow rate.

Table j: Modified experimental planning .

However, this plan was even not exactly followed. the reasons why being the following:

' Il ord-er to adapt the program to the limited budget, the number of experiments was diminished.
Therefore, the internal heat load was restricted to two values, namely 60 Wm, for mixing
ventilation or when cooling, and 20 Wm2 with piston ventilation without cooling. That means
that no information on the effect of internal heat Ioad can be assessed.

Convective part
%

10
20
l0
20

5

20
5

2A

5

20
5

20

50
50
50
50

Ventilation

5

20
5

20
5

20
5

20
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Specific air flow rate was limited between 5 and 15 m3/tr.m2 for piston ventilation, and fixed to l0

m3ih.m2 for mixing ventilation'

Measured information was lost for one experiment (piston ventilation at higher air flow rate

without cooling ceiling) because of electric power failure.

1.4. Location of the sampling points

An essential sampling point is the exhaust duct. The concentration of tracer gas at this location is

required for the ,u.iution of contaminant removal effectiveness, of specific air flow rate (air change

rate) and of room n1.- 
"g. 

of air. The location of the other points were chosen according the

following considerations:
. The total numb". oipointr should be limited to 6, which is the number of entries in the Brtiel and

Kjaer scanner.
. This number is not sufficient to perform a map of the concentration. Therefore, a mapping plan is

not appropriate in this case.

. The highest attention should be paid to the occupants'

As shown on Figure l, the sampling points are:

1 exhaust,
2 within the lungs of the breathing, heated mannequin;

3 close to ttre trEated cylinder sirn-utating an occupant at a working place in the corner, l'l m'

hish,
4 close to the heated cylinder simulating an occupant at a working place at the desk, l'l m'

high, facing the mannequin;

5 not far nol- if,. **.qrin, in order to see the difference between the environment of an

occupant and the air she-breathes, which could come from his plume.,

6 at a location, l.l m. higtU far from any occupant, heat source or wall'

For contaminant removal eflectiveness msasurements, the contaminant source was placed on

occupant 4.

The characteristics of the performed experiments are summarised on Table 4'

Tabte 4: conditions in which tle experiments were performed.. Air change rate [th] is one third of the

specific air flow rate.

Internal load
Wm2Experiment

number

structured
structured
structured
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1.5. Measurement stratery

1.5.1. Age of air
The measurement of the age of air requires the monitoring of concentrations versus time. However,
this concentration cannot be recorded continuously, bicause of the analysis time (t minute).
Therefore, the time between two measurements at ihe same location is 

"quut 
to the number of

scanned locations, in minutes. In order to follow the changes in concentrations required for the age of
air measurements, this interval should not be too large. Frevious experiments showed that the time
interval should not exceed the quart ofthe nominal time constant. Therefore, the number of measured
points in an experiment cannot exceed the values glven in Table 4. If this number is lower than 6, the
experiments should be repeated, with the same conditions but other sampling points, until all tire 6
points are measured.

Table 4: Maximwn nrunber of sampted points for tlu measurement of the age of air.

1.5.2. Contaminant removal effectiveness

This quantity is defined in steady state, and tells how effectively a contaminant is removed before
reaching a location of interest. For such measurements, a contaminant source should be installed and
concentrations of the contaminant should be measured, once the steady state is reached, at the
exhaust and at any place ofinterest.

In the present case, .NrO was used as tracer, the source being the occupant 4. The tracer gas
simulates any contaminant coming from that occupant, for example body odbur or cigarette ,rnoi".
This occupant was chosen as a worst case, since he is away from the aiiexhaust grifl;s and close to
the breathing mannequin.

Contaminant concentration were performed at the 6locations mentioned above, then at location 5 at
5 different heights, i.e. at 0.2,0.1,1.1, 1.3, and 1.8 m., to get an idea of the vertical distribution of
the effectiveness.

Air change rate
Nominal time constant
Number of points
Number of exoeri
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2. MpISUnBMENTS: TECHNIQUES AND INTERPRETATION METHOD

2.1. Age of the air

2.L.1. Definition of the age of air

The quantities defined below are explained in greater detail in the literature [], 2, 3J and are only

briefly described h"* ih. particles 
'or ar*, air-coming from outside or from the ventilation system

arrive at a given location r in a room after a time r(r)which will vary from one-particle to the other' t
is called the residence time of the particie in the roont, or its age, ui irit wereborn when entering the

room. Since ttrere is a targ. n rnblr of air particles, we may define a probability density f,(r) that the

age of particles aniving at a given location is berween r and r+dt and a probability F,(r) that this age

is higher than t. rne ottowing relationships always hold between these two functions:

?and I IrO dt = Frft)
0

+ Exhaust

+Manikin

0 200 400 600 800 1000 1200

ElaPsed time [s]

Figure 2: Probability F,(r) that the age of the air is higher than a pre4efined value' measured at

two locations during experiment WII

The local mean age of air at a point r, -t, is deaned by the average age of all the air particles

arriving at that Point:

The room mean age of air, (t),
particles in the room:

a,j'ge a'
0

is defined by the space average ofthe local

ff=x"t
(2)

1.00

0.80
o
t)
E 0.60E
>l

Q o.+o
-oo
O.

0.20

0.00 1400 1600

(3)

mean ages of the air
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r, dt
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(4)

(s)

(6)

concentration measurements in the

where Zis the volume of the room.

2.1-2. Measurement method for the age of the air and related quantities
The basic principle is to mark the air to be-traced with a gas (the tracer gas), according to a known
schedule, and to follow the concentration of that tracer gui ut ihe location-of int.rrrt. T-his technique
is based on the assumption that the tracer gas behave-s the same as the air: no adsorptiorq same
buoyancy. It can be readily understood that if the air is marked at the inlet bV a short prlr. of tr..r,
gas, and if the tracer molecules follow the air molecules, they will arrive at'a given location at the
same time as the air molecules. In fact, the pulse technique ii not the only onJ and the probability
functions (2) and the local mean ages (3) can be measured by recording the time history'of tn. n"t
tracer concentration, cr(t), at any point, r, by either of three stiategies 

"slo[o*s,- step down: uniform concentration of tracer is achieved at thi beginning of the test, when the
injection is stopped,

- step-up: the tracer is injected at air inlet, at a constant rate from the starting time throughout the
test,

- pulse: a short pulse of tracer is released in the air inlet at the starting time.

A recent study [aJ has shown however that, for rooms with a single air inlet and a single air outlet,
the step up method should be preferred, since it is the easiest to f,erform in that case ind gives the
best accuracy. Therefore, in the following, we will consider only this case.

To interpret the recorded tracer gas concentrations and obtain the age of air, the background (or
supply) concentration should first be subtracted from all measurements, and the elapsed tlme st outA
be calculated by subtracting the starting time from all time values. In the following'formulas, the net
concentratiott,.Cn is the difference between the concentration measured at location r and the
concentration in the outdoor air. The local mean age at a given measurement location is obtained by
evaluating the following expressions:

Probability function for the local age of air:

F(7):w
; _tt"lC,(* t-Clt)lvr- Cl* )

Local mean age of air:

The room mean age of air can also be deduced from tracer
exhaust, C"(t), assuming a single exhaust and steady state:

,*r_ltrlCo/.. )-Coft)l\e/ psfCer@ )-C"(t)) (7)
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In equations (6) and (7), the various moments, p,, of the concentration are defined by:

Pn= jr C/t) dt

0

If there is only one exhaust (and no ex filtration as well), the nominal time constant of the room, 1,,

which is the ratio of the room volume and the volumetrii air flow rate, is equal to the mean age of air

at the exhaust, t,, since at this location, the tracer gas is well mixed with the exhaust air:

Therefore, the air change efficiency, tla, coo be assessed directly by measuring the evolution of the

concentration at the exhaust:

- -J---Ltta-z(t)-2(t)

(1 1)

get, for the first moments

trr= tr"
(e)

(8)

(l 3)

2.1.3. InterPretation

In practice, the various moments in the above formurae are carculated numerically, on the base of

discrete recorded values of the concentration and time. The following section.describes a simple way

to calculate these moments, using the trapeze method, whose general formulation is:

tN 
or=l'[':!* o,Irrr't 

i=o

wheref. isfor f(t) and At for ti *1' ty

Assuming a linear variation of the concentration in each time step, we

defined in equation (8):

u. = [qP 
*T,',Jo'. %(il' ta)

u, : 
erco 

**r,*!' 
",r)- 

+ e,(/v, t )

(10)

(12)

The number of measurements, il, could be large enough to ensure that the sum of the terms forT > .l[

are negligible, or, in otfrer *o.dr, ttrat g, iJvery tl6t. to the steady state value' In this case' the

remaining parts, E,(N, 7), are negligibte.' tn practicg, however, the measurement can be stopped

before reaching the'steaiy state. I;tf,is case, the tail in the integral of the moments is not measured

and it should be estimated.
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lvhere t, is a time constant determined by a fit on the last measurements, in the exponential part. The
time required for reaching an exponential decay depends not only on the nominal time constant of theroom' but also on the ventilation.system.fn cise bf completerni*ing and at steady state, the decaywill be exponential,fro..*" beqrnning of the test. In case of perfel aisprace-ent ventilation, the
.dt9uv will be very sharp after a time equal to the age of air ana ihe conceniration might ue negtilitie
before presenting an exponential decay.

