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FLOW OF AEROSOL PARTICLES THROUGH LARGE OPENINGS 

SYNOPSIS 

The first part of this paper describes a detailed study of the flow of aerosol 
particles through large openings and the second part describes deposition 
characteristics of aerosol particles in a single-zone chamber lined with 
different types of materials, e.g. aluminium foil and carpet. 

Tracer-gas and aerosol particles were injected into a naturally ventilated 
room and their concentrations with time were monitored. The room was 
fitted with a number of windows which allowed examination of single-sided 
ventilation. The behaviour of particles within the zone with respect to 
mixing, age-of-particles and particle effectiveness was also examined. The 
deposition rate of particles was found to be dependent on the type of lining 
material and size of particles used. Results indicated that particle exchange 
rates were higher than tracer-gas exchange rates. 

LIST OF SYMBOLS 

C,,, = concentration tracer-gas (pg/m3 or ppm) at time t 
Cg,, =concentration tracer-gas (pg/m3 or ppm) at time t equals zero 
Cp, =concentration aerosol particle (pg/m3 or ppm) at time t 
C,(,, =concentration aerosol particle (pg/m3 or ppm) at time t equals zero 
d =particle diameter (pm) 
I = tracer-gas exchange rate (pg/m3h or h-') 
P =particle-exchange rate (pg/m3h or h-') 
C, =concentration measurement at time t equals zero (pg/m3 or ppm) 
Cj =concentration measurement at j (pg/m3 or ppm) 
C, =final concentration measured (pg/m3 or ppm) 
M =number of measurements 
AT =sampling interval (min) 
h,, =slope in the exponential decay region 
zj =time of measurement j (min) 
T, =total measuring t i r n e , ~ ~  M.AT (min) 
a =particle deposition rate (pg/m2h ) 
V =volume of room (m3) 
A =total surface area of room (m2) 
H =height of sampling point from floor (m) [See Figure 11 
X =location of sampling point from side window (m) [See Figure 11 



=local age-of-tracer (min) 
=average age-of-tracer (rnin) 
=local age-of-particle (min) 
=average age-of-particle (min) 
=local tracer or particle-exchange indicator (%) 
=the system's average nominal time constant (min) 
=the local age-of-tracer (or particles) at a point (min) 
=wind speed (m/s) 
=wind direction ( degrees N) 
=indoor temperature - outdoor temperature ("C) 
=deposition velocity (cm/s) 

1. INTRODUCTION 

Particulate pollutants in buildings can have damaging effects on the health 
of the occupants and studies have shown that indoor aerosol particles 
strongly influence the incidence of sick building syndrome [I]. Indoor 
aerosols are not only asociated with outdoor sources (e.g. car exhaust 
emissions, coal and oil combustion, road dust) but also arise from a number 
of indoor sources (e.g. cigarette smoke, building materials, personal 
products). Aerosol particles can deposit in ventilation ducts and on surfaces 
of rooms or can be transported between zones; this can have serious effects 
in hospitals and buildings used by the pharmaceutical industry 121. 
Deposition of airborne particles in museums and galleries can lead to 
perceptible soiling within a short time and ultimately result in damage to 
works of art. 

The concentration of indoor aerosol particles can be reduced by mechanical 
ventilation using extract fans or by natural ventiltion which allows air 
exchange between the indoor and the outdoor environment via windows and 
doorways. The distribution of fresh air and the total supply rate of fresh air 
are important aspects of natural ventilation 131. The airflow estimated using 
tracer-gas techniques [4-51, is not sufkient to describe the removal of 
particles as particle deposition rate, particle type, size, source and 
concentration must be taken into consideraton. This paper describes a 
detailed study of the flow of aerosol particles through large openings and 
the deposition characteristics of particles on different types of materials e.g. 
wood, aluminium foil and carpet. 



