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Abstract 
The concept of ventilation effectiveness for mechanical ventilation of an air­
space is reviewed and associated parameters for describing the performance of 
ventilation systems are described. The idea is applied to a study of the thermal 
environment in the waiting hall of a railway station. Two ventilation schemes: 
one with a ventilation system only and the other with an air-conditioning sys­
tem were considered. The proposed air-conditioning system would provide air 
at a temperature only 5 °C below the ambient but with a higher air circulation 
rate. This would reduce the amount of energy used for environmental protec­
tion compared to more conventional systems providing full air-conditioning. 
It is found that using such a scheme it is possible to provide a better thermal 
environment using less energy than with a full air-conditioning system. 

study was carried out to assess the resulting environment 
with different ventilation schemes. 

Population density in the north-eastern part of the 
New Territories of Hong Kong has increased significantly 
in the past decades and travelling by trains is the main 
means of transportation for rapid transit. Everyday, thou­
sands of people pass through the railway stations and, 
inevitably, spend some time in the waiting hall. A proper 
ventilation system [ 1] is necessary and has to be designed 
to provide a good indoor environment. In waiting halls 
with only a mechanical ventilation system, complaints of 
discomfort due to air stuffiness and a hot environment are 
frequently reported. Therefore, proposals were put for­
ward to install air-conditioning systems in the waiting 
halls of railway stations. As the space volume for such a 
waiting hall is large, a partial air-conditioning system was 
proposed to help cut down the energy consumption. A 

Two ventilations schemes: one with a ventilation sys­
tem only and the second with partial air-conditioning 
were evaluated by carrying out detailed investigations in a 
waiting hall. In the second case, cool air with a tempera­
ture 5 ° C lower than ambient would be discharged by the 
proposed air-conditioning system. A higher air speed than 
usual would be used to give a sense of air movement to the 
occupants as such a solution is more favoured in a sub­
tropical area like Hong Kong. This would give a balance 
between the high energy consumption needed to operate a 
normal air-conditioning system and the provision of an 
acceptable thermally comfortable environment [ 1, 2]. 

This paper reports on investigational studies starting 
from reviewing the concept of 'ventilation effectiveness' 
in a large space with mechanical ventilation. Field mea-
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surements and numerical simulations were carried out to 
evaluate the effectiveness of the two proposed ventilation 
schemes for the waiting hall. 

Brief Review on Ventilation Effectiveness 

Ventilation systems [ 1] are expected to achieve three 
goals: maintenance of thermally acceptable environment 
in the occupied zone, provision of outdoor air and dilu­
tion of internal contaminants. 

Many flow parameters have been proposed in the liter­
ature to provide a quantitative description of the environ­
mental characteristics of a ventilated space. The primary 
flow parameters are the mean air speed (or velocity), tem­
perature, relative humidity and contaminant concentra­
tion.Well-known secondary parameters include the local 
age of air, purging air flow rate [3], scales of ventilation 
efficiency, local ventilation rate and different versions of 
air change efficiency and ventilation efficiency. Usually, 
they are calculated from the value of the measured speeds 
at different positions and so depend only on the air flow 
pattern. However, some parameters depend also on the 
contaminant level. The ventilation effectiveness is one of 
the examples and this is a key factor in determining the 
health and comfort conditions in the ventilated space. As 
there is no common agreement on how to describe the 
ventilation effectiveness, different terms have been used. 
Some of them can be evaluated by experimental or 
numerical methods. 

As reviewed by Sandberg [2], the performance of a gen­
eral ventilation system would be determined firstly by the 
distribution of ventilation air in the room and secondly on 
the distribution of air contaminants. The age distribution 
of the air, the net flow rate of ventilation air, and the mean 
age of all air present in the room are key parameters for 
the first part. The local flow rate of contaminant and the 
age distribution of contaminants are important for the 
second part. Mixing of the fresh air and the contaminated 
air is important. 

