
r 
l 

r 

I r 
I [ 
( [ 

I I 
I I 

I 

I I 
[ I 

LI 
l 

~ : I 

.. I ~· 

rl · I 
~\ . 

Netherlands 
organization for 
appl ied scientific 
research 

TNO-rapport 

Publication no.: P 88/040 

Authors: R.D. Crormnelin 
E. Buringh 

Nothing from this issue may be reproduced 
and/or published by print. ~notoprint , 

microfilm or any other means without 
previous wntten consent ~rom TNO. 

In case this report was draited under 
instruction, the rights ana ooligations of 
contracting parties are suo1ect to either the 
'Standard Conditions for research- and 
development instructions given to TNO, 
1979' or the relevant agreement concluded 
between the contracting parties on account 
of the research ob1ect invo1ved. 

o 1988 TNO 

TNO Division ofTechnology 
for Society 

P.O.Box217 
2600 AB De1ft 
Schoemakerstraat 97 
2628 VK Delft, The Netherlands 

Telex 38071 zptno nl 
Fax +31 15 616812 
Phone +31 15 69 69 00 

VALIDATION OF A MULTIPLE CELL MODEL 
FOR THE PREDICTION OF AIR TEMPERA­
TURES A.ND POLLUTION CONCENTRATIONS 
BY MEASUREMENTS IN AN INDUSTRIAL 
HALL 

Date: 1988-07-22 

Order no.: 17777 

Department of Indoor Environment 



• 
1 

r 
r 

' 1 

r 
f 

~ 
I 

L 

[ 

.. I 

i I 

.1 

I 
I 
I 
I 

VALIDATION OF A :VlCLTIPLE CELL \t!ODEL FOR THE PREDICTION OF AIR TE.M­
PERATlJRES AND POLLUTION CONCENTRATIONS BY MEASUREMENTS IN AN 

INDUSTRIAL HALL 

R.D. CROM1'1ELIN :i.nd E. BURJNGH 

T'iO Division of Technology for Society, Department of Indoor Envrionment, P.O. Box 
217, 2600 AE Delft. the Netherlands 

ABSTRACT 

A multiple cell model has been developed for an industrial hall to calculate temperatures and concentrations of air pollu­
tion. In this hall air velocities. temperatures and concentrations have been measured. Also smoke tests have been made to 
study the air flow pattern. 
The temperatures and concentrations were calculated for steady state conditions and for a sudden stan of the production 
of heat and pollution when temperatures and concentrations build up from zero m constant values. The calculated steady 
state concentrations and temperatures are compared with the measured values. A good measure for the accuracy of the 
prediction by calculations with the model is the standard deviation of the differences between measured and calcuJated 
values. For the temperatures the standard deviation is about 1 K and for the concentrations this is about 0.16 mg.m--', i.e. 
about 30% of the average concentration. The local deviations are highest at places with strong gradients, i.e. near sources 
and in convective flows. 
The model provides a good method for predicting the dispersion of heat and air pollution in large or smaller enclosures 
(industrial halls or rooms). The dynamic version of the model can be used for concrol strategies in air pollution or temper­
atures . 

1. INTRODUCTION 

Dispersion of heat and air pollurion can be unpleasant or even hazardous, especially in large enclosures like industrial 
halls. In order to get acceptable working conditions it is desirable to predict temperatures and concenrrations of air pollu­
tants in advance. In that case proposed measures for improvements can be studied before they are realized. 
Prediction of temperatures and concentrations is possible by: 

