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Abstract 

Use of a HEPA (high efficiency particulate air) filter in a room is believed to assist in reducing the 
risk of transmission of infectious diseases through removing the particles or large droplets to which 
pathogens may be attached. Use of a portable HEPA filter(s) in hospital wards is hypothesized to 

increase the effective ventilation rate (for particles only). Use of a portable HEPA filter is also 
hypothesized to increase the effective airflow rate of the general ward to the standard of an 
isolation ward for emerging infection diseases. This may be a good solution for housing patients 

when the number of beds in an isolation ward is insufficient. An experiment was conducted in a 
full scale experimental ward with a dimension of 6.7 m × 6 m × 2.7 m and 6 beds to test these 
hypotheses for a portable HEPA filter. The removal efficiency for different size particles was 

measured at different locations. The influence of the portable HEPA air cleaner on the airflow 
pattern was also studied through smoke visualization and computational fluid dynamics (CFD) 
simulations. Results show that the HEPA filter can effectively decrease the particle concentration 

level. The effective air change rate achieved by the HEPA filter (for particle removal only) is from 
2.7 to 5.6 ACH in the ward. The strong supply air jet from the portable HEPA filter interacted with 
the room airflow pattern and became dominate, introducing global airflow mixing in the room. 

Background noise levels were also measured and noise level in the room increased when the 
maximum airflow of the filter was used. 
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1 Introduction 

Due to emerging infection diseases such as SARS and avian 
flu, in addition to concerns of bio-terrorism, there is a 
growing area of research on the nosocomial environment. 
To create hospital rooms that prevent the spread of such 
infectious diseases, airborne isolation rooms are used. In 
general, these rooms are equipped with mechanical ventilation 
at an air change rate of 12 ACH with or without recirculation 
of air (CDC 2003). However, during a large epidemic such 
as the recent 2003 SARS epidemic and the future possible 
influenza pandemic, the number of the available isolation 
rooms may not be adequate for all patients in all countries. 

Other engineering control strategies may need to be 
considered, such as natural ventilation and use of portable 
HEPA (high efficiency particulate air) cleaners. In Hong 
Kong, the portable HEPA cleaners are recommended by the 
Hospital Authority to be used in clinics and other health  
care settings.  

Use of a HEPA filter in a room is believed to assist in 
reducing the risk of transmission of infectious diseases 
through removing the particles or large droplets to which 
pathogens may be attached. HEPA filters are usually 
installed in the heating, ventilation and air conditioning 
(HVAC) system; however, portable filters may be necessary 
when the central HVAC system cannot provide an adequate  
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air change rate or the system is undergoing repairs (CDC 
2003). Use of a portable HEPA filter is also hypothesized to 
increase the effective airflow rate of the general ward to the 
standard of an isolation ward for emerging infection diseases. 
This may be a good solution for housing patients when the  
number of beds in an isolation ward is insufficient 

Two conditions are necessary for use of a portable HEPA 
filter in a ward: 

1) The portable HEPA air cleaners should recirculate all 
or nearly all room air through the HEPA filter (CDC 2003). 

2) In cases where the airflow patterns may be important 
(such as isolation rooms), the portable HEPA air cleaners 
should not disturb the existing airflow pattern produced by 
the existing ventilation system.  

Theoretically speaking, these two requirements are in 
conflict. If a portable HEPA filter is able to produce a global 
airflow circulation in the room, it is expected that it will 
also disturb the existing airflow pattern. However, if a portable 
HEPA cleaner does not disturb the existing airflow pattern, 
it will not recirculate all or nearly all room air through the  
HEPA filter.  

There are many existing experimental and modeling 
studies on how to control particle levels by use of filters in a 
room (Antonicelli et al. 1991; AEA Technology 1994; Cheng 
et al. 1998; Johnson and Brown 1998; Emmerich and 
Nabinger 2001; Cheong et al. 2004; Lam et al. 2006). 
However, these studies mostly focused on the effectiveness 
of portable air cleaners for the removal of particles from 
residential or commercial buildings, especially on removal 
of large particles related to pet allergens, pollen, and dust- 
mites (Ward et al. 2005). These studies all assumed that 
airflow pattern inside the room is well mixed. Recently, the 
impact of placement of portable air cleaner on airflow 
patterns have been studied in a residential or workshop 
environment (Novoselac and Siegal, 2009; Zhang et al. 
2010). However, there are no studies on the application of 
HEPA cleaners in a hospital environment that focus 
specifically on the influence on the existing airflow pattern  
by the portable air cleaner. 

