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SYNOPSIS 

This paper presents and discusses the application of Computational Fluid Dynamics (CFO) 
techniques to the simulation of the air flow within a workshop with the view of examining and 
improving the performance of its current ventilation system to 1neet the requirements of the 
COSHH regulations. 

Comparisons between predicted air flow patterns and air distribution by three CFD codes with 
measurements taken at selected points within the workshop indicate in general good agreement 
and confirm that the existing ventilation system's performance is unsatisfactory with regards 
the possible removal of contaminants being released within the workshop. The application of 
CFD techniques was successful in identifying a practical solution to the workshop ventilation 
and contamination problems. 

1. INTRODUCTION 

In an industrial plant, the purpose of having 
a ventilation system is to promote thermal 
comfort and prevent the potential exposure of 
workers to harmful contaminants. 

For health effects on workers within the 
workplace, the Health and Safety Executive 
issues a list of Occupational Exposure Limits 
(1) for both short and long term exposure to 
a wide range of industrial substances. 

Site tests performed on a daily basis by the 
Health Physics Department of the Company* 
concenied indicate high ambient levels of air 
contaminants, exceeding the working limits as 
required by the COSHH law. 

In order to bring the concentration levels of 
air contamination within the working levels 
as required by the COSHH regulations, we were 
commissioned by the Company to carry out an 
extensive survey of the air flows within the 
workshop. 

We recognised that the air flow pattern 
within the workshop is fairly complex and in 
order to achieve the desired improvements in 
air quality, it was deemed necessary to 
conduct measurements, smoke flow 
visualisation and computer modelling of the 
air movement within the room. 

Our aim is to briefly report these methods in 
assessing the current ventilation system and 
proposinB a practical solution which would 
lead to a reduction in the levels of ait: 
contamination within the workahop, and to 
assess the agreement between out· measurements 
and computations with three CFO programs. 

Recently , increasing interest has been shown 
in the use of computational fluid dynamics 
(CFD) to predict the pattern of air flow in 
buildings. A few such examples have been 
reported (2) to give an indication of the 
scope of applications of CFD techniques. 

* Due to the confidentiality of the project 
the Company concerned cannot be named. 

2. DESCRIPTION OF THE WORKSHOP AND ITS 
VENTILATION SYSTEM 

The main room is part of the workshop complex 
having principal dimensions of 9m long x 7• 
wide and 4.Sm high and its ante-room having 
dimensions of Sm long x 2m wide x 2.Sm high. 
It includes three identical funiaces with 
their respective control units, lathe booth, 
drill booth, fettling booth, local exhaust 
hoods and a number of work benches as shown 
in Figure l. 

The room ventilation system comprises of 
supply and extracts through registers and 
other openings. The extraction side 
comprises of three local exhaust hoods on the 
three furnaces with added extraction on the 
three aforementioned booths, a local grinder 
hood and two general room extracts located on 
the wall. The input side comprises of six 
supply registers with added input air from an 
opening on the main entrance door (Door B) 
and another opening situated on a door (Door 
A) connecting an adjacent room . 
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3. MEASUREMENTS 

The measurements that were carried out in the 
workshop concern airflow patterns, air 
temperature, velocity, enclosure surface 
temperatures, inlet and outlet air 
temperatures. The air flow patterns were 
observed by releasing non-toxic smoke pellets 
at various locations in the workshop. 

The velocities of both the supply and extract 
sections of the existing ventilation system 
were measuL·ed using hot-wire anemometry and a 
pitot static pressure tube. 

The suL·face and air flow temperatures were 
measu1·ed by thermocouples. Also for the 
purpose of comparisons with CFD simulations, 
further air flow and temperature measurements 
were taken at selected points within the 
workshop. 

It was noted during the recent room 
velocity measurements that the air flow 
the door openings had reduced by 20% 
compared to the previous air 
measurements. 

air 
from 
when 
flow 

4. DISCUSSION OF RESULTS FROM MEASUREMENTS 
AND SMOKE FLOW VISUALISATION 

Results from both the velocity and pressure 
measurements taken at various locations 
within the workshop and the smoke flow 
visualisation indicated that the mass flow 
rate contribution from the supply registers 
is considerably lower than that from door 
openings A and B and less than the mechanical 
ventilation rates of 10 air changes per hour 
recommended by the A.E.C.P. (3) and 
C.I.B.S.E. (4) guides. In principle, such a 
difference will not matter. In this case, 
however, the incoming air from the door 
openings may already contain contaminants and 
thus increase the contamination levels in the 
workshop. 