mathematical models: 
scale models 

To srudy the air movements in industrial halls under influence of the wind and heat sources and the dispersion of heat and 
air pollutams caused by these air movements measurements were taken in an industrial hall [l]. In a later study a scale 
model of this hall was built and temperatures and concentrations (tracer gas) were measured in this model [2]. The mea­
surements in the model were compared with the measurements in the hall itself taking into account the laws for scale 
models. A mathematical model which calculates the air flows in an enclosure requires the numerical solution of the 
Navier-Stokes equations in a large number of grid points. This means a large computational effort. In this study a more 
simplified approach has been followed. The hall was divided into a number of cells and the air flow between the cells are 
estimated from the measurements in the hall. The supply of air from outside and the exhaust air are simulated by external 
air flows to and from the relevant cells. With these air flows and the specified sources of heat and air pollution the tem­
per:uures and pollution concentrations could be calculated by a multiple cell model. This model only calculates convec­
tive transports of heat and pollution. In case of heat transport there is also heat loss by rransmissior. through the roof. 
This can be simulated in the model by heat sink in the cells under the roof. There is no heat loss through the side walls 
because the hall is enclosed by ocher halls with about equal temperatures. 
With a multiple cell model different cases of transport of heat and pollution can be studied with much less effort than is 
possible with scale models or measurements in the hall itself. However, the air flows must be completely specified before 
whereas a scale model provides information about the flow field. 

2. THE MULTIPLE CELL MODEL 

The air flows and convective transport processes in the hall are approximated as 2-dimensional. The hall is divided into a 
number of rectangular cells. For each cell (see Fig. 1) the mass balance for the ill flows gives 

(l) 

In thi~ equation AU is the volume. flow of cell kl co cell i j, s\ j is t~e air tlow supplied from outside, Ai j is the total air 
flow trom the cell and p is the 3..lr density. In Equauon ( 1) aCJcordrng to the censor notauon summauon over the neigh­
bour cells kl is applied. In the hall the changes in density are small and therefore the density is considered as constant. 
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Equation (1) reduces to a balance of volume flows: 

(k,1 ~ i, j) 

A 1 l 
'l 

'.l 

A 1 j i kl --

Fig. 1. Air flow from cell k, l to cell i, j . 

The he:u balam.:e for a cell i, J gives: 

v dT
1 1 

_A: j Tkl pi j Si j T' . Ai j Ti j 
' dt - kl + + i j 

(2) 

k.I 

(3) 

In mis equation V is the cell volume, that is the product of the ceil surface in Fig. 1 and the hall width. P1 J is the heat 
production in cell i, j divided by the produc;: of the density and specific heat (pc) of air. T0 is the average temperature of 
;:he air outside the hall. 
Equation (3) can also be used for the mass balance of air pollution if Ti j is replaced by the concenrration ci j . The term 
P' J is then rhe production of pollution in cell i, j . The concentration in the supply air is assumed to be O in the calcula­
tions so the third term in Equation (3) becomes 0. In that case the balance for the air pollution is: 

dd j _ i j Ck! pi J • Ai j Ci j 
V -Aki + .. dl lj 

(4) 

Figure 2 gives a lengthwise section of the hall with the cells. The arrangement of the cells agrees with rhe places in the 
hall where measurements have been taken. 
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Fig. 2. Lengrhwise section of the hall with the arrangement of the cells. 
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As can be seen from Fig. 2 the index i varies from 1 to 7 and j varies from 1 to 14. Because of the varying height of the 
roof only half of the top row cells (i = 7) belong to the enclosure of the hall. 
In steady state condition the left hand side of Equations (3) and (4) becomes 0. The equations can then be written as: 

i j Tkl pi J = O 
Aki + (5) 

i j kl i j 
'\1 c + p = 0 (6) 

A\~ is included in A~~ (k = i and l = j). In Equation (5) T is the increase of the inside air temperature above the average 
outside air temperacure. Equations (5) and (6) are systems of linear equations which can be solved with well-known 
solution te hn iques. In our case we have 98 equations with 98 unknowns. The solution techniques can handle only 1-
dimt!nsional and 2-dimt!nsional matrices, however, and therefore Equations (5) and (6) must be written as follows: 

i ..J i 
A . 1- + P = 0 

J 

I ,J i 
A. \.. + P = 0 

J 

(7) 

(8 ) 
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This implies transfonnarion of 4-dimensional tensors to 2-dimensional tensors and transfonnacion of 2-dimensional ten­
sors to vectors. The indices i and j in Equations (5) and (6) are combined to one index varying from 1 to 98. Two solu­
tion techniques have been used, namely the matrix inversion method and the conjugate gradients square (CGS) method. 
With matrix inversion the inverted matrix B of the matrix A is determined (B = A -1 ). The temperacures and concentra­
tions are calculaced by the following equations: 

