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Tiny pieces of solid or liquid matter associated 
with the Earth's atmosphere.
Source: dust, motor vehicles, power plants 
PM10: particles smaller than 10 μm 
PM2.5: particles smaller than 2.5 μm 
UFP: Ultrafine Particles, smaller than 100 nm 

http://www.tesa-clean-air.com/eng/fine_dust_particles

http://www.epa.gov/airquality/particulatematter/basic.html



� ASHRAE classify the HVAC filters with standard 52.2 based on 
measured efficiency and pressure drop after subjecting filter to 
test aerosols. The results is MERV (Minimum efficiency 
reporting value)

� It is based on minimum values for three particle size ranges.

• E1: 0.3-1 μm

• E2: 1-3 μm

• E3: 3-10 μm

R. Hecker, K.C. Hofacre ; Development of Performance Data for Common Building Air Cleaning Devices, Final Report, U.S. EPA, Dec 2008. 



R. Hecker, K.C. Hofacre ; Development of Performance Data for Common Building Air Cleaning Devices, Final Report, U.S. EPA, Dec 2008. 



� Number and mass concentration of particles are varied for 
different particle sizes. 

� Also it is changing during day or from one location to other 
one. Even the shape of distribution can be changed.

Costabile et.al (2009)

Costabile et.al Spatio-temporal variability and principal components of the particle number size distribution in an urban atmosphere, Atmos. Chem. Phys., 9, 3163–3195, 2009

T. Hussein et.al. Urban aerosol number size distributions Atmos. Chem. Phys., 4, 391–411, 2004.

A.Asmi et.al. Number size distributions and seasonality of submicron particles in Europe 2008–2009, Atmos. Chem. Phys., 11, 5505–5538, 2011

Hussein et.al (2004)

Asmi et.al (2011)



� We want to find UFP and PM2.5 removal efficiency of different 
HVAC filters. 

� It is a function of size-resolved removal efficiency of filters and 
size distribution of outdoor particles.

o REUFP: UFP Removal efficiency of a filter

o REPM2.5: UFP Removal efficiency of a filter

o di: diameter size of particles in size bin i (nm)

o Ni: Number of concentration of particles with diameter of di

o Ri: Removal efficiency of filter for particles with diameter of di

o ρi : Density of particles with diameter of di (gr/cm3)



� The most common way to present particle size distribution data 
for aerosols is in term of three modes, the nuclei, accumulation, 
and coarse particle modes. Each mode is a log normal 
distribution which they are added together.



� We have found the mass concentration of particles from number concentration assuming
� The particles are spherical
� Density of particles is constant and equal to 1 gr/cm3 or it is varied from 1.25 gr/cm3 to 

1.75 gr/cm3 with average of 1.3 g/cm3 for dp < 140 nm; 1.4 g/cm3 for 140 nm ≤ dp < 
420 nm;  1.5 g/cm3 for 420 nm ≤ dp < 1.2 µm;  1.6 g/cm3 for 1.2 µm ≤ dp < 3.5 µm; 1.7 
g/cm3 for 3.5 µm ≤ dp < 10 µm.

� We totally found and modeled 
� 197 distribution 
� From 40 locations all over the world (urban, rural and close to traffic)
� From 12 different references and studies 
� which measured the long term size-resolved concentration of particles (more than 1 

year)

N
O R

ef

Location 
Typ

e

Location 
Name E

xp
. 

d
uration

Season

UFP 
(#/cm

3)

PM2.5 
case 1 
(μg/cm

3)

PM2.5 
case 2 
(μg/cm

3)

daytime other 
charac.

MODE 1 MODE 2 MODE 3

N, 
#/c
m3

Dp, 
µm

log 
SD

N, 
#/c
m3

Dp, 
µm

log 
SD

N, 
#/c
m3

Dp, 
µm

log 
SD

1 [1] UR Siltavori, 
EU

6 yr W
I

7785 3.1 4.4 3:00 - 4:00 Workd
ay

1600
0

0.01
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18
0

[4] TR Pittsburg, 
US

1 yr 1 20416 3.6 5.1 morning Workd
ay 5100

0.02
2 0.27 3400

0.06
1 0.25 700 0.16 0.24



d
N

/d
lo

g
(d

p
)

dp (μm)

0.001                                           0.01                                                 0.1                     1                                                    10 







� We mostly used a 
report from EPA to find 
out the  removal 
efficiency of the 
filters.

� They measured 
removal efficiency 
filters with 9 MERV 
ratings for particle 
sizes from 0.03 μm to 
10 μm.

R. Hecker, K.C. Hofacre ; Development of Performance Data for Common Building Air Cleaning Devices, Final Report, U.S. EPA, Dec 2008. 
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� The removal efficiency of filters have been measured for particles 
sizes from 0.03 to 10 μm. We do not know what really would happen 
for smaller particles.

� The modeled removal efficiency curves are not fitted to the 
measured data points properly

� These removal efficiencies are not measured for outdoor origin 
particles.

We tried to measured it for filters in StudioE but there were couple of 
problems:

• We measured concentration of particles before and after filters but 
in some cases results were not looking reasonable.

• The concentration of outdoor origin particles in some size bins was 
close to zero

• We could not reach to steady state conditions when the windows 
was open and when it was closed the concentration had been 
dropped down so fast, especially for high efficient filters



� We thought measuring the size-resolved removal efficiency of 
HVAC filters for outdoor origin particles would distract us from 
the main project, therefore we decided to leave it for now. 

� We might measure removal efficiency based on the decay rate 
of particles. It has a capacity to become a master’s thesis topic
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THANKS FOR YOUR ATTENTION

Questions