In this paper, a laboratory experiment was carried out 
to investigate the particle removal effectiveness of a portable 
HEPA cleaner in an experimental isolation room with six 
beds. The particle removal effectiveness was tested at different 
locations for the removal of fine particles of the portable air 
cleaner. Furthermore, the combined removal effectiveness 
by both the portable air cleaner and HVAC system was also 
measured. The influence of the portable air cleaner on the 
airflow pattern was studied by both smoke visualization and  
computational fluid dynamics (CFD). 

It is not the purpose of this paper to argue whether 
such portable HEPA cleaners should be used in health care 

settings or clinics for infection control purposes, as there 
are many other different considerations such as operation, 
maintenance, and the need to regularly change HEPA 
cleaners. The purpose of this paper is to address the above- 
mentioned two necessary conditions for the use of portable  
HEPA cleaners. 

2 Procedure and methods 

2.1 Description of the portable air cleaner 

The portable HEPA air cleaner (referred to as a HEPA unit) 
tested is a brand new portable air cleaner (structure shown 
in Fig. 1). Air is driven by a centrifugal fan to first pass 
through a pre-filter, then a HEPA filter. The filtered air is 
supplied into the room through a round opening on the 
top of the unit. Five speeds of the HEPA unit are available, 
which can be adjusted to five different flow rates. The noise  
level of the cleaner increases as the airflow rate increases. 

2.2 Experiment setup 

The HEPA unit was placed in a full-scale simulated isolation 
ward. The experimental ward was built inside of a laboratory, 
and is 6.7 m long, 6 m wide, and 2.7 m high. The ward size 
is based on a typical multi-bed isolation ward in Hong Kong 
used during the SARS epidemic. The envelope of the test 
room, including the floor, is either well insulated or built 
with double-gazed sealed windows. The ventilation in this 
experimental ward is a typical downward system. Air was 
supplied vertically from the supply openings in the ceiling, 
flowing downward, and was then exhausted from floor 
level grilles. The locations of the HEPA unit, beds, supply 
openings, and exhausts are illustrated in Fig. 2. 

 

Fig. 1 A photo of the tested cleaner (left) and the inner structure 
of the portable air cleaner IQAir (right). Latter diagram from 
http://www.iqair.com/EU/ENG/products/Cleanroom.htm 
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Fig. 2 Layout of the simulated ward 

Effective air change rate (ACH) achieved by the HEPA 
unit at each bed location was measured using the following 
approach. We first created a uniform particle concentration 
in the entire ward using a particles generator and mixing 
fans, then measured the concentration decay of particles of 
different sizes at different locations. The effective air change  
rate can then be estimated. 

2.3 Analysis model 

A simple macro equation based on the well-mixed condition 
for the mass or number balance of particles in a zone is used  
for data analysis. 

i 0 s 0 i f

d (1 ) ( )
d
CV Q C η QC Q Q C ηq C S D
t
= + − − + − + +'   (1) 

 The term on the left hand side of Eq. (1) represents the 
particle accumulation or decay, where V is the volume of 
the isolation room (m3), C is the particle concentration 
(μg/m3), t is the period (s).  

 The first term on the right hand side (RHS) of Eq. (1) 
represents the particle penetration into the room via 
infiltration, where Qi is the infiltration airflow rate (m3/s), 

0C '  is the background concentration inside of the laboratory 
and outside the experimental ward (μg/m3). 

 The second RHS term represents the particle supplied 
from the HVAC system, where sη  is the filtration efficiency 
of the filter in HVAC system, Q is the airflow rate (m3/s), 
C0 is the outdoor concentration (μg/m3), where the supply 
air intake was located.  

 The third RHS term represents the removal of particles 
due to combination of exfiltration and ventilation.  

 The fourth RHS term represents the air removal by the 
portable air cleaner where η  is the removal efficiency  

of the HEPA filter and qf is the airflow rate through the 
portable air cleaner (m3/s).  

 The last two terms represent the source (S) and sink (D) 
of the particles, where the sink term D can be written  
as −KVC due to particle settling and K is the deposition 
coefficient. 