2. THEORY 

Generally room air is not perfectly mixed, therefore in any volume of room 
air, there are unequal portions of fresh air and air which has been resident 
in the room for a period of time (ie stale air). The freshness of air in a 
given volume may be described by the 'mean age' of air within it. The 
room-mean age-of-air is defined as the average value of the local mean ages 
of air for all points in a room [3]. This may be measured using the 
concentration decay technique. The method involves the initial injection of 
a tracer gas (e.g. SF6) and particles (e.g. oil-smoke) into a zone and is 
followed by a period of mixing to establish a uniform concentration in the 
zone. The decay of SF6 tracer-gas and smoke particles is then measured 
using suitable detectors over a given time interval. The rate of decrease of 
tracer-gas and smoke-particle concentration is given by the following 
equations: 

CgO = Cg(t0) e -It (1) 

Cp(t) = c,,, e -m C9 

If the concentrations of the tracer-gas and particles are plotted against 
elapsed time on semi-log paper, the negative slopes of the line are equal to 
I and P ,respectively. 
The room-average age-of-air <z> at location j can be determined [6] using 
the following equation : 

<z> = First moment of measured area + First moment of residual area 
Measured area + Residual area (3) 

where: 
M-1 

First moment of measured area = 118 &.AT+ 112 C,.Az.zM + Xk,Cj.zj.A% 

First moment of residual area = C, /h,, ( z, + l/hhrP ) 
M- 1 

Measured area = 1/2(C0 + CM).A~ +Xk, Cj.A% 

Residual area = C, /hex,, 

3. EXPERMENTAL 

Experimental work was carried out using a room 11.6m x 3.65 m with a 
maximum height of 4.2m (Figure 1). The room was fitted with windows 
which allowed single-sided flows to be examined. SF6 tracer-gas and oil- 
smoke particles were injected into the room and this was followed by a 



mixing period during which desk fans were used. Multipoint -sampling 
units were then used to collect tracer-gas samples from the room for 
subsequent injection into infra-red gas analysers type BINOS 1000, 
manufactured by Rosemount Ltd, UK. The accuracy of the measurements 
was estimated to be within f5%. 

Particle concentrations and sizes were measured using a laser-particle dust 
monitor type 1.102, manufactured by Grirnm Ltd, Germany. The monitor 
is capable of measuring particle concentrations in the range 0.0001 - 500 
mg/m3 for particle size ranging between 0.5 - 10 pm in diameter with an 
accuracy of f 5%. 

Aerosol particles were injected into the room using a smoke generator. The 
generator has a microprocessor-controlled system capable of producing oil- 
smoke particles between 0.1 - 2 pm in diameter with a mass median 
diameter of < 0.3 pm. 

4. RESULTS AND DISCUSSIONS 

4.1 Measurements of tracer-gas and particle exchange rates 

Experiments were performed in a room to determine tracer-gas and particle 
exchange rates for the following conditions: 

(i) One window fully-open 
(ii) Two windows fully-open 
The experimental procedure involved injection of SF, tracer-gas and smoke 
particles in the room, Figure 1. After a mixing period of 15 minutes, 
simultaneous concentration measurements of tracer-gas and smoke particles 
(diameter 1 - 2 pm) were performed using the tracer-gas analyser and 
particle monitor, respectively. Samples were taken at six locations within 
the room at heights 0.8 and 1.2m from the floor to determine the local 
concentrations of tracer-gas and particles (see Figure 1). The average 
concentrations of tracer-gas and particles were also measured using 
multipoint sampling systems. A special sampling arrangement was used to 
reduce deposition of aerosol particles. The indoor and outdoor 
temperatures, windspeed and direction were monitored during the tests. 
Figures 2 - 4 show the variation of the concentration of particles and 
tracer-gas with time for condition (i). The particle and tracer-gas decay 
curves were found to be simple exponential functions for all conditions. 