It is therefore desirable to have a greater 
proportion of the supply air coming through 
the supply registers in the order of 80-90% 
of the total mass flow rate. It was also 
seen that one of the six supply registers, a 
number of the local extract hoods and the two 
general room extracts require either 
redesigning and/or considerable upgrading. 

In summary, the airflow measurements and the 
smoke flow visualisation indicated that the 
air flow pattern within the workshop was 
dominated by two large flow regions. Region 
1 at the working level is dominated by the 
strong air jets from the openings on Doors A 
and B, whilst the other region is dominated 
by a large area of weak recirculation 
situated at the upper layer of the workshop. 

With regards to the small ante-room, it was 
observed that some smoke reached the area but 
once there, it remained for a considerable 
time. 
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5. COMPUTER MODELLING OF AIRFLOW 

From the measurements and smoke flow 
visualisation, it was apparent that the ai 1· 

flow within the. workshop is highly complex 
and three dimensional. It was thus felt tl1at 
to propose a solution to the contamination 
problem based solely on the smoke flow 
visualisation and the limited number of local 
airflow measurements would not be prudent. 
_since many important flow features might be 
overlooked. 

It was thus decided to take positive steps to 
investigate this problem. This consisted of 
utilizing Computational Fluid Dynamic (CFD) 
techniques to initially simulate the air flow 
as currently exists within the workshop and 
then examine the effects of possible 
alterations. The computer simulations were 
initially performed on the HARWELL CRAY-2 
super computer system using the HARWELL FLOW-
3D software. The computational results of 
the workshop airflow, temperature and 
contamination distributions were recently 
presented by one of the authors (S) and 
indicated that: 

(i) 

(ii) 

The performance 
ventilation system 
resulting in large 
from adjacent areas. 

of the current 
is unsatisfactory, 
infiltration of air 

Absence of 
re~ulting 
within the 
time. 

general room extracts 
in contaminants remaining 

room for a long period of 

(iii) It is necessary to upgrade both the 
supply and the extract sides of the 
existing ventilation system. 

(iv) The complex air flow patterns within 
the workshop were satisfactorily 
simulated by the use of CFD. 

(v) CFD simulations of a number of possible 
modifications to the current 
ventilation system were successful in 
identifying a practical and acceptable 
solution to the workshop ventilation 
problem. 

Having established that the air flow patterns 
predicted by HARWELL-FLOW 3D were in good 
agreement with those observed from the 
measurements and the smoke flow 
visualisation, we decided that carrying out 
comparisons of the predicted air flow 
distributions by a number of CFD codes with 
measurements would give a demonstration of 
the capability of CFD techniques in solving 
building air flow problems. 



5.1 Brief description of the CFD programs 

The three CFD programs chosen were FLOW-JD, 
ARIA-R and FLOVENT which have been developed 
by AEA-Ila1-well, University of Reading and 
Flomerics/BSRIA respectively. They are used 
for the calculations of the distributions of 
roum air velocity, temperature and pollutant 
cu11u::nt1·ation. The computation u1ethod 
involves the solution, in finite-domain form. 
of three-dimensional equations for the 
conservation of mass, momentum, energy, 
concentration, turbulence energy and 
dissipation rate of kinetic energy with wall 
function exp1·essions for solid boundary 
conditions. The governing equations are 
exp1·essed in a single forn1: 

Convection + diffusion = buoyancy + other 
sources. 

where JZ5 stands fol' any one of the 

following: 

1 , U, V, W, K, € , H and C . When ¢ = 1, the 
equation changes into the continuity 
equation. A complete description of the 
theoretical basis for the three CFD codes can 
be found in references (6), (7), (8), and 
(9). 