B
1 

pl+ T
1 = 0 

J 

a'. pl + c' = o 
J 

(9) 

(10) 

For the matrix inversion a standard routine provided by the computer firm in machine language could be used. This has 
the advantage that the user does not need to write algorithms to solve the equations but only needs to provide input data 
(air flows, produccion rates, air supply). 
The computer time for the calculation is about 5 minutes in our case where the matrix A has 98x98 elements. This com­
puter time is strongly dependent on the number of elements, however. Moreover it requires large storage capacity for the 
matrices A and B where onlv about 500 of the ca. 10,000 elements are different from 0. Matrix inversion therefore is a 
very easy but also a very in'efficient method. In a more detailed simulation where the enclosure was divided in 4x98 
instead of 98 cells matrix inversion was impossible with the available computer facilities. 
A more efficient method to solve large systems of linear equations is the Conjugate Gradients Squared method as devel­
oped by the Technical University of Delft. For a description of the method the reader is referred to the report (3]. By 
using this method the computing time required to solve the equations for 98 cells was about 2 minutes instead of 5 min­
utes required when applying matrix inversion. For the 4x98 cells the computing time was about 12 minutes. 
As non-stationary condition the built-up of overtemperatures and concentrations from 0 ro the steady state calculated by 
Equations (7) and (8) has been considered. The initial concentrations and overtemperatures are zero and at each moment 
the concentration and overtemperature are calculated from their value at a previous moment by the following equations: 

l i i _J i 
T 

1 
= T +(A. 1- + P) dt/V 

t~ t J 
(11) 

I I i _j i 
C = C +(A. L + P) dt/V 

t+l t J 
(12) 

(dt = timestep berween two moments) 
As the production terms P are supposed to be constant the oven:emperntures and concentrations approach to a constant 
value afcer a sufficient Ion a time. But if the production terms or air flow terms are specified as functions of time the 
overcernperature and conce"'ncration in each cell at each moment under these varying circumstances can be calculated 
with Equations (11) and (12) just as well. 

3. THE FACTORY HALL 

The hall in question is entirely enclosed by other work halls. The ground plan of the hall is rectangular and there are 
openings in che walls connecting it with the adjacen~ halls (see Fig. 3). In the non:h and _south walls are windows which 
can be opened. The roof has seven high parts and eight low pans. In each of the five high parts counted from the west 
side of the roof an exhaust fan has been installed. In the hall are two eleccrotinning machines (ETl and ET2). Each 
machine is locally exhausted. The most important heat sources are the two fusion ovens in which the tinplate surface is 
heated up to the melting point of tin. The most important air pollutant is the oil mist escaping from the tinning plant 
lubricating system. 
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E~·-Fig. 3. The S-hall. 
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From Fig. 3, it can be seen that the hall was divided geomeoically into t..i cross seciions and three longitudin:l.l planes. 
Two of the latter planes pass through the center lines of the machine. and che remaining plane passes becween the 
machines. Concentrations, temperatures and air velocities were measured in 1he intersection points of the planes at dis­
tances of 2.75 m above each other. These measurements were made from a crane which could move in lengthwise direc­
tion through the hall above the machines. The crane was also used for smoke tests 10 deiermine the now direction in 
each measuring point. 
Figure 4 shows the results of the smoke tests and Fig. 5 the temperatures measured under the low pans of the roof. It was 
impossible to take the measurements in all 14 cross sections in one day. Longer measuring periods were unacceptable 
because the weather conditions (wind) and plant production could have changed too much. Figure 6 shows the concen­
trations measured in the hall. 
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Fig. 4. Direction of the smoke at the measuring points in the S-hall. 
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cross section: 1 2 3 4 5 6 7 8 9 

