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ABSTRACT

Nowadays, the infections cause the higher patient mortality and longer time in hospitals and clin-
ical treatment units. It requires the good quality of healthcare services. This paper presents the
research in an attempt to realize a mobile laminar airflow system for preventing the contamina-
tion of airborne pathogens by protecting the surgical site area as well as the instrument table as
low-cost as possible. The portable laminar airflow system and centrifugal fan are modeled by using
computer-aided design (CAD) software. This system concludes a blower, UVC lamp, standard filter,
high-efficiency particulate air (HEPA) filter, and instrument table. Then, the proposed device was
verified through numerical simulations. Computational Fluid Dynamics (CFD) was performed to
optimize the system design by examining and evaluating the results, as well as computing the aero-
dynamic characteristics for the system's centrifugal blower and taking fan pressure variation into
account while adjusting inlet flow. As a result, sterile conditions may be created instantaneously
and anyplace using this proposed laminar airflow system. The innovative layered airflow sterilizer
may achieve a local Biosafety Level Il in a specific area, such as an isolation room, patient bedroom,
or operating room. After modeling the system, the finer mesh of centrifugal fan was carried out to
ensure the accuracy of numerical simulation. There are four domains discretized in a centrifugal fan
such as impeller fluid domain, volute fluid domain, inlet, and outlet fluid domain. The inlet mass
flow rate strongly affects the performance of the centrifugal fan. The numerical results show that
the total pressure maintained inside the blower increase as the flow rate gets larger. The results of

this study provide an essential basis for optimizing system design in future investigations.
Key words: Computational Fluid Dynamics, Centrifugal Fan, Air Flow System, Aerodynamic

I NTRODUCTION

Following the global COVID-19 outbreak, these ex-
perts identified signs of the possibility of airborne dis-
ease transmission. The COVID-19 has highlighted
the possibility of airborne dissemination not only in
outdoor and crowded areas but also in indoor envi-
ronments. In hospitals or clinical treatment units,
airborne infection exposure is more frequent and
poses greater risks than before !=>. The risk of cross-
infection from these airborne pathogens is greater in
vulnerable hospital patients and the healthcare staff
who work for them®. Along with that, each med-
ical facility’s hospital is raising awareness about the
prevention of epidemics and infections. Nosocomial
infections, particularly postoperative infections, are
common following surgery because of various risk
factors that are contributing like age, duration of oper-
ation, number of persons within the operation room,
the general condition of the operating theatre... The
nosocomial infections prolonged the lengths of hos-
pitalization, developed multi-organ dysfunction, and
increased mortality. In 1969, Charnley et al.” found

that postoperative infection in orthopedic total hip re-
placement with prosthetics is closely related to oper-
ating room air quality. The improvement of the air
cleanliness led to the decline in the rate of wound in-
fection. Li et al.® also studied the effect of air dur-
ing a SARS outbreak in a hospital in Hongkong by
inspecting the ventilation design and air distribution
system. They concluded that it is necessary to improve
the quality of the airflow system to reduce the risk of
cross-contamination in the isolation ward.

Computational fluid dynamics (CFD) is a well-known
technology for solving numerical issues relating to
fluid mechanics. Le et al.”~!* used the CFD simu-
lation scheme to evaluate fluid motion and hydro-
dynamic characteristics (pressure, velocity, etc.) in
a microchannel or sterilization chamber. Because of
the time and cost savings, CFD is also widely applied
in the medical profession in the numerical simula-
tion of infection, pathogen dispersion, and the per-
formance of ventilation systems... Ho'* and Peng et
al.'> presented CFD simulations for evaluating the
airborne pathogen transport and transmission risks
of the virus. Ho found that wearing a face mask or
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face shield could reduce the risk of disease transmis-