VrxT u-ryoN EmcENcy MSASTJREMENTs

As shown in Figure 3, this tail is, in most cases, exponential. Therefore, for time larger than /, : NLt,it can be assumed that:

C* - C(t>N: [C- - Cir] *p(f) (14)

Note that a better agcuracy can be obtained whgn lp-plyrng equations (15) also on the measured part
ofthe exponential tail, as it was observed recently fij.

100

Ex
.E
o
El0l,
E'oI()

Elapsed time [uinutes]

Figure 3: Logarithm of the net concentration C* - C(t) versus time in a measurement. Ihe decay is
close to an e4ponential after 20 mimttes, tlat is a little less than the nomiral time constant of the
room.

When equation 14 is valid, the remaiTng part, en(N, tro), can be calculated analytically and the
following expressions are obtained, which can be ur"d in e{uations 12 and 13:

to= [C- -Crlra
€r: [C- -Cy)r6(y+ra) (ls)
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2.L.4. Error analYsis

This analysis intends to provide some guidance on how the measurement errors are propagated

through the interpreiation formuta to the-results. The general equation used below assumes that the

results of measurements, x;, "r. 
,*Aor,ty-aiJtiU'tJa u'ound an average value with a normal

distributiorU the standard deviation being o19. ffrt estimate o;, ol the errors on the results' y(xf'

when the errors on the measurements are independent of each other is then:

&(v)=>,[fr).'e,l (16)

Therefore, using the equations (6) and (7), we obtain:

o2(t) -o2(P) *o'!9
-r? lL; e

o2((t) ) :q(ErL* o'([rn)
(r) 2 Fr2 LL;

It should be mentioned here that the error of the concentration, o(e, should include the error on the

reference concentration too. It could hence be estimated at rE times the error of single concentration

measurement.

Assuming an error in the concentration, O(C), which is independent of time, and elrors in time o(f)

and in the final decay rate, o(tr), the errors in the various moments can be calculated' assuming that

integration runs from 0 to t, = l/At and that the remaining parts are calculated for t > tN using

equation (11). Moreover, in equations (19) to (21), it is assuired that the number of measurements is

large enough (e.g. more it an fb; and only the tutg.tt power of N or /, is kept in the sums'

o2(th) = (rrAr+ rhe(A + Cf + C,f &(t) + Cr?d(ra)

o2(p1) = (# +r](tp+trl')o'?(c)

+ (rd2 +tnfi Cnf o2(r) + CN'(r, +2lu)2&(ra)

o2(pr)= (ff +r]lr]+(r,u+tollz) eG)

+ [4(r,v * 
"r)' 

13 Ci. ti Cilo2(') + Cr?tZ (ro + tv)2 + Zr'll o2(1)

calculations of orders of magnitudes of these errors with usual values show that the larger is the

order of the moment, the larger the error is. Therefore, error on the room mean age is lar-g9r that the

error on the local "g.;a 
th;pulse technique inducer i.rgrr elrors than the two other techniques'

Errors in the concentrations have the largest influence. Errors in starting time may be important only

in the step-down and step-up methods. 
-c*" 

should also be taken in determining the tail parts, er,

according equations (13). Errors in the time constarfi Id may have a large influence and this

(17)

(18)

(1e)

(20)

(2r)
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parameter, if used, should be determined with the best possible accuracy. A rbcommended technique
is a least square fit on the logarithms of the last M concentrations, providing that MLt = ro and thatthis part of the decay i9 eporyntial [3J.In this study, we have calculated, for each experiment, theoptimal value of.l/to obtain the best iccuracy on the age.

A computer program for interpretation of the measurements is written on these basis and is given in
annex A.

2.2. Contaminant removal effectiveness.
Contaminant sources are located in the tgorrt and spread their contaminant. For each contaminant,the concentration is measured at location r and at the exhaust. The contaminant retnoval
effectiveness at location r is calculated by:

C.er:1 (22)

whe19 C" yd C, are respectively the net concentrations at the exhaust and at the location of interest,
resulting from a contaminant source located in the room, and after deduction 

"f 
th.;;;;;r;;;;,

outdoor air (if any).

This effectiveness is equal to I in case of complete mixing, since all concentrations are the same inthis case' It is zero when the contaminant appears at iocation r but not in the exhaust: the
contaminant is not ext-racted. It is higher than one when the contaminant is efficiently extracted, and
may even be infinite, ifthere is no contaminant at location r.
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3. Rnsur,rs

3.1. Age of air measurements

3.1.1. Experimental conditions

According to paragraph2.l.2 above, the step-up-technique was used in all these experiments' The

tracer gas (Sulphur'ir.lunuoride) was i"il"t"iiri.r,. air inlet duct, at more than 5 m upwind the inlet

grilles. In the first experiment, tle ,j."tion location was a little closer, and imperfect mixing of the

iru.., gas in the air w-as observed, as shown on Figure 4'

t4

t2

10

8

6

4

2

0

0 500 1000 l5o0 2000 2500

Elapsed time [s]

Figure 4: Tracer gas concentation at two ffirent locations in the first experiment' -The final
concentration should be the same. The observei dilrrrn", is an indication of unperJected mixing of

the tracer in the Pulsed air.

Samples of air were taken at fixed time intervals by the sampler and_ analysed with the Brtiel and

Kjaer 1302 photo urortti. analyser. The sefiing of that instrument are shown on Table 5'

Table 5: Settings of the Briiet and Kiaer 1302 pltoto acowtic arwlyser

Compensate for Water Vapour Interference

Compensate for Cross Interference

Sample ContinuouslY
he-set Monitoring Period

Measure
Gas A: Carbon dioxide
Gas B: Di-nitrogen oxide
Gas C: Sulphur Hexafluoride
Water Vapour
Sampling Tube I-ength
Air Pressure

NO
NO

YES
NO

NO
NO

YES
NO

16m
101.33 kPa

220C

ao
EbI
tro
c!

tr(l)
otroo
oo
ctl

F

d- Exhaust

Manikin

The data were automatically recorded in the B&K format on a MS-DOS floppy dish which was sent

to the LESo. rn.r., it es. iata were first translated by the code TnaNsBK to another format, in such
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a way th-at they could- be used _directly as an input file for the code Nrwaon, which calculates the
ages of air and their related confidence intervals at the various locations.

3.1.2. General results

The complete results are given in Annex B and summarised in Table 6. The average confidence
interval at 95Yo probability for the age of air is about I minute.

Table 6 : Sturnwry of tlw results of age of air measurements.

3.1.3. Nominal time constant

A first remark is that the nominal time constant can be estimated by two ways: from the measurement
of the air flow rate, Q, in the ventilation duct:

(22)
where V is the room volume (157.7 m3 in the present case), or directly from the age of air in the
exhaust duct. These two values does not fit in each case, as shown in Table 7.

V
rn=D

Table 7: Compartson of nuo estimtrtes
of the nomirul time constant [minutes].

Test
No

Nominal time constant
rn@) fromlr,@) from
exhaust I air flow

Lrll

I
TI

m
VI
vIIIx
x
)o

l8
22
22
34
t7
3l
23
l8

l8
l8
l8
35
t2
35
l8
t2

001

-1901
-2lo/.

4o/.

-3304
r3%

-26%
-38%

The average relative difference is -lTYo, the time constant
calculated ftom the tracer gas concentration at the
exhaust being larger than this determined from the air
flow rate. This systematic difference is larger than the
confidence intervals (both being about S %) and should
therefore be explained.

A possibility is a systematic error in the measurements,
but it should be noted that the calibration of the analyser
or the mixing of the tracer gas in the inlet aiq which are
the most likely errors, will have no influence on these
results. fuiother explanation is that a part of the air does
not leave the room through the exhaust duct, but through
other leakage.

This second explanation is supported by the fact that
there is an obvious correlation between the relative difference and the nominal time constant. As

Heat
load

Wlm2

Air flow
rate
m3/h

Local mean age of air [min]
at location

t2345
18 20 20 20 21 2t
22 2t 22 24 24 26

Piston
Piston
Piston
Piston
Piston

20
60
60
60
60
60

22611t4910
34 25 33 34 34 35
17616161819
31 32 32 32 33 34
23 t9 23 19 23 22
18 8 15 15 15 t4

shown on Figure 5, for small time constants (large air flow rates, thus high pressure differences) the
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difflerence is large and negative, meaning that the

exhaust air flow rate is smaller than the inlet flow rate'

For large time constants it is the contrary' Moreover,

the rooir is at a higher pressure than the exterior'

3.1.4. Local mean age

Table 8 and Figures 6 and 7 show the ventilation

efficiencies for each experiment and each location from

I to 6, and the relative local age, defined as the ratio of
the local mean age and the room mean age.