Equation (1) can be written as follows when there is no 
particle source in the ward: 

s 0 ii 0 f(1 )d
d

η QC Q Q ηq KVC Q C C
t V V V

− + + += + −( )'     (2) 

The solution to Eq. (2) is obtained as 

i f

i 0 s 0

i f

i 0 s 0

i f

(1 )( )

(1 )(0) e
Q Q ηq KV τV

Q C η QCC τ
Q Q ηq KV

Q C η QCC
Q Q ηq KV

+ + +−

+ −=
+ + +

+ −+ −
+ + + )(

'

'
    

(3)
 

where (0), ( )C C τ  are the initial particle concentration and 
particle concentration at time τ , respectively. When the 
portable air cleaner is switched on, the quantity f /ηq V   
can be interpreted as the effective ACH using the portable 
cleaner. The value of the effective ACH can be calculated 
according to the particle concentration decay. The least 
squares method was used in this study to fit the particle  
concentration decay. 

In order to get the quantity f /ηq V , we first determined 
the following parameters: the outdoor concentration and 
background concentration, the removal efficiency of the 
filter in the HVAC system, particle deposition coefficient of 
different size particles, and the infiltration airflow rate. The 
method and measured results of each parameter is described  
in detail in the Results and discussions section. 

2.4 CFD model 

FLUENT, a commercial CFD software, was used to investigate 
the airflow pattern inside the isolation room. Turbulence 
effect was considered by using the Re-Normalization Group 
(RNG) k-ε model (Ferziger and Peric 2002). The second- 
order upwind scheme was used for discretizing the convection  
terms. 

The governing equations are given in a vector form as 
follows: 

∂
∂

div( ) 0ρ
t
+ =V                                  (4) 

φ φ
φ

φ φ
∂
∂
( ) div( ) div( grad )ρ ρ Γ S

t
+ = +V                (5) 

where φ is a general scalar quantity, which can represent 
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the three velocity components u, v, w, turbulence kinetic 
energy k, its dissipation rate ε, and air temperature T. ρ is 
the air density (kg/m3), Γ is the diffusion term.  

The air velocity from the supply diffuser was set to be 
the same as the average velocity in the experiment. This was 
obtained by dividing the airflow rate by the area of each 
diffuser. The supply air temperature was set as the tem- 
perature in the experimental set-up, 16℃. The geometry of 
the simulated isolation room is the same as the experimental 
ward. All walls were well insulated in the experiment, and 
assumed to be adiabatic in the CFD simulations. A non-slip 
boundary condition was applied on all walls. A simple 
geometry was used to mimic thermal manikins, and half of 
the heat transfer from the manikins was assumed to be 
through convection (Brohus 1997), 38 W. Grid independence 
was tested in simulation using grid number of 200 310× , 
400 310×  and 600 310× . The grid number of 400 310×  was  
used in the final simulations.  

3 Results and discussions 

3.1 Background data measurement 

We first measured the supply airflow rate from the portable 
air cleaner. The HEPA filter has five speeds to provide 
different airflow rates. The diameter of the supply opening 
is about 13.5 cm. The airflow rate can be calculated by 
multiplying the air velocity and the opening area. The 
measured velocity and calculated airflow rates at all five 
speeds are summarized in Table 1. The calculated maximum 
airflow rate at Speed 5 is 535.13 m3/h, which is larger than 
the value of 480 m3/h claimed by the manufacturer. This 
may be due to the new condition of the portable HEPA filter  
used in testing.  

The background and outdoor particle concentration was 
also measured. The outdoor concentration was measured 
by positioning the portable dust monitors outside of the 
simulated ward and close to the supply air intake. The 
background concentration was measured outside of the 
simulated ward and inside of the laboratory, as this will 

influence the indoor particle concentration through 
infiltration. The measured distribution and concentration 
of particles of different sizes is shown in Fig. 3. Results show 
that the particle concentration in the indoor environment 
is much lower than that in the outdoor environment especially 
for large size particles. This is due to the different deposition 
velocities of different size particles. Results also show that 
the concentration of particles larger than 5 μm is unstable  
both for background and outdoor particle concentrations. 

The deposition coefficient and infiltration ventilation 
rate were identified by the natural decay method. Particles, 
especially large particles, can settle and deposit on surfaces, 
in particular on horizontal surfaces such as floors. When 
measuring the effective air change rate of the portable air 
cleaners, the natural decay should be included in the 
analysis. During our natural decay measurement, both the 
deposition rate and penetration effect are included. A 
uniform concentration field of particles in the room was 
generated by using a particle generator and mixing fans.  