U, V, W - Velocity components in X, Y and Z 
directions respectively 

K - Kinetic energy of turbulence 

E - Dissipation rate of turbulence energy 

H - Specific enthalpy 

C - Concentratl on 

0 - General fluid property 

P - Fluid density 

f1 - Diffusion coefficient 

S - Source term of general fluid property 

6. RESULTS 

In the computer prediction, it was assumed 
that the air velocities from all the supplies 
were normal to and uniformly distributed 
across the openings and the surfaces of the 
room with its objects were isothermal. Due 
to the lay-out and geometric complexity of 
the equipment within the room, their 
representation has been simplified. Thus 
only what was considered to be the most 
important features were modelled. As such, 
it should be stressed at this point that the 
results from the flow simulations were used 
only to indicate the macroscale effects, ie., 
the most dominant features within the airflow 
rather than being taken to indicate precise 
details of the air flow behaviour. A total 
of five predictions were performed for the 
workshop unoccupied and two of them are 
discussed here. 

6.1 Case 1, llVAC 
ventilation system 

The existing 

A steady state CFD calr.:ulat.in11 i.-as d.-,ue by 
each of the CI'Il codes with a total g1id 
number of 4lX44X27. Com:erged sol11t iu11s M'l'e 

obtained by the Cfil cudes. 

Measurements of ruom air velocities were 
carried out at the points when X = l.76m w1d 
3.73m. Z=0.8111, l.6rn and 2.Srn while Y=l.Slm, 
4. 53nl, 6. Sm and 8. 2111. 

The air flow and tempera t11re rl.is tr i hut i._ins 
the measureme 11 ts ;~ncl 

Case 1 are presented in 
resulting 
computa ti• Ills 
Table 1. 

from 
for 

6.2 Case 2, HVAC 5: The proposed ventilation 
system 

A steady state CI'D calculation was done with 
the following modifications to the 
ventilation system. 

(a) 

(b) 

(c) 

Increasing the numbe1· of general roorn 
extracts from the existing ti.-o tn a 
total of seven. 
The six supply grilles were relocated 
to O.Sm above their current positions. 
Both the total supply and extract mass 
flow rates were increased accordingly 
thereby reducing the mass flow rate. 
contribution from the two door ope11ings 
to 20% of the total input 111as.s flo11: 
rate. 

The workshop and its modified ventilation 
system were modelled with a total grid muulier 
of 4SXS2X33. 

It was envisaged to prP;;ent comparisons 
between the CFD predicted airfloll.' patterns 
with those resulting from measurements after 
the implementation of the above modif ic:ations 
to the existing ventilation system. As there 
were no measurement data available yet for 
comparison, we decided to carr} out a 
comparison of the results between the CFO 
codes. However, once the p1·oposed sys tern is 
implemented, further measurements of aii· fl Olli 

and temperature distribution will be carried 
out for compa1· is on with the CFD results. The 
air flow distributions resulting from two CPD 
simulations for Case 2 are presented in Table 
2. 
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ROOM 
COORDINATES 

x = 1. 76m 

y z 

1. 53 0.8 
4.53 0.8 
6.8 0.8 
8.2 0.8 

MEAN 

1. 53 2.5 
4.53 2.5 
6 . 8 2.5 
8.2 2.5 

MEAN 

x = 3.73m 

y z 

1.53 0.8 
4 . 53 0.8 
6.8 0.8 
8.2 0.8 

MEAN 

1.53 1. 6 
4.53 1. 6 
6.8 1. 6 
8.2 1. 6 

MEAN 

1. 53 2.5 
4 . 53 2.5 
6.8 2.5 
8.2 2.5 

MEAN 

Table 1 Case 1: 
measurements and CFD 
ventilation system 

MEASUREMENTS 

Comparisons between 
data for the existing 

COMPUTATIONS 

Code 1 Code 

(CFD) 

2 

Vel. (m/s) Temp. Vel. (m/ s) Temp . Vel. (m/s) Temp. 
Vr (° C) Vr ( < C) Vr ('C) 

<0.10 Min 0.250 20.55 0.110 20.57 
<0.10 20.5 0.134 20.57 0.091 20.57 
0.22 o. 323 20.61 0.153 20.56 
0.95 0.872 20.50 0.916 20.50 

0.29-0.34 0.395 20.56 0.318 20.55 

0.51 0.606 20.32 0.564 20.37 
0.81 Max 0.838 20.23 0.748 20.31 
0.60 21.6 0.572 20.37 0.129 20.55 