0.!
0.2

0.t
0.0

.0 .l
-0 .2

.0.1

.0.,1

Figure 5: Relative dffirence between

rr(a) and r,(e) versus r,(a)

Table g: I-ocal rnean ages related to room mean age at tlw measured locations for tle variotts

experiments.

Only experiment III shows a mean age at all meazured locations in occupied zone smaller than the

,oo* *."n age. In all the other casis, the average age of locations 2 to 6 is equal or higher than

the room mean age. As far as the occupied zoni is concerned, the piston ventilation is effective

only in experiment III.

However, if one looks only at the mannequin, she breathes an air fresher than the room average in

experiments II, vIII and >rt. These are tire experiments with piston ventilation and high air flow

rates.

o
tro
()
Eo

c(,

q)

(J

0)
(J
!tr
0)

o
(!

0)

0.80

0.60

0.40

0.20

0.00

0.80

0.60

0.40

0.20

0.00 H=FFXXx

Figure 6: Ventilation efficiencies for the various experiments. At the left, the nominal time

constant is calculatrd Vo* rhe oir'flow rafe. At the r{ght, the nominal time constant is taken as

the age of air at the exhaust.

Air change efficiency

at exhaust from flow

Local mean aqe

- 

atiocauon
KOOm mean age

0.55 0.55
0.54 0.45
0.68 0.55
0.72 0.75
0.67 0.48
0.63 0.71
0.59 0.45
0.63 0.43

l6
20
l6
23
12
25
20
14

t.26
7.21
0.57
1.43
t.42
1.35
1.15
1.07

1.29
t.27
0.61
r.49
1.49
1.36
1.09
1.02

1.20
1.08
0.67
1.40
1.25
t.29
t.t7
1.10

1.21
t.20
0.84
1.44
1.30
1.30
0.94
1.07

1.09
1.08
1.37
t.44
1.34
r.25
1.18
t.26

l.l9
1.06
0.39
1.05
0.51
1.27
0.98
0.59

Vortex
Slot

Piston
Piston
Piston
Piston
Piston
Piston

on
on
off
on
on
on
on
on
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Figure 6 right shows a predictable pattern: the ventilation efficiency for piston ventilation is higherthan this of mixed ventilation. Figure 6 left does not ,e"mio have any meaning. In particular, onecase for mixed ventilation has a higher ventilation efficiency than several pist"on systems. on theright figure' measurement techniquJs used for both times involved in the calculation of ventilationefficiency (i'e' nominal time consiant and room TeT age of air) are the same, thus explaining thecoherence. These figure seem to show that the air oonir"i" measured in the ducts was not equalto the air flow rate at the exhaust. Therefore, the reference nominal time constant taken in thepresent report will be the one measured with tracer technique at the exhaust grilles.

Figure 7 shows clear differences between the various systems. It should be noted, that themeasurement accuracy shall be taken into account when comparing the various figures. To be
lig?ifica,t, any difference-should be larger than the confidence interv-al. The error in the age of air
is about I minute, that is 3 to 5 %. ThJenor in the room mean age is similar. Therefore, errors inrelative age or in ventilation efficiency is 5 to l0%.

Vpvnr"c,TtoN ErrrcuwNpss MpasunrupNrs

1.60

1.40

t.20
1.00

80

F
(D

F'

(D

A)
0a
(D

0.60

0.40

0.20

0.00

5 trI
6I

FigureT: Local relative ages (compared to the room mean age) at the meastred locationsfor rhe
various experiments.

When compared to all the other measured systems, system III gives the youngest air to the
occupants. This is a piston ventilation systerq and the only 

-one 
without cioling ceiling.

Nevertheless, its global efficiency is not beiter than systems VI and VIII, which are similar but
with cooling ceiling on. These systems however, as alithe others with coiing ceiling or, pr"r"rt
a.higher relative age. lhis shows that, as far as the occupants are concerned, globaf paiameters,
Iike the ventilation efficiency, should be used with cari. A global, room averaged parameter
provides an averaged information, but does not show local didrences, which 

"oui-d 
be dramatic,

as, for example, those observed on figure 7 between case III and cases VI and VIII.
The exhaust presents in all cases, as it should be, a relative age equal or higher than the other
places. The youngest air reaches first the mannequin (locationi), t'hen the {rfinder 4. That is a
surprise, since cylinder 4 is closer to the inlet griiles. Maybe the-air takes some time to climb atl.l m, where the sampling tubes are. In general, relative differences in the relative age of air in alisystemswithcoolingceilingareIargerwhentheairflowrateishigh(systemsvII,frl
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As it could be expected, the mixed ventilation systems (experiments K01, K02, I and II) present a

ventilation 
"mri"nry 

.ior" to O.S *a * tto*og"n.ort't"i"tive age of air' However' some piston

systems do not p"rftor* much better. I" th; tt;.ms studied,the cooling ceiling seems to maintain

the air at a low level or to mix the air within the room'

3.2. Contaminant removal effectiveness

This effectiveness was measured at the same locations as the age of ui-t, th: contaminant source

being cylinder 4. This location for a contaminanting Person G:g: " T:ry,t-).^'-t 
the worst one' The

complete results oi tt. interpretation of these measurements are given in Annex C' and

summarised on Table 9 and Figures 8 and 9'

Basically these measurements were planned to be taken at steady state, after constant injection of

tracer gas around cylinder 4. Assumin;;;;"i*kground concentration, the contaminant removal

effectivene* is oUt"ined by dividing the tracer gas concentration at the exhaust by the

concentration measured at the places of interest'

Tabte 9: Contaminant removal effecrtveness at various locartons, when contaminant is coming

from cylinder 4, at 1.1 m high. Riiutts in italics are dtbiotu (see annex C)

The contaminant removal effectiveness equals to I for complete mixing,- can be lower if the

concentration at location is higher than at the exhaust (bad removal), and higher if the

concentration is small.

As it should be, location 4, which is at the contaminant source, presents generally the worse

effectiveness. The ,nu*.qrin, located not far from and downwind cylinder 4, also presents in

some case a poor effectivineis. The best place, with regard to that source of contaminant' is at

location 3, in the opposite corner of the room'

Here again, system III, without cooling, presents the largest differences' With a few exceptions'

all the other systems have a contamin"ilt ie*orat effectiveness close to l ' The exceptions are as

well for piston ventilation (in the mannequin, for experiments vIII and )o and for mixed

ventilation (systems II and K02 at location 4)'

The differences between piston ventilation systems and mixed systems are more obvious on

Figure 13, which shows ihe vertical distribution of the contaminant removal effectiveness at

location 5, that is in the vicinity of the mannequin. All the mixed systems have an effectiveness

close to one, form floor to ceiling, while most piston ventilation systems sh-ow differences' The

exception is system IX, with krucirred .olfing ceiling and iow air flow rate' which is

homogeneous.

Height at location 5 [*]
o.2l 0.7 I 1.1 I 1.3 I 1.8

Mannequinl CYlinder I cytita"t I zone I Tane

z l r l + l s---L-q
1.0
1.1

5.1

1.0
1.1
1.0
1.0
0.8

1.0
1.1

2.3
0.9
1.1
1.0
1.0
1.0

0.7
1.0
13.6
1.0
1.2
1.0
1.1

1.1

1.0
0.6
0.8
0.9
0.8
0.9
0.8
0.8

0.9
1.0
1.0
1.1

0.6
1.0
1.0
0.6



18

Figure 8.' Contami-
nant removal effec-
tiveness at various
locations, when con-
taminant ,s coming
from cylinder 4, at l.I
m high. Value at loca-
tions6and3-for
experiment III are out
of scale (effective
values: 5 and 14)

VrvruanoN Emclrucy MrAsuREMENrs

Figure 9: Contaminant
removal ef/ectiveness
at voious heights, at
location1, when
contaminant is coming
/rom cylinder 4, at l.I
m high. Value at 1.3 m
Ior experiment III is
out of scale (15).

aao
E

o
.6)

,q

o6o
0)

c).o
t

The best figures are obtained in system III, at 1.3 rq and for systems vI and vIII, close to the floor.The worst case, at location f, i-s for systems X and }([, close to the floor. However, this level doesnot need to be well ventilated, since onry smal pets maybreath at that height.
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4. CoNcr,usloNs
Ages of the air and contaminant removal effectiveness were measured at several locations in a test

chamber, for three aif"r"nt ventilation systems (piston 1pt' *J 
'wo 

different mixing systems)' with

and without cooling ceiling (also two d;id; tip.o rt r r.ntitution efEciency is also obtained for

each ofthese cases'

Mixing systems show a very homogeneous ?altern, as it was expectg{' The homogeneity is the

highest for large Ar now rates. At thE same aii flow rates, the system with slot inlets does not show

,i[-,rfnr*t di6rences when compared to the vortex inlets.

piston ventilation system works well when the cooling ceiling is ofi, .9r 
wh.} oru if the specific air

flow rate is high (in this case, highe, trr* iiftrl. rne Jtrect oi,t. cooling ceiling is to counteract the

upward piston ventilation and toinduce a partial mixing'

Among the values tested, the largest air flow rates showed the greatest pistol effects' as far as the

ages of air or contamin*t r.,nouir ur..on .*ed. The ron t .ioi is changed if the global ventilation

efficiency is taken u, ,.r.r.n.e. This strows that this latter parameter should be used with care'
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IN STNZER TEST CHAT,TBER

ANNBxA:UsnnINFoRMATIoNFoRCoMPUTERCoDES

TnaxsBK: Translation of Briiel & Kjaer data

Any questions to

Language
System
Minimum RAN{ memory

Graphic environment
Dynamic allocation of memory

Purpose.