 
Fig. 3 The concentration and distribution of outdoor (a) and 
background (b) particles with different sizes 

Table 1 Measured velocity of the HEPA filter and calculated airflow rates. (Points a, b, c, d, e are five points at the opening of the air 
cleaner, in which point b is located on the center of the air cleaner 

Velocity (m/s) 
Speed Point a Point b Point c Point d Point e Mean 

Airflow rate 
(m3/s) 

Airflow rate 
(m3/h) ACH* 

Speed 1   1.99 1.71 1.97 1.98 1.83 1.90 0.027   97.65 0.9 

Speed 2   3.75 3.40 3.88 3.79 3.44 3.65 0.052 188.10 1.7 

Speed 3   5.70 4.84 5.3   5.2   4.85 5.18 0.070 266.70 2.5 

Speed 4   7.75 6.65 7.15 7.4   6.6   7.11 0.10   366.19 3.4 

Speed 5 11.25 9.4   10.8     10.95   9.55 10.39   0.15   535.13 4.9 

* The air change rate is for a room of 6.7 m × 6 m × 2.7 m. 
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The ward HVAC system was off. The mixing fans and 
particles generator were then switched off and the particle 
concentrations were monitored in the closed simulated 
ward. Thus, the mechanical ventilation rate and the airflow 
rate of the filter were all zero. Equation (3) can be written  
as follows: 

i
i i

0 0
i i

( ) (0) e
Q KV τ

VQ QC τ C C C
Q KV Q KV

+−= + −
+ +( )      (6) 

This equation is used to estimate the deposition coefficient 
K and the infiltration ventilation rate Qi. 

Figure 4 shows the measured particle concentration 
profiles with natural decay. By data fitting, the infiltration 
rate i( / )Q V  was found to be 0.035 ACH and the deposition 
rate was 7.4 h–1

 for particles larger than 10 μm. A deposition 
rate of 2.2 h–1 was found for particles 5− 10 μm in diameter, 
0.6 h–1 for the particles with a 1− 5 μm diameter and 0.1 h–1 
for particles less than 1 μm in diameter. Detailed values are  
shown in Table 2.  

The filter efficiency of the filters in HVAC system can 
be determined by turning on the HVAC system alone. There 
was no detailed information about the filter efficiency or the 
deposition of particles in HVAC ducts, hence the experiment  

 
Fig. 4 The curve of experiment data and fitting curve using the least 
squares fitting method for natural decay 

Table 2 Deposition rate of particles for different sizes using the 
data fitting 

Group 
Particle size 

dp (μm) 
Qi /V 

(ACH) K (h–1) R2 

Natural decay >10 0.035 7.4 0.59 

 5− 10 0.035 2.2 0.84 

 1− 5 0.035 0.6 0.9138 

 <1 0.035 0.1 0.91672

was conducted to investigate the filter efficiency plus the 
deposition rate of particles in the ducts. We again generated 
a uniform concentration field of particles in the room using 
a particle generator and mixing fans. The ward HVAC 
system was on and ventilation rate was adjusted to 12 ACH. 
The mixing fans and particles generator were then switched 
off and the particle concentrations decay were monitored 
in the closed simulated ward. Equation (3) can be written  
as follows: 

( )i

i
0 s 0

i

i
0 s 0

i

(1 )
( )

(1 )
(0) e

Q Q K τV V

Q QC η CV VC τ Q Q KV
Q QC η CV VC Q Q KV

− + +

+ −
= + +

+ −
+ − + +
( )

'

'
     

(7)

 

The Qi /V, K can be obtained from previous paragraph. 
Then the sη  can be obtained according the concentration 
decay using the least squares fitting method. The filter 
efficiency sη  is 0.98 for particles larger than 10 μm, 0.95 for 
particles of 5− 10 μm, 0.8 for particles of 1− 5 μm and 0.53 
for particles less than 1 μm. The curve fitting graphs are  
shown in Fig. 5. 