The age of air was proposed [l, 4] to give the time 
elapsed since a given sample of air entered a space. Air 
change efficiency and ventilation efficiency were then 
derived to evaluate ventilation effectiveness [4, 5]. The air 
change efficiency is a measure of how effectively the air at 
every location in a room is replaced by outdoor air. It 
compares the average residence time for the air molecules 
in the room at ideal piston flow ventilation to the actual 
average residence time in that room with the specified 
ventilation system. Alternatively, the ventilation efficien-
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cy measures how quickly a contaminant is removed from 
the room. The contaminant concentration in the exhaust 
air is related to the average concentration in the room 
through this parameter. Different forms of air change and 
ventilation efficiencies were found in the literature, but a 
systematic analysis method was proposed by Kato and 
Murakami [ 6). Instead of making use of a single parame­
ter, several scales of ventilation efficiency (SVE) were sug­
gested to describe the spatial distribution of age, residual 
lifetime and residence time of air. The scales of ventila­
tion efficiency were extended [7] using a contribution 
ratio to describe the flow field induced by a multiplicity of 
supply air outlets. The air change effectiveness of an 
entire building was studied by Fisk and Faulkar [8]. Here, 
air change effectiveness parameters that indicated the 
extent of short circuiting, mixing and displacement air 
flow in the building were defined. Other forms of ventila­
tion efficiency [1] have been derived based on the use of 
the tracer gas technique to evaluate ventilation effective­
ness. 

As an alternative to the 'age-of-air' approach, ventila­
tion effectiveness has also been defined based on a 'two­
zone' model [9, 10]. In this model, the space under consid­
eration is divided horizontally into two perfectly mixed 
zones. Calculation of the ventilation effectiveness can be 
made from an analysis of the interzonal air flow and the 
steady-state condition in the respective zone. A similar 
evaluation method has been adopted in Appendix F of the 
ASHRAE Standard 62-1989 [11]. 

The parameters defined to describe ventilation effec­
tiveness as noted above can be grouped under three main 
categories. Group 1 parameters, commonly known as 
ventilation efficiencies, are direct measures of contami­
nant removal by the ventilated air. These parameters 
depend on the contaminant concentration field and the 
velocity field. Therefore, the parameters will be affected 
by the location of a contaminant source and the physical 
characteristics of that contaminant. Group 2 parameters 
are commonly known as the air change efficiencies. They 
are measures of the extent of short circuiting or displace­
ment air flow between the air supply and exhaust and they 
are independent of the contaminant diffusion field. 
Group 3 parameters are those correlating the ventilation 
rate for a given space with that of the entire building 
enclosure. The effectiveness of a building with several 
interdependent flow fields (multi-zone air flow) will be 
described. 

In designing a ventilation system, engineers found that 
the air change efficiency is easier to use than the ventila­
tion efficiency. This is because the contaminant diffusion 
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Table 1. Review of the parameters describing ventilation effectiveness 

Parameter 

Air change per hour (ACH) 

Ventilation rate (YR) 

Specific flow (n) 

Nominal time constant 'tn 

Air change time (t,) 

Room mean age of air (Tm) 

(a) Concentration decay 

(b) Concentration growth 

(c) Pulsed injection 

Local purging flow rate (Up) 

Air change efficiency (Ea) 

Local air change efficiency 
(Ep) 

Ventilation efficiency (E.,) 

Local ventilation index (Evp) 

Scale of ventilation 
efficiency (SVE) 

(a) SVEl 

(b) SVE2 

(c) SVE3 

References 

e.g. CIBSE 
[12] 1986 

e.g.CIBSE 
[12] 1986 

Sandberg et al. 
[4] 1983 

Sandberg et al. 
[4] 1983 

Sandberg et al. 
[4] 1983 

Sandberg et al. 
[4] 1983 

Sandberg et al. 
[4] 1983 

Sandberg et al. 
[4] 1983 

Sandberg et al. 
[4] 1983 

Sandberg et al. 
[4] 1983 

Kato and 
Murakami [6] 
1988 

Unit Expression, 

h- 1 ACH=_g_ 
VRM 

ms- 1 YR= Q 
Ar 

s-1 

s 

s 

s 

s 

s 

ms-1 

Tm= fo t·c(t)dt 
fO c(t)dt 

fO t(l - c(t) dt 

Tm= c(oo) di 

JO (I - c(t) 
c(oo) 