P. Cretton / C.'A. Roulet

LESO.PB
EPFL
CH - l0l5 Lausanne

QuickBasic 4.5.

MS-DOS
5t2K
no.
no.

Phone (+4121) 45 45

For (+4121)27 22

Switzerland

TneNsBK reads Briiel & Kjaer time series concentrations output

,on..ntrutions in a new file, which will then be used by NrwAcE program'

Working sPecifications.

Input file must be a Briiel & Kjaer,s (B&K) output file purged of an but the time series concentrations

lines and saved as an ASCII fiie. Any text editor can be used for that pre-treatment'

Procedure.

Running program asks the followingquestions:

"Brilel & Xi"i;t iiput danfili configurat':n i:.asfollows:"
,, - One file for all meastre*rni io1"rt. One,tine lor each measurement point'"

,, - One line is asfollows: *roilrr*rnt rank, *ion rrmrnt time (hh:mm:ss),"

,, concrr*rti, of each gas. ) nton meafited gas result is given by '. - .'

" - Mmimum 6 gasis ana IS measurement yoi(s''-'
"Is it the riyit roiigurationloryour inputfile (Y:I'N:0) ?"

Asks user to verifu input file configuration'---'-- 
'iNumber ojmiasurement points (mu' !s) ?-" 

-
Asks for number of spatial ,.urrr.rJii poi"t't Must be the same as the number of measurement

points in inPut file'r------ i'Nribq oJtracer gases measured (mmimy\n 6) ?' 
.

Asks for number of tracer gases orint.i.ri. Co"rd be fess than the number of measured gases of input

file.
"Gas transfer delay before analysis (sec') ?'
'If unhtown, put i2 siands (Ihm tronsfer'!b")'" 

.

Time at the beginning of each tine is nar.ro".t time f'or the beginning of one measurement cycle (all

gases for one point]']e."-aing to g^&K lii"t"t re and investiga:tiols, ?T measurement cycle begins

by a purging/"aiur"liioi;;;;"d;* "f 
;;i, seconds, followed a bv delav of -3 sec'/10m necessary

to pump gases along the samplile.tubes inside the apparatus' So the ieal time of measurement is

Ctock tim, iZi-ii ini nD + 19 sec. + S seiil1m : Clock time + delav'

Programasksfor"..*o.r"vtypig"lforanaveragesamplingtubelength.- - -' 
"Chonnel (A-E, W) for the"; "meastred gas'"

file and translates these
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Asks then for the B&K channel corresponding to the different qases (I = l, then Z,then 3 etc.) untilnumber of gases completion. order rofto*r-.i.r rrr"r*, 
"", 

nar channel'succession. For example,user can choose first gas X (channet c) ryg then gas v lctu*.r At;;&; il gas Z(channer w).Channel code must be introduced in capital letter. 
- \ -

'Pathfor input datafile ? "
Asks for DoS path (for example c:\Dir-Name\) to input file. If already in the current directory thenRETURN.

"Extended name of input datafrle ? "
E.g. Input.dat.

"Fstendednqme of outputfile ? ,
E.g. outfile.dat. output (result) file is created in current directory.

Result.

R.t:'lt is an output file of morimum 100 lines of 182 numbers (real or integers). Each line covers aglobal cycle of measurement of 6 gases at 15 measurer*t points and is as follows:l) Cycle number (I : I..100)
2) Time at beginning of cycle: time ofmeasurement of the lst gas at the lst point, in seconds.3) 15 arrays of 12 numbers. one array for each measurement point (N:1..15). order ofsuccession follows the input B&K file order. Arrays corresponding to non measured pointsappear after all arrays colresponding 

!o measured points and are filed'with zero,s. Each array iscomposed of 6- sub-arrays of 2 numbers. One sub-array for each g"r (M= 1..6). Order ofsuccession follow the user gas introduction order. Sub-array"s corresponding to nonmeasured gases appear after all sub-arrays corresponding to -""ruria g"."r and are filed with0's' Each sub-array is as follows: firit -.urur"d concentration @&K unit) , then time(seconds).

User should take
program.

B&K input file:

note of measurement points and gases succession order for use with NewAge

n hh:mm:ss Ca Cb...... Cw J
n+l hh:mm:ss Ca Cb...... Cw J

J
J

Absent point J
n+M hh:mm:ss Ca Cb...... Cw J
n+M+l hh:mm:ss Ca Cb...... Cw J

J
J

Ou

That is several lines of 15 one for each Each arra

file

J

n T- n n+l a+2 n+M-l Absent Absent Absent Absent
n+M T-*v n+M n+M+l n+M+2 n+2M-l Absent Absent Absent Absent

Cl TI C2 T
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tr{ ST,I.ZER TEST CHA}'BER

NEWAGE: Age of Air calculation program

Any questions to

Language
System
Minimum RAN{ memory

Graphic environment
Dynamic allocation of memory

P. Cretton / C.-A. Roulet

LESO-PB
EPFL
CH - 1015 Lausanne

QuickBasic 4.5.

MS.DOS
1000 K
no.
yes.

Phone (+41 2l) 45 45

For (+41 21) 27 22

Switzerland

Purpose.

Nr,wAcn reads time series concentrations from a

,urcUutions for as much as 3 different methods

measurement Points.

Working SPecifications'

Input file must be of ma;rimum 100 lines of lg2 numbers (real or integers). Each line covers a global

cycle of me"rrr.In"nt-of ,noirnurn 6 gases at 15 measurement points and is as follows:

l) Cycle number (I = 1"100)

2) Time at beginning of cycre = time of measurement of the first gas at the first point, in seconds'

3) 15 arays of 12 numbers. one array for each measurement point (N = r..r5). Arrays

correspondins to-noi.""r*.4 p"i",;;pp.. tn:t-Af .uouyt 
corresponding to measured points

and are filed with 0,s. Each *uy ir'ro#&;io *f#"vt or i'n"-utit' on" sub-array for

each gas (M : 1..6). Sub-array, ,o*"rpondrrg t9 not.measuied gases appeu* after all sub-arrays

corresponding ; measured gases ;e;; n'tea wittr ot. g..t sub-array is as follows: first

measured "onr.i,r"ti* 
(vario:us unit), then time (seconds)'

UsershouldtakenoteofmeasurementPglntsandgasesnameandsuccessionorder.TneNsBK
.r"ut.t such input files from Brtiel & Kjaer files'

Procedure.

Running program asks the following questions:

" Parqmeterii ti, y*"*p"ii'nt already present (Y: ! fttl: g1 7 
tt

Asks user if all experiment paramet.*i;;il;;ios'Usequlnt questions) is already saved'

If No.

User should first answer questions to define the parameters of the experiment'

,,Number it or* g*is (muimum 6) ? ' :,-

Must be th. Ju*. as the number of traeers gases in input file' Basic precautions taken against

out ofrange values'

standard input file and performs Age of Air

(D;il,-*i-up, Pulse) 
-for 6 gases and 15
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_ -"Number of measarementpoints (muimum til ? ,;

il:rTri:Ji""iffi!3tJlf#mber 
of measuremeni points in input fite. Basic precautions taken

"Error (sisma) estimated on initiat (T0) andfinar time (Tfl (sec.)? ,Error on iniection lime (initial time.iol 
"* 

"l,"J-to q.'ii(i ronr6qu.nt errors in age of airdeterminati6q p 
"(t) 

ir ;rk;efb; subsequent error anarysis. 5 seconds isuser clock do erii#-;ilk futrh G;-d';rJ*ayrrr -croch ir pXfi?t[i.HrG)",jexperiment completi6n is considi[J,-$-r-;. (tir.l time Tf). Error in At determination
l:fi:ileo m&surem"nt" tr it. same sas .t tii" suri p"ifi (.6;;ti,s internar clock) is

"^!?l{lji{l:;:':I":,ssrlyw;fry:::ri#i!: fft"!r**precautions taken againstout of range values (default value is d,r;t.' ---- 'v'v' l

f,lit f;ffiij gas the following questions arise. Gas succession order must be the same as in
"Ndme of gas number ,,

E.g. N,O or Nitrous Oxide.
'.|!pe of air calcaration methd associatedwith gas number ,,