3.2 The effective ACH of HEPA filter with ventilation 
system on or off 

After the infiltration and deposition rates were estimated, 
the effective ACH of the HEPA cleaner was obtained through 
examining the particle concentration decay curve when the 
portable air cleaner is switched on. In this test, the ward air 
conditioning system was turned off. The measured particle  

 
Fig. 5 The curve of experiment data and fitting curve using the least 
squares fitting method when turning on the HVAC system alone 
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concentrations in Bed 1, Bed 3 and Bed 5 (for their positions, 
please refer to Fig. 2) are shown in Figs. 6 (a), (b), and (c), 
respectively. Effective ACH of the portable air cleaner in 
Bed 1, Bed 3 and Bed 5 was found to be 3.6− 3.8 for particles 
less than 1 μm and 5.2− 5.8 for particles of 1− 5 μm. 
Detailed values are shown in Table 3. Due to the unstable 
background concentration and outdoor concentration of 
particles larger than 5 μm, the effective ACH for particles 
larger than 5 μm is not consistent. The curve fitting of 
concentration decay according to the determined parameters 
is also compared with the measured data in Fig. 6. Results 
show that the effective ACH generated by the portable air  
cleaner is very similar in different locations.  

In order to study the interaction between the portable 
air cleaner and the HVAC system, we further measured the 
particle concentration decay when both systems were turned 
on. Both the supply and the exhaust flow rates of the HVAC  
system were measured prior to this particle measurement. 

Two measurements were done. In the first measurement, 
the initial particle concentration was not high (130 μg/m3) 
and due to the high air change rate of the ventilation system, 
the concentration decay was very rapid. In the second 

Table 3 Effective ACH generated by filter for different sizes using 
the data fitting 

Locations
Particle size 

dp (μm) 
Qi /V 

(ACH) K (h–1) 
qf /V 

(ACH) R2 

>10 0.035 7.4   1.2 0.71 

5− 10 0.035 2.14 6.2 0.88 

1− 5 0.035 0.6   5.6 0.99 

Bed 1 

<1 0.035 0.1   3.8 0.99 

>10 0.035 7.4   52 0.92 

5− 10 0.035 2.14 5.6 0.75 

1− 5 0.035 0.6   5.6 0.97 

Bed 3 

<1 0.035 0.1   3.6 1     

>10 0.035 7.4   4.8 0.5   

5− 10 0.035 2.14 6    0.81 

1− 5 0.035 0.6   5.2 0.96 

Bed 5 

<1 0.035 0.1   3.7 1     

 
measurement, the initial particle concentration was set to 
be very high (> 450 μg/m3). The measured particle con- 
centrations in Bed 1, Bed 2, Bed 5 and Bed 6 (for their 
locations, please refer to Fig. 2) are shown in Figs. 7(a), (b), 

 
Fig. 6 (a) Particles decay in different beds using HEPA filter only: (a) Bed 1; (b) Bed 3; (c) Bed 5 
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(c), and (d), respectively. Effective ACH of the portable air  
cleaner is summarized in Table 4. 

3.3 The influence of HEPA on airflow pattern in the 
simulated ward 

Smoke visualization was used to investigate the airflow pattern 
when the portable air cleaner was turned on. In order not 
to damage the HEPA filter in the portable air cleaner, it was 
removed while smoke visualization was carried out. The 
injection velocity of the portable air cleaner at Speed 3 is 
9.7 m/s, which is close to the velocity at Speed 5. From our 
observation, the smoke supplied by the HEPA filter was 
distributed to the whole ward very rapidly. CFD simulation 
results also show the same results. Figure 8 shows the airflow 
pattern from supply diffuser when the portable air cleaner 
is off. Figure 9 shows the airflow pattern from the supply 
diffuser of the HVAC system when the portable air cleaner is 
on with maximum airflow rate. These results clearly illustrate 
the fact that the air was more mixed when the portable air  
cleaner was on. 

Table 4 Summary of measured effective air change rates of the HEPA 
filter at Speed 5 (i.e., 4.93 theoretical ACH for this large ward) 

Locations
Particle size

dp (μm) 
Qi /V 

(ACH) K (h–1) 
Q/V 

(ACH) 
qf /V 

(ACH) R2 

Bed 1 >10 0.035 7.4 12 9.4 0.11 

 5− 10 0.035 2.14 12 6.2 0.9695

 1− 5 0.035 0.6 12 4.0 0.98 

 <1 0.035 0.1 12 4.2 0.86 

Bed 2 >10 0.035 7.4 12 14.8 0.97 

 5− 10 0.035 2.14 12 4.1 0.98 

 1− 5 0.035 0.6 12 4.2 0.99 

 <1 0.035 0.1 12 3.2 0.96 

Bed 5 >10 0.035 7.4 12 8 0.05 

 5− 10 0.035 2.14 12 11.3 0.97 

 1− 5 0.035 0.6 12 4.8 0.98 

 <1 0.035 0.1 12 3.2 0.74 

Bed 6 >10 0.035 7.4 12 6.3 0.96 

 5− 10 0.035 2.14 12 9 0.99 

 1− 5 0.035 0.6 12 4.6 1 

 <1 0.035 0.1 12 2.7 0.95 

 
Fig. 7 Particles decay in different beds using HEPA filter and HVAC system: (a) Bed 1; (b) Bed 2; (c) Bed 5; (d) Bed 6 
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3.4 Measured noise level 