<0.10 0.124 20.50 0.045 20.57 

0.48-0.51 21°c 0.535 20.36 0.372 20.45 

<0.10 Min 0.260 20.54 0.167 20.60 
0.28 20.5 0.810 20.69 0.321 20.68 
0.18 0.790 20.71 0.195 20.67 
0.47 0.500 20.59 0.754 20.50 

0.23-0.26 0.590 20.63 0.359 20.61 

1.38 1.960 20.88 1.685 20.87 
0.76 1.180 20.74 1. 434 20.83 
0.38 0.737 20.65 0.934 20.75 
0.30 0.580 20.64 0.451 20.61 

0. 71 1.111 20.73 1.126 20. 77 

0.68 0.794 20.28 0.692 20.37 
0.87 Max 0.888 20.26 0.653 20.36 
0.25 21. 6 0.148 20.55 0.218 20.64 
0.38 0.512 20.60 0.443 20.67 

0.55 21 °c 0.586 20.42 0.502 20.51 

Where Vr is the resultant velocity of Vx, Vy and Vz 

Code 3 

Vel. (m/s) Temp. 
Vr C ''c) 

0.115 20.24 
0.104 20.19 
0.206 20.30 
0.889 20.45 

0.329 20.30 

0.797 20.19 
0.750 20 .15 
0.734 20.19 
0.250 20.36 

0.633 20.22 

0.151 20.22 
0.146 20.20 
0.027 20.26 
o. 771 20.41 

0.274 20.27 

1. 327 20.61 
0.658 20.40 
0.140 20.32 
0.622 20.39 

0.687 20.43 

0.897 20.50 
0.598 20.34 
0.500 20.35 
0 . 171 20.37 

0.542 20.39 



Table 2 Case 2: Comparison between CFD data 
for the proposed ventilation system 

COMPUTATION (CFD) 

ROOM Code 1 Code 2 
COORDINATES 

Vel. (m/ s) Vel. (m/s 
x = 1. 76m Vr Vr 

y z 

1. 53 0.8 0.283 0.278 
4 . 53 0.8 0.122 0.070 
6.8 0.8 0.222 0.177 
8.2 0.8 0.386 0.495 

MEAN 0.253 0.255 

1. 53 2.5 0.333 0.242 
4.53 2.5 0.242 0.209 
6.8 2.5 o. 411 0.241 
8.2 2.5 0.160 0.194 

MEAN 0.287 0.222 

x = 3.73m 

y z 

1. 53 0.8 0.160 0.135 
4.53 0.8 0 .092 0.192 
6.8 0.8 0.124 0.196 
8.2 0.8 0.250 0.339 

MEAN 0.157 0.216 

1. 53 1. 6 0.744 0.296 
4.53 1. 6 0.266 0.110 
6.8 1. 6 0.100 0.150 
8.2 1.6 0.258 0.105 

MEAN 0.342 0.165 

1.53 2.5 0.603 0.305 
4.53 2.5 0.429 0.498 
6.8 2.5 0.494 0.187 
8.2 2.5 0.133 0 .114 

MEAN 0. 415 0.276 

Where Vr is the resultant velocity of Vx, 

Vy and Vz 

7. DISCUSSION OF RESULTS FROM COMPARISONS OF 
MEASUREMENTS WITH CFD CODES 

Due to the large amount of 
each of the CFD program and 

few 

data generated by 
the short na t ure 
resul t.s f L"<)lli the 0f this paper, only a 

CFD codes are presented here. 

The air flow patterns predicted by the three 
CFD codes are in good agreement with smoke 
flow~isualisation showing the influence of 
the strong air jets from the openings on 
doors A and B and the presence of the large 
area of weak recirculation in the upper zone 
of the workshop, (see Figure 2). 

Also s een is the relatively Luge amount of 
air flowing from the main workshop tu t.lie 
adjacent ante-room (Figu1·e 3) . This is 
undesicable because any contaminants p1 ·esent: 
would remain in the ante-room fo1· lung 
periods of time (Figure 4), since i.t is 
impractical to ins tall general niom ext 1 ac ts 
in this area. 