Tm= LJO t2·c(t)dt 
2 JO t·c(t)dt 

E., = Cc (oo)- c,(oo) 
<Cp(oo)>- Cs(oo) 

SVEl(x,) = Ca(X,) 
cJv(x)dx 

where c, = q/Q 
c0(x,) = f v(x)Cx(x,,x)dx 

Nomenclature 

Q =volume flow rate in m3 h-1 
VRM =volume ofroom in m3 

Ar= room floor area in m2 

Q =volume flow rate in m3 s-1 

Tm = room mean age of air 
(residence time) 

t =time 
c(t) = concentration at time t 

Cc = concentration at exit 
Cp = concentration at point p 

T P = mean age of air at point p 

c,(x,,x) = contaminant concentration 
at x with contaminant generation at x, 

q = generation rate of contaminant 
c, =perfect mixing concentration 

SVE2( )2 _ f (x - x0 (x,))2 · c,,(x,,x)dx 
Xs - v(s) -

c0 (x,) 

x · Cx(Xs • x)dx where xa(x,) = f v(x) ___ _ 
c0 (x,) 

SVE3 = c' x(x) 
c, 

Cx =contaminant concentration 
in case ofuniform contaminant 
generation 
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Table 1 (continued) 

Parameter References Unit Expression Nomenclature 

Ventilation effectiveness ASHRAE 1-s s = fraction of the supply air delivered 
(Ev) (zone model) Standard 

Ev=--
to a ventilated space that bypasses the I-rs 

62-1989 (13] occupied portion of that space. 
r = fraction of return air that is 
recirculated. 

Air exchange effectiveness Fisk et al. TN = age of air exhaused to the 
[14] 1989 outside 

AEEg1obaJ 
TN 

AEEg1oba1=-
Tm 

AEEBL 
TN 

AEEBL=-
AEEBL = AEE at breathing level 

TBL T BL= age of air at breathing level 

Normalised local age of air Fisk et al. NLA= TN 
(NLA) [14] 1989 TBL 

Air diffusion effectiveness Fisk et al. ADE= TRG 
(ADE) [14] 1989 TBL 

Ventilation efficiency in the Nielsen CR 
occupied zone (Eoc) (15] 1992 Eoc =-

Coe 

Mean ventilation Nielsen - CR 
efficiency (&T) [15] 1992 &T =-::-

c 

Temperature efficiency (&r) Nielsen 9R -9o 
[15] 1992 

e,.=--
9oc- 9o 

Relative contaminant Haghighat Tm 
removal effectiveness(µ) et al. (16] 1992 µ=-

Tmc 

field is difficult to determine at the design stage. To fur­
ther simplify the analysis, they looked for a design param­
eter which is a single number such as the air exchange rate 
that would describe the handling capacity of the ventila­
tion system at any specified location. The relevant param­
eters (such as the purging flow rate and SVE2 [6]) derived 
so far are all group 2 parameters and can be calculated 
only when the 'contaminant field is known. It is highly 
desirable to get design parameters for specifying ventila­
tion effectiveness which can be calculated only from the 
velocity field. It seems that the local ventilation rate is a 
probable candidate although there are many other mathe­
matical expressions derived [ 12-16] to describe ventila­
tion effectiveness as shown in table 1. 