Background noise level was first measured when the ward 
door was closed, and both the HEPA cleaner and the room 
ventilation were turned off. The background noise level 
was 32.6 dB at the time of measurement. The measured 
noise levels when the HEPA cleaner was turned on are 
summarized in Table 5. Results showed that the noise levels 
increased as the air cleaner speed level was increased. 
Furthermore the noise level seemed to be rather uniform in  
the entire ward. 

Table 5 Noise levels when the portable air cleaner was turned  
on (dB). The background noise level was 32.6 dB at the time of 
measurement 

Locations 

Speed HEPA Bed 1 Bed 2 Bed 3 Bed 4 Bed 5 Bed 6

Speed 1 57.1 35.3 34.9 36.2 37.2 36.7 35.5 

Speed 2 66.7 40.9 40.5 39.5 41.9 41.6 40.1 

Speed 3 69.3 46.7 44.6 44.0 46.8 46.5 45.9 

Speed 4 73.6 51.0 49.6 48.7 51.7 51.9 49.3 

Speed 5 81.3 58.2 56.8 55.6 58.6 58.8 56.8 

 

Fig. 8 (a) CFD predicted spread of supply air streams in the simulated ward shown by iso-surface of air temperature (16.8℃); (b) CFD
predicted airflow pattern at a middle plane shown by velocity vectors. The portable air cleaner is OFF 
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4 Conclusions 

The HEPA filter tested was found to produce a global air 
circulation in the test room at Speed 5. An effective air change 
rate was found to be not less than 70% of the theoretical value 
at Bed 3 which is the most remote bed from the HEPA 
filter. The measured effective air change rates suggested a 
good flow mixing in the ward at high speed (airflow rate is  
535.13 m3/h). 

However, it is expected that stagnant zones or dead 
zones would exist when the HEPA filter is operated at lower 
speeds (for example, Speed 1 or 2 with airflow rates of 97.65 
or 188.10 m3/h, respectively), due to the low injection air 
velocities. The injection air speed is less than 2 m/s at Speed 1,  

and more than 10 m/s at Speed 5. 
Very high noise levels (81.3 dB close to the cleaner and 

58.8 dB in a bed) were also measured at Speed 5 for the air 
cleaner in this case study. Instructions should be given to 
patients and health care workers not to turn off the air 
cleaners when the noise level of the air cleaner is high, as 
running the air cleaner at low speeds may be associated with  
lower effective air change rates. 

Our CFD simulation confirmed the measured data at 
Speed 5 (airflow rate of 535.13 m3/h), showing that the 
airflow in the ward is nearly fully mixed. The originally 
designed airflow pattern in the ward is completely destroyed  
by the strong HEPA filter air flow. 

It should be noted that this study is a case study about 

 
Fig. 9 (a) CFD predicted spread of supply air streams in the simulated ward shown by iso-surface of air temperature (16.8℃); (b) CFD
predicted airflow pattern at a middle plane shown by velocity vectors. The portable air cleaner is ON 
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one specific HEPA filter. Conclusions and results can only 
be extended to air cleaners with performances close to the  
one in this study.  

Acknowledgements 

The work described in this paper was supported by the 
Research Grants Council of the Hong Kong SAR Government 
(Project No. HKU 7150/06E), Research Grants from National 
Nature and Science Foundation of China (NSFC) (Project 
No. 50808038), and Jiangsu Nature and Science Foundation  
(Project No. BK2009289).  

References  

AEA Technology (1994). Testing of HEPA and ventilation filters. 
Filtration & Separation, 31,781. 

Antonicelli L, Bilo MB, Pucci S, Schou C, Bonifazi F (1991). Efficacy of 
an air-cleaning device equipped with a high-efficiency particulate air 
filter in house dust mite respiratory allergy. Allergy, 46: 594− 600. 

Brohus H (1997). Personal exposure to contaminant sources in ventilated 
rooms (p. 22). Department of Building Technology and Structural 
Engineering. Aalborg University, Aalborg. 