^_iP-r:ry:l.t 
St:p-Up72, pulse:3, None:o),, 

o .- -'

unly one method associated with one gas.--Ii more than one experiment has been performedwith the same gas, as it ison"nit" c&-fr"r iii".pi.,.a step-yp then a Decay then another
,'$3;:U*l'*:i:1,"#i#i:i,:X'os"'"';;"i roiGi,r, d6;,i"il1-ri' .N.in;;pd;i;

"-Full range (mm.) for concentration measurement of gas ,,
"If not l+nown or yot important, wt a negative varue. Measured mmimum,,
"value will be taken^asfutt.range 

,No oti o|rq"giiec$urement warnings.,,Asks for full range of eiperimt,itut uppurutit fb;ih;-gas. Must be introduced in the samephysical unit than-those oittri measur6A;;;-: iiil;-d"*, or not important put a negative(but be sure the peak concentruti* oriir'. il;; iliti,;;;d.;;"f tulTffi;e of apparatus !).concentrations ldrger than tull r*g; are noted,i 
" 
*u-iri il;'uE ffi;irti,"Background concentrationfor-gas ,, '

"If not lcnown, put a negatiie uiiu". Minimar concentration between,,
"initial and final time will be taken as background concentration.,,

Self-explanutoiv. Must be irtr"ar..J r;ir,. JiHi. iiri*a rriiirr* lr,ose of the measured gas..."sigma on concentration measurement is deteimined asfoilows:,," Sigma(C(t)):A*C(t)+B t,

" 0o4<- A <: 20% 0%<: B 1:2?6 ,,

"Choose A value (oh of meawrement) for gas ,,

"Choose B value % offull range)/oigai,,
o(c) is asked for su.b;eqirent 

^err6i ina$sis. To take into account the wide and sometimesunclear range of specificaiions for *q;r#.rgl .ioi", ri'proportional to signal + noise,, modelis used for o(c). Basic precautionr tdt", uguinri-.]iriiiif:i,i;,-"r.,'i;6 ffie. rn such cases, A
ffi$i.fr: 

rorced to reasonable vduCi 4v;i ;;d i;,i b .r" rt pi;A'fd;;ibrri.i &'ki;;ft;;
"-!.1!t!y! Xef of experimentfor gas e < Step < t00) ,,

--"Y,!l(.uy( rrnitiat timi urfuonn. If uirotown put incoherent varue.,,rhe."'I'0-step" is the cycle number of inpirt data file.'iirn.-.i ir,"'6.dr"i;g of the cycle will beused as T0. "Incoherenl', = out of definedid;. ea ]'v vvE'uuuE ur

"lltitia!time QI, M, S) of experimentfor gZi ,,

"If unlmown put incoherenivalues. mtiit srp witt be used as initial time.,,
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"Hour "
"Minute "

*'ffi:ffi * rn" injection time of the gas. "Incoherent" = negative (h, nu s) or > 23 (tr) or >

59 (rq s). ,, , o!^- z tAAt,,
"Final Step olexperimentfor-gas (t f-Sty 

< I00l

"Will be ;t; ii;t t*'""tii"' t|""i"own wt value 100'u

The ,,Tf step,,.Any incoherentiiii""At*t-r*isr, i;;iTn < stup(TL) + 10) willforce "Tf

Step" io t"it Cycle mtm-ber of .time 
series'

"Final time A, m, s) of experimentfor sry "
,,If unlmou,n put incoherrr, "oiiiil 

iiilt step of experiment witl be used as initial time'"

"Hour "
"Minute "

,, ll"r{!u,n. *t.n the user consider that theexperiment is.completed. There must be a

minimum of 10 measurement .##;;*;;i [".rt'i'#Tfili i"iii.iti*" r0' If not or if rf
incoherent, Tris forced to final ;,;ilffi;-aii oa l'i10i.;ii"or,.r.nt" : nesative (tr, M' S)

or>23(H)or>59(tvl,S)
Then the following question'

" Alt gases'iiEi"a "t 
the same Wtilt yljyt^g:1N:0) ?"

rf'fffif#ffiiii*tfl.}if f 
'f 

f;*$*f 
*msrr'*.:r;'*:Hi*"#f i*r;

"Name of Point number "; J
rf all gases 

'{r;#;;i;;;;sarie sp-atial.Plints, name will be independent of gas'

"status (position) of Point mtmber "; J
'(Insidi'Rooi Jt,"n*' o*iui' :'2' Ou*i* Room :3' (Jnlcnown:0)"

If a, gaser-." ,,,**red at ffi ,p"tia point''-siut r *itt u" independent of gas. use

<Unknown>optiontoignore.point,u"hshortbncalculationtime.
Then the lasi question of experiment p"t*.iJt];il' A "yes" answer is strongly

recommended...
"Do youii't to save this parameters in afile (Y=I'N:o) ?"

If Yes. f*o'qr.tiions, then ritutn to mainprocedure'

"*'gXffii?:tr:#i!:;ir-Name\) ror parameter me Iruser want it in the
Asks
current directofr' then RETURN'

":Wi*a **e of outPnt Poarneter file ? '
E.g. Param'Par'

ffNo, nJthifi h;pd;t"', return to main procedure'

lf Yes.

Usercanuseexistentpararneterfileoraparam€terfilederived-fromanexistentone(through
any good i.*t 

"ditor, 
sa'IB tti.n"*-p.ura.eter fii; ;-ASd[' See parameter file description)'

procedure'iJi,,i:i'liiLiliitf""*iiO-Oittnreturnstomainprocedure'
"Pathfor inPut Pa-ameterfile ?"

Asks for DOS path tro, .*#pie c:\Dir-Name\) for parameter file. If already in the current

directory then RETURN'
"kteruledname of inpttporameterfile ? "

E.g. Param.Par'
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once experiment parameters is known, whichever the way, user is back to the main procedure.'Pathfor input daturtk ?"

f.fr3:r?ffir:ath 
(for example c:\Dir-Name\) for input data fire. rf atready in the current directory

"htendedname of result textfile ? "
"-) Anotherfirewith sme rim" and.mL extensionwiil be ,,

" createdfor use in a spreadsheet. ,,

"-) A.nother filewith sme rume and.BUG extensionwill be ,,

" - createdfor verification and tracking. ,,

Self-explaining. output (iesult) fires are created in current directory.

Result.

3 Files, all ASCII:

I ) User_Name.User_Extension file.
contains Local Ages and final decay time constants at Inside and outside spatial measurementpoints' Room- Yt- Age, Nomini ti.. tonrt"ni and final decay time constant at Exhaustpoints' spatial Room Mean Age and spatial M.- gg a"9.v ,i,ir. 

""i.tants 
(if significant)averaged on Inside points. All results arl provided with confid-ence int"*a according to leveland error parameters chosen.

2) User_Name.XEL
Devised for use with a-spreadsheet. one line = one measurement point and is as follows:G + gas number 1.gur Name, p + point number + point y31x.;i;;'Age (Nominal Time forExhaust) + Confidence interval, Room Mean Agci Confidence Intervi (if not an Exhaustpoint, then 0's).

3) User_Name.BUG
Gives some other useful information about mathematical procedures and choices, decay fitting,error optimisation, concentrations warnings etc. useful to track singularities, strange results orcomputation troubles. Awareness of agJ of air calculation trr.ori-it ,lcessary for a goodcomprehension.
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Parameter File ExamPle

Source: parameter File pl04-3.pAR for experiment fire EKl04-3. from Surzer ventilation

effectiveness experiment program. The file is foi u 
'ttp-up-t*poit*t 

with SF" gas injected in the

inlet and 6 measurement points' one measurement poiJ is the exhausr Background SFu

concentration (supposed to be close to di r;;$d.r.a ur urir,"o*" (e.g. minimal of time series will be

taken as background concentration). r*p.ri.ental measure*.nt .rroi estimated for a Br,el & Kjaer

gas monitor system.

n.I SUI.ZBN TEST CH.AMSEN

File content
I
6

5

95

SF6
2

-t

Comments.
Number of tracer gases.

Number of measurement Points'

o(t)
Confi dence interval level

Name of gas I'
Method aisociated to gas I (2: step-up)

i;riii"rg. r"r gas: I f.i,itr, t .1t u uAy" user assumes that all

measurement are within experimental range and that the

;;;rt measured value is of the order of full range')

Background concentration for gas: I ('1 => not known)

A value of o(C) = A*C * B concentration error model

B value of o(C): A*C * B concentration error model

T0 Step (first CYcle).

T0 time, hour.

T0 time, minute.

T0 time, second.

tlf io time is coherent, it has priority on T0 step' even if it

;p;rtt that the two resultant time values aren't coherent

toiether. A program can't be better as his user')

tf Step (incoherent value).

Tf time, hour (incoherent value)'

Tf time, minute (incoherent value)'

Tf time, second (incoherent value)'

CU.tt, ut.t decide he don't know Tf Step ang Tf timc' so he

let the program push the Tf Step to the last Step of time

series, e.g. Tf Time also).