The Ventilation System in a Station 
Waiting Hall 

T RG = age of a return grille located near 
the T BL measurement location 

cR = concentration in the return 
opening 
Coe = mean concentration in the 
occupied zone 

c = mean concentration in the whole 
room 

9R = temperature in return opening 
90 = temperature in supply opening 
9oc = mean temperature in the 
occupied zone 

Tm = average age of air 
T me = average age of contaminant 

Local Ventilation Rate 

The local ventilation rate can be defined as the specific 
ventilation flow rate at a given location of the air flow 
field. The local ventilation rate has been expressed in 
terms of the specific air flow rate for the entire flow field 
divided by the local age of air which is normalised for the 
entire flow field [ 14]. The local air speed has not been con­
sidered for this study and there is no direct relationship 
assumed between the local ventilation rate and the local 
mean air velocity. However, it is well recognised by engi­
neers that the mean air velocity is directly related to the 
local ventilation rate, especially at locations near the sup­
ply air where the local age of air is low. In fact, local mean 
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air velocity should have a dominating influence on the 
local ventilation rate when the age of air is approaching 
zero. The local ventilation rate Vsp at a point Pis defined 
as: 

Equation 3 can be expanded as: 

T(x + uAt, y + vAt, z + w6t, t + dt) = 

T(x,y,z,t) + (~:)uAt + (~~)v6t + (~:)wAt + (~~)6t (4) 

{ 

v, 
Ysp = Tn ( 1) Equating the right hand side of equations 3 and 4: 

Vp 

where T n is the normalised local mean age of air at the 
point P, Vs is the specific flow rate for the entire flow field 
given by the ratio of the supply air flow rate to the volume 
of room, vp is the specific flow rate at point P given in 
terms of the area Ap and volume Volp of the control vol­
ume: 

A Ju2+v2+w2 
Vp=~P ___ _ 

Volp 
(2) 

The local age of air can be calculated based on the numer­
ical method proposed by Matsumoto and Kato [17). 

The local ventilation rate is commonly viewed by engi­
neers as the specific rate of supply of ventilated air to the 
specified location of the flow field. This is similar to the 
macroscopic air exchange rate used in conventional venti­
lation design in that perfect mixing is assumed. An analo­
gy can also be made between the local ventilation rate and 
local air exchange rate. However, by definition, the local 
air exchange rate is an ambiguous and sometimes mis­
leading parameter [ 4). Therefore, the local ventilation rate 
can be considered as a supplement to the host of flow 
parameters defined to described ventilation effectiveness 
[2, 4). The use of the local ventilation rate in the study of 
flow field in HY AC applications has been discussed in 
detail elsewhere [18). 

Age of Air 

A simple method for solving the age directly from its 
transport equation was given by Matsumoto [ 19). A trans­
port equation was derived by assuming that air particles 
are delivered only by convection. Suppose the age of a 
fluid element at a point is given by T(x,y,z,t). When the 
fluid element is moved to another point at time ~t later, 
and if the motion is dominated by convection with air 
velocity components u, v, w along the x, y, z directions, 
the equation for T(x,y,z) is: 

T (x + uAt, y + vAt, z + wAt, t +At)= T (x,y,z,t) +At (3) 
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u(~:) + v(~~) +w(~:) +(~~)=I 
For a very short time interval, the age of air does not 
change and so the transport equation for the age of the 
fluid element is: 

u(~:) + v(~~) +w(~:) = 1 (5) 

This is a type of convection equation composed of the 
convection term and the source term ( = 1). The equation 
can be solved under the known flow field and the bound­
ary conditions of age T. The age can be given as zero at the 
inlet, and aT/an = 0 is assumed on the other boundaries. A 
solution procedure to calculate the age distribution by this 
method has been illustrated [ 19). 

The diffusion concept was included by considering the 
transport equation for the residence time introduced by 
Sandberg [9]. An equation was derived [20) from the con­
servation law in terms of the diffusivity D: 

u(ilT)+ v(aT)+ w(aT)= ~(naT)+ ~(naT)+~(naT)+ 1 (6) 
~ ~ ~ ~ ~ ~ ~ ~ ~ 

In this equation, the tracer is transferred by both convec­
tion and diffusion. It can be considerd as an extension of 
equation 5. But strictly speaking, the two equations are 
different as the age T given by equation 5 is the age of 
fluid elements with zero diffusivity and the age T given by 
equation 6 is the residence time of tracer with diffusivity 
D. Since the diffusivity of fresh air is nearly zero, equation 
5 can be used to calculate the age of air entering through 
the supply duct. 