23.9 25.0 26.5 27 .6 33.0 

23.3 24.7 26.5 26.9 33.6 

23.2 22.8 25.4 25.4 30.6 

22.9 22.0 24.1 23.8 

22.7 21.8 22.9 23.7 

22.3 20.8 22.3 

lengthwise section over the ET-1 

23.5 24.5 26.5 26.7 30.7 

23.5 24.2 26.5 26.7 26.3 

23.4 22.9 24.9 25.4 25.4 

22.8 22.2 23.8 24.5 25.0 

22.7 21.8 22.8 23 .8 2U 
21.9 21.2 21.7 22.6 24.8 

lengthwise section over the middle between the ET-\ and ET·2 

23.6 25.0 26.3 27.7 33.8 

23.5 2H 26.3 27.3 3J.2 

23.3 22.3 24.1 25.4 27.3 

23.0 22.3 ''r") 
--'·- 24.7 

22.7 22.0 22.6 23.9 
2 \.9 2 \.0 2'2.2 

lengthwise section over the ET·2 

Fig. 5. Tt:mperarures in the S-hall in °C. 
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cross section: 1 
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0.6 

0.6 0.6 0.5 
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0.6 0.7 0.6 

0.6 0.6 0.5 

4 5 6 

0.7 l.J 

0.7 l.O 0.9 
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0.8 0.8 0.6 

0.9 1.0 

0.8 1.l 0.8 

0.8 0.8 0.7 

0.7 0.7 0.6 

0.7 0.7 0.7 

0.7 0.6 0.6 

0.7 0.7 0.6 

lengl.hwise section over I.he middle between I.he ET- I and ET-2 

0.5 l.O 1.0 

0.6 0.6 0.4 0.9 0.9 0.9 

0.6 0.6 0.4 0.6 1.0 0.8 

0.6 0.5 0.5 0.7 0.6 0.7 

0.6 0.5 0.5 0.6 0.7 

0.6 0.5 0.6 0.6 0.7 

0.6 0.5 0.6 0.6 0.7 

lengthwise section over the ET-2 

7 8 9 10 

0.8 0.6 

l.l 0.9 0.7 0.6 

0.8 0.7 0.7 0.4 

0.7 l.O 0.3 0.7 

0.8 0.7 

0.6 l.3 

0.7 inlluence of machines 

0.9 0.7 

l.l 0.8 0.8 0.5 

0.9 0.8 0.7 0.4 

0.8 0.7 0.7 0.4 

0.7 0.6 0.8 0.4 

0.7 0.5 0.6 0.5 

0.7 0.5 0.6 0.5 

l.l 0.6 

1.4 0.8 0.8 0.6 

l.l 0.9 0.8 0.5 

0.8 1.1 0.9 0.4 

0.7 0.8 

0.6 1.9 

0.6 influence of machines 

Fig. 6. Mass concenrrations of oil mist in the hall (mg_m-3). 