sion. Yamakawa et al. '°

performed numerical simu-
lations to study the prolonged dispersion of the coro-
navirus in the classroom. A CFD simulation to pre-
cisely analyze the effect of face shields in reducing
Coronavirus transmission was performed by Treti-
akow et al. V7. Bhattacharyya et al. '® reported a study
on the bactericidal effect of air from air-conditioning
machines combined with aerosol sanitizer in hospi-
tal isolation rooms. Lu et al.'” used CFD to analyze
a stratum ventilation system in a hospital for the re-
duction of exposure risk. Ascione et al.?’ have ap-
plied CFD in classroom design in the time of COVID-
19. Beggs et al.’! performed CFD calculations to
evaluate different ventilation strategies in removing
airborne pathogens and concluded that airflow plays
a significant role in reducing the incidence of infec-
tious diseases, through improving ventilation systems
can reduce environmental contamination and noso-
comial infection rates in hospital. A dispersion model
of infectious pathogens due to human activities in a
hospital ventilated space was constructed by Hath-
way et al.”*>. The laminar airflow system provides a
wide, secure safety zone around the patient and the
surgical team (including their instruments), signifi-
cantly reducing the risk of germ and airborne parti-
cle contamination. Laminar air-flow units are gen-
erally two types: ceiling-mounted (vertical flow) or
wall-mounted (horizontal flow). They are intended to
reduce pollution by delivering a consistent and signif-
icant amount of filtered air to the surgical room, and
contaminants are washed out immediately. Therefore
much attention has been paid to the laminar airflow
system in a hospital. Sadrizadeh et al.>* created a
model of an operations room using two different ven-
tilation strategies. They came to the conclusion that
the horizontal laminar airflow system outperformed
the vertical system since the surgical lamps and heat
plumes have little impact on horizontal airflow pat-
terns, and the horizontal system is simple to build
and operate, cheap and does not necessitate modifi-
cations to current surgical lamps or air conditioning
systems. However, to have the greatest result of re-
moving infectious diseases, it is always important to
pay attention to the actions of humans and other ob-
jects. Furthermore, there is alot of research on mobile
laminar airflow systems that are used for a small re-
gion in the operation room, such as the instrument
table. Lapit-Gortzak et al.>* investigated the anti-
infective effectiveness of mobile ultra-clean unidirec-
tional airflow in an intravitreal injection simulation
environment. The study revealed that the instrument
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table has a protection factor of up to 5 and the ocu-
lar surface has a protection factor of 2.64 (p < 0.05)
to 5 (p < 0.05), which is possible to eliminate respira-
tory infections during the intravitreal injection. Re-
ducing contamination efficiency in operating rooms
with vertical airflow system and mobile laminar air-
flow unit was studied by Casagrande et al. >>. The re-
ports emphasize the significance and relevance of as-
sessing the relationship between the mobile laminar
airflow unit and the operating room’s installed lam-
inar airflow system. The indiscriminate application
of mobile laminar units can pose several dangers, di-

minishing the areds sterility. Sadrizadeh et al. °

con-
cluded that if the primary operating room ventilation
system is unable to minimize the degree of microbi-
ological contamination to an acceptable level for or-
thopedic implant surgery, the MLAF screen unit may
be a viable solution. Moreover, CFD is used in the
research of aerodynamic characteristics and the opti-
mization of industrial equipment including centrifu-
gal air blowers. Zhou et al.?’ optimized centrifu-
gal fan blade design using the Hicks-Hence function
and a multi-objective genetic algorithm. Ye et al.?®
investigated the performance and flow behaviors of
the multi-blade centrifugal fan by the CFD method.
Many numerical studies have been performed on the
applicability of fixed and mobile laminar airflow sys-
tems in hospitals, as well as the aerodynamic charac-
teristics of centrifugal fans, but they are independent
and have no effect on each other. A new portable lam-
inar airflow system design with a centrifugal fan as
the primary component has been developed. There-
fore the laminar airflow unit and the centrifugal fan
are inextricably tangled up. The performance of the
centrifugal fan influences the efficiency of the airflow
system. To assess this design, research must be con-
ducted to evaluate both the aerodynamic characteris-
tics of the centrifugal fan and its influence on the per-
formance of the portable laminar airflow system in the
hospital operating room.

In this paper, the numerical study is carried out to an-
alyze the new design of a useful, efficient, and low-cost
portable laminar airflow system, the primary com-
ponent of which is a forward-curved centrifugal fan.
Therefore, the model of the centrifugal fan and airflow
system was created, and CFD simulation was used to
investigate the aerodynamic characteristics of the cen-
trifugal fan, as well as the corresponding influence of
the airflow unit on the ventilated area in the hospital

operating room.
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METHODOLOGY

Portable laminar airflow system design

The model of the laminar airflow system is con-
structed by using computer-aided design (CAD) soft-
ware, represent all important features of a real system.
This consists of a blower, filter, UVC lamp, high effi-
ciency particulate air (HEPA) filter, and instrument
table. This study concentrates on evaluating airflow
through the system therefore many solid parts that
do not affect the calculation are ignored to simplify
the computational process. Figure 1 shows the instru-
ment table with sizes of 500 mm x 1000 mm. The air
filter G4 dimensions are 289 mm x 594 mm Xx 46
mm for removing the airborne particles > 10 microm-
eters (um) in diameter. The centrifugal blower 3500
rpm offers 620 m3/h and static pressure 500.0 Pascal
(Pa). The HEPA filter H14 dimensions are 610 mm
x 305 mm x 149 mm. This HEPA filter removes at
least 99.995% of airborne particles 0.3 pm in diameter.
The minimal resistance of the filter to airflow (pres-
sure drop) is specified around 300 Pa (0.044 psi) at its
nominal volumetric flow rate.