Name ofheasurement point I for gas l'
Status of measurement point 1 for gas I (an extrautt PoTl)'
Internal to program (user doesn't have to introduce)' T0

;;tr; on ttre baiis of former answers (l: further calculations'

0: measurement Point ignored)'

Name of measurement point 2 for gas 1'

Status of measurement point 2 for gas I (an inside point)'

[sec.]
t%l

-l

2

0.2

I
ll
54
49

lppb in
this casel

[ppb in
this casel

[ppb in
this casel

[ppb in
this casel

-1

-l
-l
-l

Exhaust I
2
I

Mannequin 2

I
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I

Heated Cylinder 3
I
I

Heated Cylinder 4
I
I

Outside FIow 5
I
I

Occupied Zone 6
I
I

lEoFl

VeMnI_ATroN EmcmNcy IUTAsuREMENTS

fnternal t9 nlogram (user doesnt have to introduce). T0
status on the basis of former answers (l: further carcuraiions.

-0: 
measurement point ignored).

Name of measurement point 3 for gas l.
Status of measurement point 3 for gas I ( an inside point).
fnternal to program (user doesnt have io introduce). T'd
status on the basis of former answers (r: further carculations.
O: measurement point ignored).
Name of measurement point 4 for gas I.
Status of measurement point 4 for gas I (an inside point).
Internal to program (user doesnt have io introduc.l fO
status on the basis of former answers (l: further calculations.

-0: 
measurement point ignored).

Name of measurement point 5 for gas l.
Status of measurement point 5 for gas t (an inside point).
fnternal to program (user doesnt have to introduce). fO
status on the basis of former answers (l: further calculations.
O: measurement point ignored).
Name of measurement point 6 for gas l.
Status of measurement point 6 for gas I (an inside point).
Internal to program (user doesnt have to introducey. fO
status on the basis of former answers (l: further calculations.
0: measurement point ignored).

Strange Result Example

This example shows one of the strange results that can arise for age of air calculation by automaticinterpretation of a time series by NEwAcr. It shows that ihe ,r.r"h", ;*t the duty to examinecarefully the results and illustrati the utility of .BUG file in this case.

The example is selecte! from a Np Pulsg experiment in an auditorium with a priori good mixingconditions' Ground \o concent.ation (o-rder orso pp* Jue.to water vapour interference, supposedconstant) is considered as unknown (e.g. ,ird.t of time series 
'*ru L. taken as groundconcentration)' There are I I measuremeni points and at a first glance the overall result are coherent,but...

A more careful examination ofUser_Name.user Extension file:

lgint defined as Inside
T0 present and Qgt_wlgn Ineasurement steD I and Z.local-Age : t7s6-.5a6--+-'ii;:4iid--'
Be{ Lo6at_ rp : rsoi .\^st '+t_--{ie.l-sls

Point: I0 Name:neuf
P-gint defined as Iniide
IA presEnt and be^tyueen Ureasurement steD t ed 2.
efiat_Age. _ : triso.Tid--t:' i liZ.'!ii;, t w s''

_ best Locat lau :-5549.404 +/- 10354.9Point: I I Name:dix
lgint defined as Inside
T0 present and [e_qryeg4-measurement steD I urd2.Loial Age : ts9s.9sd--+flb'0.9tig!-' ' srs a'
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Best Local Tau : 1544 '484 +l' 526'7491

reveals that point 10 shows oui-te d.i$erent results' r9'4 age isnl cghe1e.nt with values of other

measurement points, apparently-i"r.[d;;; ;;;ffilt hyf,othesis' Best-local tau does not seem

:xffi*,1:;"3i'*ilsm*ls:trxffl;tlTt'if.l"T'"'fiTilf"#H:',trIfl 
5'#

rhe experimental .;i;; Gr"p loi'il"r". i pp ;;;; tt't-'i'i'ilal value' e's' -40o/o of

experimenta ,*g.l'in" n.*t'r^at., iau. arise at's,.p'-z'l' -J ir worrh -15% of experimental

ranqe.

ki* I * lsitl J-o- -'t *'r * * * *

,r*1";f2) r[#T, 
Beforenonnalisation

2 60.76 3ol5q

' u?$;foi["o
s 62.32 31140
s et.gq 31470
1 ot.gt 31800
8 60.59 32130
e 60.3 32460
io eo.oo 32790
11 eo.qq l:uo
13 88:i! i3ii8
ia eo.t 34llo
is oo.og 34440
ie eo.os 34770
11 oo.oq 35loo
is ss.qs 35430
1s ss.gz 35760
zd sg.gz 36090

7Lj!fi#r#,,,
24-58.34 37410
1,2 

'7?+ 
lll+8

After 0-l normalisatiorq dataplespnts.ilself as follows:

Afternqrmai.uuiil'd'*r'iii-nt-irlE;;il"-""" lB:88 8:i3 3ii8:8!
lt:"ryi"silry,J: '('b:B) ei,[g B'iZ 831flf81.00 - -0,.06 .,r|n'.;xu -fi:.oo 0:55 .690-0.00 -2.0q-- q.ql 3-aq'gq z!.oo "'"6.rt--'-72so.oo

'ulo, ilioou1}}i^oo 71:'{i"" 8:i3' iiqgls
? 88 8:33 i??8:8! 26:a6 o:i6 sz2eoo

7.oo o.s2 rerq aq ti:oo 8:iB EiiE:88
8 oo o. ji )289 o^9 28'c

e.oo o.sr 2-6-lq0^0^ t':00 6'lq e2l0'00

lo.oo o'sg ?91q qq 3o:oo 6'rs es4o'oo

ffi ffi fifim 
.fiil:uilrfffiff--.

ii:oo 0.+s s2so'oo

'*ri.{/,//*,,

*" rrJr%if;g dit$uvalue for concentration

rri*xxuill,oLfrf,lsbacre,ound
ffitti$3ii?nlo Min and ma:rimum before

ffiW*-q,'11rFHtrtr#riT#ir.,
,fib'g,'ffi 

tffi h:jqfiT'*,"i:i,?.,lens,ep

frormalise.d noise level 2o/o of experimental

|t?:?,?#6? t 
u" I chansed to
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By examination of user parameter file it appears that the user,s choice for full range is ,,-1,,. So theuser decides that current experimental.r-g" (c-;;:cground) ir;;;; used as fu, range fornoise level determinatiot, ..g. 2% of tultdg");-tlil;"ur. [r"r.;;p;;ers for the apparatus:A=0' B:2)' This "-l" choice-is justified uy a ir"rniou, "rrir"iirn auoutt'he Nro rrotr*e amount to bereleased to give a peak pulse clncentratitn 
"r-zoo 

ppu;;;;;,ffi:^il ilir: apparatus ul range),which is attained on the-other measurement points uui as we see, not at this one, where we can seethat there is no "real" (experimentafly signinc;;r) ;;il io ,ru, choice arir.rir,, program, which failsto find a 2o @%) noise-magnitude trder ,,.urrrlr.nt in the 0-l normalised data, to select all thetime series for age of air intigration and fitting optirir.tion.

{,Wr;ffi*ryxr,WrW*':,::":''[au,e87o

$itrf trf 
qc:i"{#I,q$i,u;8,**H8;fl#f 

fo?,ffi e.it"\1y&,;i;,ptE+,0
It has the following results:

' Simpson integration is roughly equivalent to integrating a constant concentration on the timeseries' Result: a -5500 ry9. "g. 
oiair determinuiiln *itr,out taking the residual area intoaccount (other points _1500 iec.) ! r-.u.E urv r

' Fitting optimisation procedure (which optimises the residual area confidence interval and notonly exponential decay fitting) eu.1p1ry.J;;;;;nerent,, ,ruttr, . i.gative best rocar tau,which is realty the "beit" uy tr,Joptirnirition ioini;il;;: ffii*",;ji;r,y large confidenceintervals due to "flatness fiiting" and the gr."idiil.;sion of data around this flatness.
If full range user's choice is 200 [ppb] (the instrument full range) instead of ',-1,,, the full scale effectdescribed will be avoided, uut mosi oiitr *n..ntruti*.."*rla wil be-of noise magnitude order,in fact what they really are. It means that the time series will-be.u, ,oorrr, 

-uri 
,r,. problems arisingfrom "flatness fitting'-I9n't disappear, witrr results p".t"p, no less;rr"rg" than before (forinstance' age of air or 105 sec. due'to- huge posit-ive uJri r.u tau). Nowadays, huge confidence

llffil#fiil:T. Program is not aurtvi'od, il,".ur.i* of pulse'airr,ir rnlururement point has
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ANNTX B: COUPLETE RESULTS OF ACT OT ATR MEASUREMENTS

The results are provided in the chronological order. Ages of air are in seconds. The confidence

intervals are given at95 Vo probability'

voiiffids with closed cooling ceiling

rll tl 2lMannequin 2

r:l tl rlneatea C$inder 3

rtl +l +lneatea c$inder 4

131 +l slOutside Flow 5

Si":t-affi ;toseogorng ceiline

16l tl zltvtannequin z

rl llrcated Clinder 3

Heated C$inder 4

OutsideFlow 5

fficoolingceiling

SlHeate0 Cllinder 3

fficmlingceiling
rl tlgxhaustl I 2o3s

rl zluannequinz I r47e

ll rlrcatea CYlinder 3 I rezr
rl +hteatea c]tnder + | 2033

rl slousiae Flow 5 | zots

rl olo."opi"a 7ane6 | ztoc

Fildve"tttatlot *itt closed cooling ceiling

Exhaust t I I

31 4l +lHeated CYlinder 4

OrtsideFlow 5 I I
Occupied Zrlre6 I tttt
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Pistonventilation@

Mannequin 2 | Ill 3lHeated Clinder 3 I l9ltl 4lHeated Clinder 4 | I
U SlOutsiae Flow 5 I t

Piston ventilation with stru@Bl ll rle*austl - | I
ll 2fMannequin2 | ll231 rl rlHeated Clinder 3 I l3el23|' 4l +fHeated Clinder 4 | ll
+l 6lOccupidZane6 | r

Pistonventitationwi@

271 ll 2lMannequin 2 | 4ll 3lHeated Cllinder 3 I s2
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AXNN,X C: RTSULTS FROM MEASI,]REMENTS OF CONTAMINANT

REMOVAL EFFECTTVENESS.