4. CALCULATED TEMPERATURES . 

II 12 13 14 

0.7 

0.8 0.7 0.6 0.5 

0.7 0.6 0.7 0.5 

0.6 0.7 0.7 0.5 

0.6 0.7 0.5 0.4 

0.7 0.6 0.5 0.4 

0.5 0.6 0.5 0 . .l 

0.6 

l.O 0.6 1.0 0.5 

0.8 0.6 0.9 0.5 

0.6 0.6 0.7 0.4 

0.5 0.6 0.5 0.4 

0.5 0.5 0.5 0.4 

0.6 O . .l 0.5 0.4 

0.6 

0.8 0.6 1.0 0.5 

0.7 0.5 0.9 0.5 

0.5 0.5 0.6 0.5 

0.5 0.5 0.5 0.5 

0.6 0.5 0.5 0.6 

0.6 0.5 0.5 0.5 

In Fic:r. 7 rhe volume flows becween the cells and the local heat production are given. The volume flows are estimated 
from ~he velocity measurements and smoke tests in the hall. The location of the heat production was found f-c,om the tem­
perature measuremencs and~rhe convection flows above che r1?achi_nes. T~e v_o~u.me flows are expressed in m.)y I and the 
heat production terms in m.).K.s- l as the acrual heac ~rod~cnon ( in W) 1~ d1v1aed by the product of che de_ns~ty and spe­
cific heat of air (in J .K-1.kg-1 ). The to cal heat producuon in the hall ch en ts 2 MW. The heat loss by rransm1ss10n through 
the roof is simulated by heac sinks in the cells under the roof. 
In Fic:r. 7 also the air flows to the hall through openings and windows and the air flows from the hall to outside are given. 
Ont/average pows are given. In the hall air exchange by turbulence between the cells is assumed. A turbulence velocity 
of 0.098 m.s- gave the best agreement between measured and calculated values of temperatures and concenrrations. 
The dimensions of the cells are: 

length 12 m 
height 2.88 m 
width 32 m 3 1 ' J 

This crives turbulent volume flows of 37 .6 m .s- in venical direction and 9 m.) .s- in horizontal direction. These flows 
are added to the flows given in Fig. 7. 

The outdoor air entering through the windows near the roof fell down to the lower part of the hall because of the large 
temperature difference ( 15-20 K). This is represented in Fig. 7 as supply air m the lower cells (i = l and '.;). Equation (9) 
only calculates overcemperarures. i.e. the temperacure rise in each ceU by the heat production. The actual temperature is 
found by addi tion or the average oucside temperature. This varies slightly over the cross section because of the variation 
in the outdoor temperature during the day. The average outside temperarures are: 

j = 1,2 Tin= 13.7°C 
j = 3-6 Tin= 14.1°C 
j = 7.8 Tin= 14.5°C 
j = 9 Tin= 14.6°C 
j = 10-12 Tin= 14S'C 
j = 13.14 Tin= 14.2°C 

I~ Fig. 8 the measured and calculated temper~ture_s are given. The calculations have been performed under two condi­
tions, namely with 98 cells, 14 in honzontal direcuon, ;ind w1th 4x98 cells, 4x 1.+ cells in horizontal direction. In case of 
4x98 cells only the CGS method could be used whereas in case of 98 cells also matrix inversion could be used for the 
calculation. 
With Equ~cio~ ( 11) the ~em~er~ture rise in each cell (98 cells) has been calculaced at sudden heac inpu t. In Fig. 9 the tem­
perature . nse in two points _is ill usrrace~ . one point in che .upward convective flow with fast tempera ture response, the 
other point near the floor w1th a large a.i~ supply and also air tl?w co. cpe neighbour halls (see Fig. 7) with relatively slow 
temperature response. The temperacure nse in the ocher cells will be in between the temperature rise of these two points. 

5 
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Fig. 7. Volume flows and heat production in the hall (winter condition). 

j -cross section: 1 2 3 4 5 6 7 8 9 10 

7 

t 6 23.7 24.8 26.4 27.3 32.5 

5 23.4 24.6 26.4 27.0 31.5 

4 23.3 22.8 24.8 25.4 27.9 

3 22.9 22.2 23.7 24.3 

2 22.7 21.9 22.8 23.8 

22.0 21.0 22.l 

measured temperatures. averaged over 3 lengthwise sections 

23.0 25.0 25.4 28.5 28.6 

23.3 24.0 25.l 25.8 26.5 27.6 29.5 30.8 32.7 31.4 

23.4 24.l 25.0 25.7 26.4 27.5 29.3 30.7 32.8 32.3 

23.4 23 .7 24.4 24.8 25.4 26.4 27.8 29 .0 32.5 32.0 

23.3 23.4 23.5 23.8 24.2 24.9 26.1 26.7 

23.l 22.3 22.6 22.8 23.2 23.6 24.6 24.8 

22.8 22.l 21.4 22.0 22.5 22.8 

calculated temperatures . ..i,.93 cells 

22.7 24.6 26.7 28.8 28.6 

22.9 23.4 24.5 25.4 26.3 27.4 28.6 29.4 30.0 29.2 

23.l 23.5 24.4 25.1 25.9 26.8 28.2 29.3 30A 29.5 

23.0 23.0 23.7 :A. I 24.7 25.5 26.9 28..l 30.6 29.6 

22.8 22..l 22.6 22.8 23.l 23.6 24.7 26.l 

22.l 21.5 21.4 21.5 21.8 21.9 23.1 24.3 

20.6 20.0 19 5 20.3 20.9 21.0 

calculated temperatures. 98 cells 

Fig. 3. Measured and calculated temperatures (°C). 
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Fig. 9. Temperature rise in two points at sudden heat input. 