Instrument table

Figure 1: The model device with main components.

In Figure 2, a brief 3D model of the portable laminar
airflow system for numerical calculation and space
equivalently sized of the instrument table have been
established to analyze the effects of the system on the
air area around the table and the difference between
this air area and the air area in the room.

Air blower design

Centrifugal blowers are widely used in all kinds of en-
gineering applications such as ventilation, processes
of air supply, consumer electronics...because of their
large mass flow rate and compactness. In this study,
a 3D centrifugal blower model was developed using
numerical methods for the inspection of flow condi-
tions. The three-dimensional centrifugal fan was first

Figure 2: The 3-dimensional model of system.

generated by CAD software, which represents all im-
portant features of a real system. The main compo-
nents of the blower are the impeller, inlet, outlet, and
volute. This study concentrates on evaluating the air-
flow of the blower, therefore many solid parts that do
not affect the calculation are ignored to simplify the
computational process. The impeller blades are thin,
have the same thickness and each profile is a simple
arc curve. These important parameters determine the
quality of the air blower’s internal flow field.

The blade profile varies of impeller could be deter-
mined using the tangent circular arc method. The
equation of calculating blade profile is written as:

RS — R}

P= 2(Rycos By —RjcosBy) W

where R, and R; are the impeller outer and inner ra-
dius, respectively. Likewise, B, and | are the blade
outlet and inlet angle, respectively. Figures 3 and 4,
and Table 1 show the 3D geometry of the centrifugal
fan, impeller, and data of the fan, respectively.

Figure 3: Basic structure of centrifugal fan model.

Numerical approach

The simulation was performed with ANSYS Fluent
2020 software. The Standard perturbation chamber
with an inlet particle flow rate of 0.18 kg/s. The air
passing through the Porous area (which is the space
of the HEPA filter) with the laminar type airflow, has
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Table 1: Basic parameter of the fan

Fan structure Dimension
Number of blades 30
Impeller length (mm) 100
Impeller outer radius, R2 (mm) 62
Impeller inner radius, R1 (mm) 50
Blade thickness (mm) 1.2
Blade inlet angle, 1 (?) 90
Blade outlet angle, 2 (?) 153
Volute width (mm) 105
Speed of fan (rpm) 3500
(1
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tion, which is repeated 1000 times to achieve statis-
tically reliable results. ANSYS Fluent 2020 was also
used to solve the airflow of the blower. The multi-
reference frame (MRF) model was selected to define
the relative motion between stationary and rotating
parts of the blower. The impeller fluid domain was
set as the rotation area with the rotating frame of ref-
erence. Meanwhile, the other domains were set as a
stationary area in the inertial frame of reference. To
simulate the behavior of flow, a CFD solver is set up
to find the converged solution of the system of gov-
erning equations such as the continuity, momentum
equations Reynolds averaged Navier-Stokes equations

for compressible flow at constant temperature.
ap I ,_
L+ 2 (pa)=0 2
o T o PE) @

Si4

and the viscous stress tensor is

Gij~ 20 (3, - %%&O

The reliable k-€ module was used. According to Yoon
and Shih et al. *°, this module is widely used for cal-
culating turbulent flow by solving two transport equa-
tions: kinetic energy equation (k) and turbulent dissi-
pation equation (€). The k-€ model can be realized as
it satisfies many of the mathematical constraints ap-
plied Reynolds stress. Realization helps to come up
with a realistic solution to rotational motion and pres-
sure gradients problems. It helps to achieve better re-
sults in solving turbulence problems inside the cen-
trifugal fan. It offers a good compromise between nu-
merical effort and computational accuracy which is
very useful in the study and industrial applications.
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The kinetic energy equation (k) is described as:

d(pk) o ‘
ot + c’)ixj (pkuj)

_9 ) 9% (5)
T dx [(M+ °'k> 3"1}

+P.+P,—p—Yyu+Si

The turbulent dissipation equation (€) is written as:
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+ =5— | pou;

ot ox;
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where:
Ci = max [0.43; 75 |
n:S@;

0
S=\ /ZS,'iji;
u;j: Velocity component in the corresponding direc-
tion
u;: Eddy viscosity, u; = pCyy e.
0
Cy=0.09 o =1;

65:1.3;c1~:1.44;

The fluid domain is decomposed into a finite set
of control volumes. The conservation equations for
mass, momentum, energy, species are solved on this
set of finite volumes. The governing equations of the
flow of a Newtonian fluid are continuity equation,
momentum equations, energy equation, and equation
of state. These continuous partial differential equa-
tions are discretized into a system of linear algebraic
equations which can be solved by ANSYS software.
The discretized solutions for a CFD problem veloc-
ity, pressure, temperature, volume fraction, etc., are
distributed on the model.