A more complicated equation has been derived from 
equation 5 by Kato and Murakami [6]: 

(u~ + (v)a(T) + (w~ = ~-(T'u')) + ~(-(T'v')) + ~(-(T'w')) (7) 
ax ay az ax ay az 

where T' and u', v', w' are the variations of age T and 
velocity components u, v, w. The symbol (x) shows the 
average ensemble operation of variable x. The equation 
takes account of turbulent diffusion and the terms (Tu'), 
(T'v') and (T'w') can be approximated by the gradient 
transport hypothesis 

Vt il(T) Vt il(T) Vt il(T) --,--,--
cr, ax cr, ay cr, az 
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a 

20.1 

z x 

b 

3.1 6.2 6.2 3.1 

I I I I 

Fig. 1. Waiting hall of a railway station. 
All measuring points at 1.2 m above floor 
level. All dimensions in metres. AHU =Air­
handling units. a Geometry. b Floor plan for 
measurement. 

If it is modelled appropriately, this equation can give a 
better prediction of the age than the others. 

However, equation 5 is considered to be good enough 
to predict the age of air for most purposes and it is rela­
tively simpler to compute the equation. This is the meth­
od used in the present study. 

Ventilation Effectiveness of a Waiting Hall 

A study was conducted to assess the ventilation effi­
ciency in the waiting hall of a railway station employing 
two alternative ventilation systems. The dimensions of 
the hall are shown in figure 1. A mechanical ventilation 

The Ventilation System in a Station 
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system was installed with the air handling unit shown in 
figures I b and 2a to provide a healthy and odour free 
environment. However, ever since the hall was first 
opened for use, there have been numerous complaints in 
hot summer seasons about a lack of air movement and 
poor air quality. The mechanical ventilation system was 
subsequently replaced with a partial air-conditioning sys­
tem in an effort to improve the thermal conditions. 

Many partial air-conditioning systems have been suc­
cessfully installed in tropical countries to provide margin­
al cooling to occupants at a relatively low energy cost (as 
compared with a conventional air-conditioning system). 
With such a system, the occupied zone of the air-condi­
tioned space is controlled at a temperature 3-6 ° C below 
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1.14 

18.6 

ABU 
a 

0.75 

1.14 

4.92 I ... , -1r- ABU 
b 

0.75 

Fig. 2. Locations of air intake and exhaust. All dimensions in 
metres. Not to scale. AHU =Air-handling units. a VS!: mechanical 
ventilation. b VS2: air-conditioning system. 

the outside air temperature in summer. To compensate 
for the possible discomfort due to elevated room tempera­
ture (which is usually of the order of 28-30°C), the air 
circulation rate in the occupied zone is maintained at a 
high value to introduce a cool draughty feeling. The room 
sensible and latent load is much smaller than that of a 
conventional full air-conditioning system because of the 
smaller temperature differential between the indoors and 
outdoors. The saving in chiller power more than offsets 
the slight increase in fan power needed to create the 
draughty feeling. The size of the chiller plant needed will 
also be much smaller. 

286 Indoor Built Environ I 996;5:280-290 

The proposed partial air-conditioning system for the 
waiting hall is shown in figure 2b. The cool air discharge is 
set at a lower level than that of a mechanical ventilation 
system to maximise the air circulation rate in the occu­
pied zone. In the study, the original mechanical ventila­
tion scheme is labelled as VSl and the partial air-condi­
tioning scheme is labelled as VS2. 

One of the prime objectives of the study was to evalu­
ate the ventilation effectiveness of the two ventilation 
schemes. Two approaches were adopted: field measure­
ment and numerical analysis. From field measurements, 
macroscopic parameters describing ventilation effective­
ness can be determineµ and analysed against the more 
enhanced parameters calculated from numerical simula­
tion. The results obtained from the two approaches 
should complement each other and be able to provide a 
better picture of the effectiveness of the ventilation re­
gime. 