5. CALCULATED CONCE~'TRATIONS 

I :1. 

/ J=9 
3 5 7 9 ,11 13 

~u;-u--L_nl 
I - -- I/ I r- ,. ) . I __ 11......_' 

-J 

-- tm1n 

so 60 

The concentrations have been calculated with Equation (10) for steady state conditions and with the same air flows as 
for the temperatures (see Fig. 7). In this hall the main air pollution is caused by an oil mist which comes from the mov­
ing pans of the machines (rotating shafts). In Fig. 10 the cells where pollution is produced are indicated. Fig. 11 shows 
the measured and calculated concentrations. The concentrations in the convective flow upwards and under the roof are 
higher than near the floor where fresh air is su pplied. With Equation ( 12) the built-up of the concentration in each cell is 
c::U.cul:ued if the production of air pollution as indicated in Fig. 11 suddenly scans. Figure 12 shows the concenrration rise 
in the same two poi ms as indicated in Fig. 9 for rhe temperature rise. The shape of the curves is somewhat different from 
those in Fig. 9 because the production of air pollution is (()cated at different places as the heat production and not con­
centrated into a small area. The concemration rise in the other cells is in between the concenrration rise in these two 
cells. 
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Fig. l 0. Production of air pollution (oil mist) in the hall (mg.s· l). 
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j --cross section: 1 2 3 4 5 6 7 8 

7 0.60 0.87 1.10 0.93 

t 6 0.60 0.63 0.63 0.80 1.00 0.87 1.20 0.87 

5 0.60 0.60 0.53 0.73 0.87 0.77 0.93 0.80 

4 0.60 0.57 0.60 0.73 0.77 0.67 0.77 0.93 

3 0.60 0.60 0.60 0.73 0.70 0.73 0.70 

2 0.60 0.63 0.63 0.73 0.70 0.63 1.23 

0.60 0.60 0.60 0.70 0.73 0.67 

measured concenrrations, averaged over 3 lengthwise sections 

0.62 0.69 0.63 0.68 

0.63 0.64 0.67 0.69 0.69 0.70 0.73 0.75 

0.63 0.64 0.66 0.68 0.71 0.73 0.74 0.76 

0.62 0.63 0.63 0.65 0.70 0.76 0.75 0.75 

0.62 0.61 0.59 0.61 0.66 0.74 0.73 

0.62 0.58 0.53 0.57 0.62 0.71 0.71 

0.60 0.55 0.47 0.56 0.63 0.66 

calculated concenrrations, -h98 cells 
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calculated concentrations, 98 cells 

Fig. 11. Measured and c:ilculaced concenrrations (miu-1 ). 
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Fig. 12. Concenrracion rise in two points at sudden production of ;iir pollution. 
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6. COMPARlSON OF CALCCLATED VALLJES WITH MEASURED VALlJES 

6.1 Temper:i.tures 

In order to compare the calcu!Jted temperatures :ind concenrrations with the me:i.sured values (see Fig. 8 and 11) the dif­
ference between these two values has been calculated for e:ich cell. For each calcul:ition the :i.verage value and the stan­
dard deviation of these differences ~ere determined. Table 1 gives the results for the temper:i.tures. In this table 
T' = t.T measured - 6TcaJcu!Jted• T' is the average value and oT' is the standard deviation of T . 

Table l. Comparison between measured and calculated temperatures. 