The predicted air velocities by the CFD codes 
in Table 1 are in better agreement with those 
of the measurements taken at X=l.76111 than 
those at X=3.73m i.e. through the main jet 
from door B. The predicted values , 
particularly at Z=0.8 and 1.6 for X=3.73m are 
somewhat higher for velocity in the air jets. 
The possible reason for the discrepancies in 
the velocity fields is that the air floi.1s 
through door B had reduced by 2C% resulting 
in the low air velocities measur~d at the 
section ( X=3. 73 ) through the air jet from 
door n. In view of this, the predictions can 
be considered satisfactory. 

The temperature distributions pcedicted by 
the CFD codes are within the minimum and 
maximum measured temperatures. Temperature 
distributions are in good agreement betwee.n 
the codes ( particularly 1 and 2 ). 

Experimental measurements show temperatures 
higher than those prescribed as boundary 
conditions in the modelling. This suggests 
the contribution of heat sources which were 
not modelled. These would also influence the 
air movement. Further the effect of buoyancy 
from these sources and the different 
ventilation supply temperature has not been 
considered. This may have the effect of 
improving predictions. As yet no simulations 
have been made to check grid sensitivity; 
this can be a significant factor. 

Another important factor which might cause 
further discrepancies between predicted and 
measured air flows is that the measurement of 
air velocity below O.lm/s with the hot wire 
presents a problem because of the difficulty 
in the calibration of the probes and the 
impact of the free convection on the heat 
transfer from the probes at low velocities. 
The establishment of the flow direction in 
the workshop also presented another problem 
during measurements. 

43 



There is a need for a portable instntment. 
which will <J.llow measurements of very low 
v·elocities to less t.hnn 0.05m/s with 
guaranteed accuracy, able to give an 
indication of flow direction and free from 
heat t1ansfer problems. The development of 
such an instrument will fricilitate 
1neasu1·ements, become handy in air motion 
t.es ts in n)oms and assist in the validation 
of low air flows predi c ted by CFD codes. 

Simulations of a nwnber of possible 
modifications to the existing ventilation 
system led to a practical solution to the 
1.-ockshop ventilation and contamination 
problems (5). Examples of these are shown in 
Figures 5, 6 and 7. 

A comparison with figures 2, 3 and 4 clearly 
shows the reduced influence of the jets, the 
removal of a large recirculation zone near 
the ceiling and the i:eduction of the amount 
of air flowing into the ante-room. 

The predicted air velo~ities by the CFO' codes 
for Case 2 (Table 2) show an improvement in 
the ovei·aLl airflow distribution in the 
workshop. The workshop now has better ;iLr 
distribution with the mean room air ve-lt>City 
reduced from O.Sm/s to 0.211m(s in the 
occupied zone. Despite not having 
measurement data for comparisons, generally, 
good agreement between the CFD codes have 
been achieved. 

Once the proposed modlf ications to the 
current vent i lation system have been 
implemented, further air flow mea.su·reu1ents ln 
the workshop will be carried out and these 
results will be compared with the predicted 
values in Table 2. Studies of this kind are 
necessa.1.·y to demonstt"ate the potential 
benefits of using CFD in the design of high 
quality internal environment. 

8. CONCLUSIONS 

(1) Air flow measurements, smoke flow 
visualisation and computer modelling 
agree on the airflow patterns and 
confirm that the performance of the 
existing ventilation system is 
unsatisfactory. 

(2) CFD simulations of a nwnber of possible 
modifications to the current 
ventilation system were successful in 
identifying a practical solution to the 
workshop ventilation and contamination 
problems. 

(3) Most of the computations presented in 
this paper are in good agreement with 
the measured results. A few 
discrepancies were found. 

(4) A portable instrwnent for measuring air 
flows at very low velocities with 
guaranteed accuracy and giving 
direction of airflows in rooms is 
required l.o validate predictions by CFD 
codes. 
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(S) CFD has demonstrated its capability to 
assess and improve the air flow 
patterns and air distributions in the 
workshop, showing its potential as a 
design tool for high quality internal 
environment. 

(6) Further simulations and measurements of 
the contamination distribution in the 
existing design and the proposed design 

• are required to evaluate the 
effectiveness of the two ventilation 
systems in conti:olling the level of 
contaminant distribution in the 
workshop. 
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Fig 1 The workshop showing the ante-room, 
supply, and extract systems 
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