Center for Disease Control and Prevention (CDC) (2003). Guidelines 
for Environmental Infection Control in Health-Care Facilities. 
U.S. Department of Health and Human Services Centers for 
Disease Control and Prevention (CDC), Atlanta, USA.  

 

Cheng YS, Lu JC, Chen TR (1998). Efficiency of a portable indoor air 
cleaner in removing pollens and fungal spores. Aerosol Science 
and Technology, 29: 92− 101. 

Cheong CD, Neumeister-Kemp HG., Dingle PW, Hardy GS (2004). 
Intervention study of airborne fungal spora in homes with portable 
HEPA filtration units. Journal of Environmental Monitoring, 6: 
866− 873. 

Emmerich SJ, Nabinger SJ (2001). Measurement and simulation of 
the IAQ impact of particle air cleaners in a single-zone building. 
HVAC&R Research, 7: 223− 244. 

Ferziger JH, Peric M (2002). Computational Methods for Fluid 
Dynamics, 3rd edn. Berlin: Springer. 

Johnson AE, Brown RC (1998). Measurement of the performance of 
air cleaners against the particulate element of rosin-based solder 
flux fume. Annals of Occupational Hygiene, 42: 511− 519. 

Lam KS, Chan FS, Fung WY, Lui BSS, Lau LWL (2006). Achieving 
‘excellent’ indoor air quality in commercial offices equipped with 
air-handling unit-respirable suspended particulate. Indoor Air, 
16: 86− 97. 

Novoselac A, Siegel JA (2009). Impact of placement of portable air 
cleaning devices in multizone residential environments. Building 
and Environment, 44: 2348− 2356. 

Ward M, Siegel JA, Corsi RL (2005). The effectiveness of stand alone 
air cleaners for shelter-in-place. Indoor Air, 15: 127− 134. 

Zhang T, Wang S, Sun G, Xu L, Takaoka D (2010). Flow impact of an 
air conditioner to portable air cleaning. Building and Environment, 
15, 2047− 2056. 

 

 


	Particle removal efficiency of the portable HEPA air cleaner in a  simulated hospital ward 
	1　Introduction 
	2　Procedure and methods 
	2.1　Description of the portable air cleaner 
	2.2　Experiment setup 
	2.3　Analysis model 
	2.4　CFD model 

	3　Results and discussions 
	3.1　Background data measurement 
	3.2　The effective ACH of HEPA filter with ventilation system on or off 
	3.3　The influence of HEPA on airflow pattern in the simulated ward 
	3.4　Measured noise level 

	4　Conclusions 
	Acknowledgements 
	References  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Basemic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /E-B1
    /E-B1X
    /E-B2
    /E-B2X
    /E-B3
    /E-B3X
    /E-B4
    /E-B4X
    /E-B5
    /E-B5X
    /E-B6
    /E-B6X
    /E-B7
    /E-B7X
    /E-B8
    /E-B8X
    /E-BD
    /E-BKB
    /E-BKBX
    /E-BKH
    /E-BKHX
    /E-BX
    /E-BZ
    /E-DY
    /E-F1
    /E-F1X
    /E-F2
    /E-F2X
    /E-F3
    /E-F4
    /E-F4X
    /E-F5
    /E-F5X
    /E-F6
    /E-F6X
    /E-F7
    /E-F7X
    /E-F8
    /E-F9
    /E-F9X
    /E-FX
    /E-FZ
    /E-H1
    /E-H1X
    /E-H2
    /E-H2X
    /E-H3
    /E-H3X
    /E-H4
    /E-H4X
    /E-H5
    /E-H5X
    /E-H6
    /E-H6X
    /E-H7
    /E-H7X
    /E-HD
    /E-HT
    /E-HT1
    /E-HT2
    /E-HX
    /E-HZ
    /E-KY
    /E-SXT
    /E-TT
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /E-X1
    /E-X1X
    /E-XF1
    /E-XFX
    /E-XFZ
    /E-XT
    /E-XY
    /E-YB
    /E-YT1
    /E-YT2
    /FencesPlain
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GBK_S
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /Impact
    /Kingsoft-Phonetic
    /LucidaConsole
    /LucidaSansUnicode
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MSOutlook
    /MT-Extra
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Regular
    /NSimSun
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /SimHei
    /SimSun
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TrueFrutigerLight
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.12500
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.12500
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