For each case, a couple of sheets is given. The first one treats the measurements at the locations 1 to

i, *Jinr second sheet shows the results at location 5, for various heights'

On each sheet, you find first a short description of the.test, then a gfaph shoryng the concentrations

measured at the various locations ,rr.* [irr. A table shows thJavlrage of these concentrations,

together with 95% confidence interval, anJ the oorresponding removal.effectiveness. These are also

illustrated in a bar gr"pfi m *mch the lighter part shows the confidence interval'

A short comment is added in most cases. For some cases, in which measurements show some bugs,

longer comments explain how these were interpreted'



File EK2l3-3.
Sampling Tube Length
Air Pressure
Norma lization Temperature
Start Time
Stop Time
Number of Samples

EKE13.XLS

4 Vortex inlets with closed cooting ceiling
16.00 m

101.33 kPa
22

1992-03-13 09:46
1992-03-13 13:09

191 0.95

:::I
600 +

soo.l
la

ilf
9:50

(v)

E
CD

E

o
E

oo
o
c)
o
C{z

1.2

ct1o
o)
L

.9 o.a
o
€ nn
iD -'-
6
B o.+
Eq)
E 0.2

0

A A 6A A

00 0 Es^ s 0a 0S 6 8n o a B E oo c

Probability for confidence

11:20 11:50

lnternal load

Air flow rate

315s W
60.0 Wm2
526 m3/h
3.3 /h

I Exhaust

O Mannikin

A Cytinoer 3

O Cytinder 4

O Zone 5

D Zone 6

10:20 10:50

Mannikin Cylinder 3 Cylinder 4

0.94
0.04

0.69
0.16

1.02
0.02

1.02
0.03

1.
0.



File EK 3ll-3

Start Time
Stop Time
Number of SamPles

1.8 m

1.3 m

1.1 m

0.7 m

0.2 m

(t)
E
t,,
E

o
E
e
c)o
c,oo
o
C!z

400 r
3eo +

380 +

370 +

360 +

3soA-
34oF
330+-
320 +

310 +

3oo L-
13:20

EKE13.XLS

4 Vorter intets with closed cooling ceiling

1992-03-13 19:46
1992-03-13:45:25

25

13'25 13:30 13:35

0.4 0.6 0.8

13:50

E
E
ED'6
I

Removal effec{iveness

Strong mixing: Except for mannikin and cylinder 3, the differences in removal

effeciiveness between the various locations do not significantly differ from 1.

__--{- Exhaust

----o- 0.2 m

---o- 0.7 m

___--l- 1.3 m

----*- 1.8 m

Removal Effectiveness
Confidence lnterval

1.04
0.02

1.01
0.04

1.02
0.02



File EK216-3
Sampling Tube Length
Air Pressure
Normalization Temperature
Start Time
Stop Time
Number of Samples

EKE16.XLS

Slot inlets with closed cooling ceiting
16.00 m

101.33 kPa
22C

1992-03-16 13:24
1992-03-16 14:04

37 Probability for confidence

lnternal load

Air flow rate

3155 W
60.0 Wm2
526 m3/h
3.3 /h

il

0.95

800

a'! zoo
o)
E
;600
.9

E soo
E
o)

f; aoo
(-)

S aoo
z

At

a

EIg

I Exhaust

O Mannikin

A cytinoer 3

O cytinder 4

D Zone 5

n Zone 6
200

13:15 13:30 13:45

Mannikin Cylinder 3 Cylinder 4

14:00 14:15

1.2

E1o
E
9 o.a
a)
6)

E 0.6

E
B o.l
E
o)E o.2

0

1.02
0.08

0.97
0.04

0.57
0.14

1.08
0.04

1.1

0.0



EKEl6.XLS

Stot inlets with closed cooling ceiling

1992-03-16 14:10
1992-03-16 14:37

25

ll
:K 31(

Time
Time
ber of

t 440

i +zo

: +oo

j .ao

i aoo
)
5 340

] szo

) soo
It

File EK

Start Tir
Stop Tin
Number

6'4
E
E,4
E
c'o
E3
e. '1o-()c?
oro'
2:

5-3

Samples

-----c- Exhaust

----o
----{-
-----a-

0.2 m

0.7 m

1.1 m

1.3 m

1.8 m-_-*-

14:'15 14'20 14'.25 14:30 14:35 '14:40

1.8 m

1.3 m

1.1 m

0.7 m

0.2 m

0.4 0.6 0.8

Removal effectiveness

Strong mixing: Except for cylinder 4, the differences in removal effectiveness between

the various locations do not significantly differ from 1'

E

.9o
I

1.05
0.04

1.09
0.03

1.01
0.15

1.07
0.06

1.
0.



File EK205-3
Sampling Tube Length
Air Pressure
Normalization Temperature
Start Time
Stop Time

EKEOs.XLS

Piston ventilation without cooting ceiting
16.00 m
101.33 kpa lntemalload
22.0 "C

: 1992-03-06 10:47 Air flow rate
: 1992-03-06 13:02

1052 W
20.0 Wlm2
520 m3/h
3.3 /h

f Exhaust

O Mannikin

A Cytinoer s

o o cytinoer +

O 0 O Zones

fl Zone 6
o

!
13:00 13:30

ilt

Number of Recorded Samptes : 1 22 P robability for confi dence 0.95

(v)

E
o
E
E
.9
E
E
o)(,coo
o
Nz

500

450

400

350'
300,
2s0l

a
O

u9t
350

300

2s0t
200
150

100 |

50

ol
11

O
I
o

o
E

o
U

o
tr

I
o

I

E

a
E

o
tr

o

E

oI

U

o
OrO

9o o
Do
A

12:00 12:30

Mannikin Cylinder 3 Cylinder 4

1:30

20

18

frto
6M
E12
(t)

810
68
96E
&4

2
0

Ex
Average
Conf. lnterval

237
8

237
29

17
6

296
63

102
27

4e

2S
Removal Effectiveness
Confidence lnterval

1.00
0.13

13.64
4.80

0.80
0.17

2.32
0.61

5.10
3.17



EKEOs.XLS

File EK 305-3 Piston ventilation without cooling ceiling

1 302 Measurement Data ---. 1 523936/2526 . 1 992.03 -06 13:42

Start Time 1992-0&06 13:15

Stop Time 1992-03-06 13:42

Number of SamPles 25

___fl- Exhaust

0.2 m

_---{- 0.7 m

----.- 1.1 m

----I- 1.3 m

-----*r1.8m

13:20 13:50

1.8 m

1.3 m

1.1 m

0.7 m

0.2 m

0510ls20
Removal effectiveness

Note that measurements at 1.1 and 1.3 m present strong variations. Result for 1'3 m does

not take the first measurement into account.

ill

(o
E
t,,
E
E
.9
E
C
c)ocoo
o(\lz

300 
T

2so I
2oo I
1so I
1oo I
sol
OL
13:1

E

.9
(u
I

0.2 m 0.7 m 1.1 m 1.3 m

247
9

2s5
27

228
21

113
49

1.08
0.11

2.18
0.95

14.83
2.93



File EK204-3
Sampling Tube Length:
Air Pressure:
Normalization Temperature:
Start Time
Stop Time
Number of Samples

EKEO4.XLS

Piston ventilation with ctosed cooling ceiling
16.00 m

101.33 kPa
22"C

1992-03-05 14:48
1992-03-05 16:18

15:00

Mannikin Cylinder 3 Cylinder 4

VI

3155 W
60.0 Wm,
268 m3/h
1.7 th85 Probability for confidence 0.95

I Exhaust

O Mannikin

A Cytinder 3

O cylinder 4

O Zone 5

D Zone 6

15:30 16:00 16:30

lntemalload

Air flow rate

900 .

850 .