Field Measurements 

Measurements were made in the occupied zones 1.2 m 
above floor level at locations shown in figure 1 b. Grid 
lines were marked on the floor for positioning the mea­
surement points labelled as Ml-M9. A standard tripod 
was used to support the transducer. Measurements were 
made 1.2 m above the floor level during a 5-min interval. 
Only two technicians were engaged in each test to avoid 
causing disturbance to the flow field. They would stay at 
least 900 mm away from the test rig. Because of the small 
temperature difference between the skin of people and the 
surroundings, the buoyancy effect due to the occupant is 
assumed not to affect the experimental results consider­
ably. 

The air speeds were measured using a Briiel & Kjrer 
Indoor Climate Analyzer 1213 which was calibrated in an 
accredited laboratory. 

The age of air was measured by the tracer gas concen­
tration decay method using a Briiel & Kjrer multi-gas 
monitor type 1302. Sulphur hexafluoride (SF6) was used 
as the tracer gas. The age of the air T P at the point P was 
calculated from the expression: 

T p = ( tstop - 1star1) CavfCstart (8) 

where tstart is the time when tracer injection stopped at the 
beginning of a tracer gas decay; tstop is the time of the final 
tracer gas measurement at P during the tracer gas decay; 
Cav is the time average tracer gas concentration at P 
between time tstart and tstop and Cstart is the tracer gas con-
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Table 2. Summary of the physical 
configuration of the test sites Ventilation scheme VSl: with mechanical VS2: with air-conditioning 

ventilation only system 

Approximate number of occupants 
during normal working hours 

150 150 

Design air changes per hour 48.6 48 .6 (higher than the 
normal value for air­
conditioned spaces) 

Nominal time constant, s 74.1 74.1 

Parameters measured 
Mean air speed, m s-1 

Mean 
SD 

0.63 0.69 
0.2 0.38 

Percentage dissatisfied, % 
Mean 24 29 
SD 

Normalised age of air 
Mean 
SD 

6 

1 
0.09 

11 

0.75 
0.18 

Local ventilation rate, h-1 

Mean 52.7 68.2 
SD 

centration at P at time tstart· A more detailed discussion of 
the experimental procedure has been reported [18). 

The percentage dissatisfied [21) due to draught (or ele­
vated air speed [20) for Hong Kong) was also obtained. 

The mean and standard deviation of the measured 
mean air speed, mean age of air and local ventilation rate 
at occupied zone for the test site are summarised in table 
2. The mean age of air was normalised against the overall 
mean for the entire space. Values of the mean velocities 
over all the site exceeded the limits recommended by the 
Chartered Institution of Building Services Engineers 
(CIBSE) [10) as a higher air speed is required to achieve 
the free evaporative cooling effect on the skin. The local 
age of air distribution was related to the configuration of 
the ventilation system and the value decreased from 1 to 
0.76 when the supply air outlets were closed to the occu­
pied zone. 

The following points were noted when comparing ven­
tilation parameters for the two regimes: 

(1) There was a 9.5% increase in the mean air speed in 
the occupied zone with ventilation scheme VS2. A consid­
erable increase in standard deviation of the measure­
ments was observed, suggesting uneven air distribution 
within the occupied zone. The increase in mean air speed 
and standard deviation are expected because air diffusers 
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6.29 14.58 

were installed at a low level to create a draughty feeling in 
the occupied zone. 

(2) The percentage dissatisfied increased from 24% to 
29% with the ventilation scheme VS2. Contrary to the 
prediction that most people feel discomfort with a cool 
but draughty environment, it was suggested [22) that local 
people would prefer 'draughty' surroundings at a higher 
room temperature. 

(3) Both normalised age of air and local ventilation rate 
were improved with VS2 because the air diffusers were 
closer to the occupied zone than with the ventilation 
schemeVSl. 