Simulation T GT' 1.H TJLJ.T crT'/6 T 
(K) IK) (K) (%) (%) 

calc., 4x98 cells, first period -0.73 l.16 11.4 6 10 

calc., 4x98 cells, second period -0.43 l.16 11.4 4 10 

calc., 98 cells, first period -0.14 l.14 11.4 1.2 10 

calc., 98 cells, second period 1.15 l.02 11.4 10 9 

sc:i.le model, first period 2.16 2.38 11.4 19 21 

The calculacions have been ompared with temperatures measured in cwo measuring periods in the winter. In che first 
period (see Fig. 5) the cemper:uures were measured under the low pans of the roof, i.e. in the odd numbered cross sec­
tions. In the second period cemperacures were measure in the cross sections 2-7 . Also included in the table is a compari­
son between measurements in a scale model of the hail (I :20) and the measurements in the hall during the first period 
[2]. -
In most calculations the average ovenemperature (T) ceviates less than 1 K from che average ovenemperacure in the hall 
and in one calculation chis deviation is only slightly more than 1 K. By a slightly modified heat input this average devia­
tion can be made zero. But this will have no influence on the standard deviation of T. The standard deviation determines 
the accuracy which can be reached in predicting the te:':1peracures in the hall. In fact ic gives the 68% confidence limits. It 
depends on the t1ucruations in the hall temperatures by :rregular a.ir movements and possible other causes. These fluctua­
tions are particularly srrong near heat sources. The sc::Je model, however, gives higher values of che average value and 
standard deviation of T'. This indicates that with scale :node! measurements the accuracy in the prediction of che temper­
atures is lower in this case than with a mathematical model as described in this paper. 

6.2 Concentrations 

The oil mist concentrations in the hall have been me:J.sured on a summer day and a winter day. On the summer day the 
air flows entering and leaving the hall (ventilation) \ as considerably higher than on the winter day because more win- . 
dows and doors in neighbour hall were open. This caused lower concenrrations on the summer day. 
As with the ovenemperacures the difference between ;he measured and calculated concentration in each cell was deter­
mined. Table 2 gives the average value a~d standard deviation of these differences. In .chis table C' = Cmeasured -
Ccalcul ted· The results of the concencrauon measurements in the scale model simulating the summer day are also 
include~. The ;i.verage difference between the measured and calculated concenrrarion (C') is very low in most cases. The 
standard deviation oC' has abour the same value in all cases. The scale model measurements do not give a higher value 
of the standard deviation than the calculations as is the case for the temperatures. Expressed in a percentage of the aver­
age concentration the standard deviation is much higher than the standard deviation of T. This is caused by the different 
accuracies in che measurements and the different ave~:i.ge values of the ovenemperarures and the concentrations. respec-

. 1 uve<y. 

Table 2. Comparison between measured and calculated concenrrations. 

Simulation E crC' ~ c c;c crc;c 
(mg.m-3) (mg.m·J) (mg.m-3) (%) (%) 

calc., 4x98 cells, winterperiod 0.018 0.147 0.648 3 ..,~ 

_.J 

calc., 4x98 cells, summer period 0.016 0.152 0.480 3 32 

calc., 98 cells, winter period -0.040 0.164 0.643 6 25 

calc., 98 cells, summer period -0.034 0.164 0.480 7 34 

scale model, summer period 0.003 0.168 0.480 35 
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7. CONCLUSIONS 

Temperatures and concentrations can be predicted with reasonable accuracy by the multiple cell model and by scale 
models. Temperatures are predicted with greacer accuracy by the multiple cell model than by a scale model . 
Calculations require much less effort than model measuremenrs buc require a reliable estimacion of the flows between the 
cells. 

A 
B 
c 
i, j, k, 1 
p 
s 
T 
~T 
t 
dt 
v 

8. NOMENCLATURE 

volume flow tensor (m.3 .~-1) 
inverse matrix of A (s.m-J) 
air pollution concenrration (mg.m-3) 
indices (see Fig. 2) 
production of heat (lll3 .K.s-1) or air pollution (mg.s-1) 
air supply tensor (m.5.s-1) 
temperature (°C) 
temperature difference (K) 
time index 
time step (s) 
cell volume (m3) 
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