800"

750-

700 ,

6so l

600 ]

s5o l
soo 

j
14:

(v)

E
cn
E
Eo
(E
L

coo
Eoo
o
Nz

:;I0
ooo

o

BEEEEE!EEi
o o^ ooo o

1.2

1oo
o)

.E 
o.u

t5
(t)

E 0.6

E
i o.r
Eo
E,

0.2

0

1.10
0.07

0.98
0.03

0.90
0.05

0.95
0.03

0
0



EKEO4.XLS

File EK304a Piston ventilation with closed cooling ceiling

Start Time : 1992-03-05 16:27

Stop Time: 1992-03-05 16:54

5900T oExhaust *0.2m Ao.zm lt'tm ot'gm

$asot
Eaoo{

Efi:i s ! t .
I 6s0+

5;;;+ a a a
o 550
nlz 500

16:25

1.8 m

1.3 m

1.1 m

0.7 m

0.2 m

Removal effectiveness

Poorremocaleffecliveness(lessthanl),exceptforthemanikinandclosetotheground.

VI

X t.a m

E
c
.9o
:E

1.19
o.12

0.97
0.02

0.95
0.02

0.
0.



File EK203-3 Piston ventilation
Sampling Tube Length 16.00 m
Air Pressure 101.33 kpa
Normalization Temperature 22.0 C
Start Time 1992-03-04 10:05
Stop Time 1992-03-04 14:09
Number of Samples 228

EKEO3.XLS

with closed cooling ceiting

lntemalload

Air flow rate

vilt

E
.9
TE
L

E
(t)
o
Coo

600.
sso 

+
soo +

4so +

4oo +

3so I
3oo +

2so I
2oo +
lso I
1oo L

9:30

3155 W
60.0 Wm2
788 m3/h

5th
Probability for confidence 0.95

-*-{- Exhaust

----{- Mannikin

*Cylinder3
----{- cylinder 4

Zone 5

Zone 6

10:30 11:30 12:30 13:30 14:30

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Mannikin Cylinder 3 Cylinder 4 Zone 5 Zone 6

thoq)
Lo
oo
(l)

{g-

o
Eq)
E,

3
inder 3

0.s5
0.07

1.19
0.14

0.83
0.11

1.11
0.06

1.

0.

Poor removal effectiveness for the manikin: she gets all ihe contaminants generated bycylinder 4!



EKEO3.XLS

Piston ventilation with closed cooling ceiling vlll
File EK 3034

Start Time :'1992'03-04 14:22

StoP Time : 1992-03-04 14:48

flrrU.t of Recorded SamPles : 25

1.08
o.21

Note that N2O
concentrations in
fi]e EK 303-3
decay with time.
This should not be

the case if N2O
were injected at
constant flow rate.

lnterpretation for
the last
concentration
measurement
follows, but results
are dubious.

(a
E
q)
E
g
o
(o

c
o)o
Eoo
o
C!z

1.94
0.65

2.22
1.00

1.42
0.48

1.25
0.37

H
Measurement

ru 0
7

Removal effecliveness



ER4244
Sampling Tube Length
Air Pressure
Normalization Temperature
Start Time
Stop Time
Number of Samples:

EKE24.XLS

Piston ventilation with structurcd cooting ceiling
16.00 m

101.33 kpa
22.0 C probability for confidence

1992-O4-2713:S0
1992-04-21 15:20

102

Average during tfris time

tx

0.95

90

EO

70

60

50

40.
30.
20-
10.1

ol
13:

(t,
E
CD

E
E
.9
E
Eoo
Eoo
o
Nz

1

o
ahg 0.8
o

E o.s
o
E
B 0.4
E(l,
E 

o.2

-I- 
Mannikin

--{- cylinder 3

-*- 
cytinder4

-{}- 
Zone 5

--O- Zone 6

15:30

Mannikin C/inder 3 Cytinder4 Zone 5 Zone 6

The concentration was averaged on measurements taken during the last hour, when steactystate is achieved.

1.00
0.02

1.00
0.02

1.00
0.02

0.99
0.02

0.
0.



EK 324-3

t Time
I Time
rber of Sam

5' 1900 r
$ rzoo {
E rsoo l
! rsoo{
E rroo Ic. lg eoof

5 7oo+

o s00+
i 3oo I-

12:05

FiIE EK

Start Tir
Stop Tin
Number

tol
EncD'
Ee

.Er
Er
E
G,o
Coo
o
Nz

324-3

EKE24.XLS

piston ventilation with structurcd cooling ceiling lx

1992-04-2412:07
1992-04-2412:34

25

4- Exhaust

Samples

-*0.2
-*a.7
--*1.1

m

m

m

m.3

.8
--^-1.8m

12:1O 12:15 12:30

1.8 m

1.3 m

0.7 m

0.2 m

0.6 0.E 1 1.2

Removal effediveness

Strong mixing is achieved within the room. No location shows a removal efficiency

significantlY different from 1..

E

E 1.1 m
ED'6
I

0.4o.2

0.94
0.56

1.00
0.04

0.99
0.02



EK2234
Sampling Tube Length
Air Pressure
Normalization Temperature
Start Time
Stop Time
Number of Samples

EKE23.XLS

Piston ventilation with structured cooling ceiling X
16m

101.33 kPa
22"C

1992-04-23 09:45
1992-04-2312:01

127 Probability for confidence 0.95

lntemalload

Air flow rate

3158 W
60.1 Wm2
526 m3/h
3.3 /h

Cr)

E
o,
E
co
(E
L
c
(l)
C)
Eoo
o
olz

1.2

A1
o)
E

.3 o.a
oo
E 0.6
(E

B o.+
E
(l)
G 0.2

0

1400

1200

1000

800

600

400

200

0

f Exhaust

O Mannikin

A cylinder 3

OO O ocytinder4

E nn fi lfi E? u E6o EE XnA n s E.o Zone5.. - I 
nzoneo

o.45 10:00 10:15 10:30 10:45 11:00 11:15 11:30 11:45 12:00 12:15 12:30

Mannikin Cylinder,3 Cylinder 4

0.98
0.07

1.06
0.08

0.76
0.23

0.97
0.05



File EK 323-3

Start Time
Stop Time
Number of SamPles

6'1700c
E, tsoo

!,.00
'f; rroo

E eoo

5 700

3 soo

> 3oo

EKE23.XLS

Piston ventilation with structured cooling ceiling X

1992-04-2312:10
1992-04-2312:36

25

_-*- Exhaust

----o- 0.2 m

-----o- 0.7 m

-o- 
1.1 m

=__I- 1.3 m

1.8 m

12:10 12:15 12,.20 12.,25 12:30 12:35 12:40

1.8 m

1.3 m

1.1 m

0.7 m

0.2 m

0.4 0.6 0.8

Removal effectiveness

Some mixing is achieved within the room. However, poor removal efficiency at lowest

levels.

E
E
.9
c)
I

.1m 1.3m

Removal Effectiveness
Confidence lnterval

0.36
0.08

0.97
0.04

0.
0.

14
95



EKE27.XLS

EK2274 Piston ventitation with structured cooling ceiling
Sampling Tube Length 16m
Air Pressure 101.33 kPa

xt

Normalization Temperature 22.0 C
Start Time 1992-04-21 09:52
Stop Time 1992-04-27 11:53
Number of Samples: 114

3158 W
60.1 Wm2
526 m3/h
3.3 /h

Probability for confidence

f Exhaust

O Mannikin

A cytinder 3

o cylinder 4

O zone 5

fl Zone G

11:30 12:00 12:30

lnternal load

Air flow rate

0.95

1400

E rzoo
b
.E tooo
c€ 8oo
E

E 600(,

6 400

R 2ooz
0

9:

o

;fi;n;;or;an;i;nuan,

1.4

, 1.2
ah
o)c.l(Dl

B 0.8

* o.u

E o.r
oE o.z

0

10:00 10:30 11:00

Mannikin Cylinder 3 Cylinder 4

Exhaust Mannikin
Average
3onf. lnt.

270
10

435
75

239
24

357
65

278
22

341
20e

Removal Effectiveness
Confidence lnterval

0.62
0.11

1.13
0.12

0.76
0.14

0.97
0.08

0.78
0.46



File EK 3243

Start Time
Stop Time
Number of SamPles

1.8 m

1.3 m

1.1 m

0.7 m

0.2 m

(')l
E
CD

E
co
E
c
o)ocoo
o
Nz

000 r
eoo +

8oo +

7oo +cr
600 +]
soo +

4oo +

3oo +I
200 +-
100 +ol-

12:00

EKE27'XLS

Piston ventilation with structured cooling ceiling Xl

1992-04-27 12:02

1992-04-27 13:40
93

-----fl- Exhaust

--=G- 0.2 m

0.7 m

1.1 m----a-
--=--I- 1.3 m

----*- 1.8 m

13:00 13:30

0.6 0.8

Poor removal efficiency (< 1) at every measured location'

E
L

.9
q)
I

0.39
0.06

0.95
0.06

0.93
0.06

0.
0.

Removal effectiveness