From the above study of macroscopic parameters, ven­
tilation scheme VS2 proved better than VS 1 with respect 
to its effectiveness. This, however, is because of the ther­
mal environment of the room and the fact that the system 
is used for cooling. As a heating system, it would probably 
give a completely different result since the air draught 
would then be considered as an unwanted form of cooling. 
As a state of uneven ventilation within the occupied space 
contributes to the acceptance of a ventilation scheme, a 
more enhanced spatial analysis of ventilation parameters 
using computer simulation is required for a better under­
standing of the system. 
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Fig. 3. Predicted correlation between mean age of air with mean 
air speed for ventilation scheme VS I. 
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Fig. 5. Mean age of air contour at the occupied zone for ventila­
tion scheme VS 1. 
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Fig. 4. Predicted correlation between mean age of air with mean 
air speed for ventilation scheme VS2. 
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Fig. 6. Mean age of air contour at the occupied zone for ventila­
tion scheme VS2. 
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Numerical Experiments 

The air flow pattern and temperature in the waiting 
halls are simulated by computational fluid dynamics 
(CFD) [23]. This is a self developed software and de­
scribed in detail by Chow and Fung [24]. The assump­
tions made in the simulation are: 

(1) The mean time-averaged values of the air flow vari­
ables, including the air velocity components and tempera­
ture, are predicted. 

(2) The two-equation k-e turbulence model is used to 
describe the turbulence effect and model the higher order 
fluctuation term. 

(3) The set of partial differential equations describing 
conservation of momentum and enthalpy is converted to 
a quasi-linear form by expressing the flow variables at a 
point in terms of its neighbouring variables using the pow­
er law scheme. 

(4) A Cartesian co-ordinate system (x,y,z) is used with 
the y-axis designated as the vertical direction. 

(5) The SIMPLER [25] is used for solving the velocity­
pressure-linked equations (in linear form). 

After predicting the flow field, the local age of air can 
be predicted. Correlation relationships can be derived 
between the local age of air with the local mean air speed. 
The mean air speed Um and the mean age of air Tm are 
plotted in figures 3-4. It can be seen that the mean age of 
air increased as the mean air speed decreased. The follow­
ing linear correlation relationship can be derived from the 
results with a correlation coefficient of 0.647 for ventila­
tion scheme VS 1: 

Tm= 1.244-0.313 Um. (8) 

Similarly, for ventilation scheme VS2, the following line 
was calculated from the data with a correlation coefficient 
of0.761: 

Tm= 0.939-0.352 Um. (9) 

Comparing the two ventilation schemes, a better corre­
lation was found for scheme VS2 with an air-conditioning 
system although using a higher value of mean air speed 
may not necessarily improve the age of air. Contour dia­
grams of the mean age of air for the hall on a typical hori­
zontal plane cutting across the occupied zone for VSl, 
with ventilation system only, and for VS2, with the air­
conditioning system, are shown in figures 5 and 6, respec­
tively. 

The figures indicate that, with VS2, there is a general 
improvement in the mean age of air in the vicinity of air 
diffusers - a direct benefit oflocating air diffusers near the 
occupied zone. A knowledge of the spatial distribution of 
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such ventilation parameters as the age of air is important 
to help identify areas which may have an air quality prob­
lem and so aid the subsequent detailed design of the air 
distribution system. 

Conclusion 

A review of the different parameters used to describe 
ventilation effectiveness has been conducted. At present, 
there is no well-accepted and straightforward method to 
determine the effectiveness of a given ventilation regime. 
The choice of a particular analytical approach will very 
much depend on the nature of the application and the 
type of analysis to be adopted. In this study of the ventila­
tion effectiveness of the waiting hall in a local railway sta­
tion, field measurements and numerical simulation were 
used to determine the ventilation parameters needed to 
describe the thermal environment of the occupied space. 
The mean air speed, percentage dissatisfied with air 
draught, age of air and local ventilation rate in the occu­
pied zone were evaluated for two alternative ventilation 
design schemes. It was concluded that a ventilation 
scheme (VS2) with partial air-conditioning offers a better 
environment than one without (VS 1 ). The study illus­
trates how the effectiveness of a given ventilation regime 
can be analysed in a systematic manner using experimen­
tal or computational techniques. 
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