The local tracer (or particle)-exchange indicator % was calculated using : 



Results indicated that local age-of-tracer is higher than the average age-of- 
tracer. Local tracer-gas indicators were found to be in the ranges 0.72 - 
0.92 and 0.7 - 1.16 for conditions (i) and (ii), respectively. 

The local age-of-particles was found to be generally lower than the average 
age-of-particles. For condition (i), local particle-exchange indicators were 
found to be in the ranges 0.47 - 2.78 and 0.89 - 2.92 for d > 1 pm and d 
> 2 pm, respectively. 

The local average age-of-particles was found to be highest in the middle of 
the room. The local average age-of-particles was found to increase with 
increasing particle size. The age-of-tracer was greater than the age-of- 
particles. 

Particle exchange rates were higher than tracer-gas exchange rates. The 
difference in tracer-gas and particle exchange rates is due to the deposition 
(or adsorption effect) of particles on the surfaces of the room. This was 
estimated using the following equation: 

For condition (i), the deposition rates were in the ranges 0.92 - 6.57 
(pg/m2h) and 0.83 - 3.85 @g/m2h) for d > 1 pm and d > 2 pm, 
respectively. 

4.2 Measurements in a lined chamber 

Experiments were performed in a chamber at different ventilation rates. 
The chamber was lined with the following materials: 

(i) wood (unlined chamber) 
(ii) aluminium foil 
(iii) carpet 

For each material SF, tracer-gas and oil-smoke particles were injected into 
the chamber. After a mixing period of 1 hour, simultaneous measurements 
of the concentrations of tracer-gas and oil-smoke particles were performed 
using the infra-red gas analyser and particle monitor, respectively. The 
tracer-gas and particle decay curves were found to be simple exponential 
functions for all conditions. 



Table 3 shows experimental results for conditions (i) to (iii). Deposition 
rate, a, is obtained using Equation 4. Figures 5 - 7 show the variation of 
deposition rate with flow rate for wood, aluminium foil and carpet, 
respectively. The deposition rate on all materials was found to be 
dependent on the size of the particles. Particle exchange rates on wood and 
carpet was found to increase at air exchange rates above 0.9 h-' and 0.8 h-', 
respectively. For aluminium, the deposition rate was found to be highest 
at an air exchange rate of 0.5 h-' and then decreased. Similar results were 
obtained when R10 (silica oxide, SiO,, from Particle Technology Ltd., UK) 
aerosol particles were used instead of oil-smoke particles. 

The deposition rate on wood and carpet was found to be several orders of 
magnitude higher than on aluminium foil. Low deposition rate on 
aluminium indicates that it would be possible to reduce particle deposition 
in buildings by using highly polished metal surfaces. The results also 
indicate that ventilation rate in buildings has a strong effect on particle 
deposition. 

Table 3 also shows the average deposition velocity of the oil-smoke 
particles for various tests. The results indicated that the deposition velocity 
increased with increasing particle size. Deposition velocities in the chamber 
lined with wood and carpet were significantly higher than when aluminium 
foil was used. 

5. CONCLUSIONS 

(i) The results showed that particle exchange rates were higher than 
tracer-gas exchange rates. This was due to the deposition effect of 
particles on the surfaces of the room and chamber. 

(ii) Deposition rate was found to be dependent on the size of particles 
and on the type of lining material used. 

(iii) The results also indicated that ventilation rate in buildings has a 
strong effect on deposition of particles. 

(iv) The room age-of-tracer was found to be greater than room age-of- 
particles. 
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Table 1 Experimental Results; One Window Fully-open 



Table 2 Experimental Results; Two Windows Fully-open 



Table 3 Results For Lined Chamber 
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3 Variation of particle concentration with 
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Figure 4 Variation of tracer-gas concentration with 
time, one window fully-open, H=0.8m 
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Figure 6 Variation of particle deposition rate with 

tracer-gas exchange rate, aluminium 
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Figure 7 Variation of particle deposition rate with 

tracer-gas exchange rate, carpet 