After modeling the system, the meshing was carried
out. Four fluid domains were discretized: impeller
fluid domain, volute fluid domain, inlet, and outlet
fluid domain. The second-order upwind difference
scheme is used for the spatial discretization of the
convection terms. The pressure-velocity coupling is
deal with a SIMPLE algorithm. After generation, the
mesh was carried out in Figure 5. There are 4264

nodes and 3632 elements in the computational model.

0.000 Q050
005 0.075

0100 (m)

Figure 5: Meshed centrifugal fan.

RESULTS AND DISCUSSION

Figure 6 visualizes the distribution of pressure dis-
tributions inside the laminar airflow system. From
the center to the housing, the pressure field increases
in magnitude. The highest pressure value located at
the outflow of the laminar airflow system air stream
is 218.4 Pa.
pathogens in the afflicted region. The lowest pressure

It requires greater pressure to repel

value located at the center of the mobile laminar air-
flow system is 131.5 Pa.

=y § o S
———— T
e o

Figure 6: The pressure distribution inside the sys-
tem.

Figure 7 visualizes the velocity distribution on 04 ver-
tical planes with distances to the HEPA are 100.0 mm,
400.0 mm, 700.0 mm, and 1,000.0 mm, respectively.

SI5



Science & Technology Development Journal - Engineering and Technology, 4(512):511-SI111

The downward airflow from the laminar airflow sys-
tem is impaired. As one moves away from the air
entrance, the velocity of the airflow decreases. The
zone of space with high gas velocities and pressure
steadily lessens as one moves away from the mobile
laminar airflow system. The high-velocity field is ex-
tensively spread over the affected region at a distance
of 100mm from the HEPA filter, reaching its maxi-
mum value sin space near the system outlet. The high-
est velocity value has dropped at a distance of 400 mm
from the HEPA, the high-velocity field is smaller than
previously, and there are indicators that the air from
the airflow system is dispersing more broadly around.
This is the same at 700 mm from the HEPA filter. The
high-velocity zone continues to narrow, and the air
becomes more widely spread. The high-velocity field
of the air narrows to a small region at a distance of
1000 mm from the system, while continuing to scat-
ter more broadly surrounding. As a result, this mobile
laminar airflow system will be appropriate for estab-
lishing clean air zones for an instrument table with a
length of 1000 mm or fewer.

Figure 8 visualizes the velocity distribution in vector
at the horizontal middle plane. The characteristics of
the gas flow are particularly obvious when viewed in
cross-section. The system outlet site has the highest
air velocity. The velocity of the air stream tends to
decrease as it moves away. The velocity of the air-
flow directly in front of the outlet is always the greatest
and diminishes to the sides. The difference in veloc-
ity and pressure of the airflow is a fundamental factor
that impacts the ability to create a clean air region for
medical instruments on the table, particularly in the
operating room. Pathogens in the air tends to flow
from the high-pressure area to the low-pressure area,
where they are eliminated by the room filtration sys-
tem. Infectious organisms in the surrounding air are
unable to reach the high-pressure region formed by
the mobile laminar airflow system. This will aid in the
sterilization of the tools, assuring patient safety. Fig-
ure 9 depicts the static pressure and velocity contours
of an air blower as the impeller rotates at 3500 rev-
olutions per minute. It was discovered that the low-
velocity zones are flowing away from the fan center,
while the high flow velocity is clearly near the impeller
outlet, which is produced by the volute’s asymmetry.
At the center of the volute, the airflow velocity may
reach a maximum of 54.96 m/s. The airstream enters
the impeller axially and flows out due to centrifugal
force. Furthermore, the pressure value increases from
the inlet to the outlet of the centrifugal fan, reaching
a maximum of 230.4 Pa at the fan wall.

Slé

The flow rate and total pressures are 2.4259 kg/s and
1365.5 Pa, respectively while the fan operates at 3500
revs/min. To gain a more in-depth assessment of
the aerodynamic characteristics, particularly how a
change in intake flow influences fan total pressure,
this study investigated the correlation of inlet mass
flow rate with the fan total pressure, as shown in Fig-
ure 10. As the results show, there is no doubt that a
higher inlet flow rate results in a higher total pressure
value. These two quantities have an almost propor-
tional relationship. This is a logical result since a high
input flow, which corresponds to a stronger fan suc-
tion, will increase in pressure parameters in the fan.
To investigate the aerodynamic characteristics of this
forward-curved centrifugal fan in greater depth, the
mass flow rate behavior of the fan illustrated in Fig-
ure 11 at three different rotational speeds for 5 sec-
onds is the objective of this investigation. As can be
seen from the results, there is no doubt that a greater
speed means greater suction, resulting in a larger in-
flow of air. The inlet mass flows of the blower approx-
imately 2.67, 2.43, and 2.32 kg/s corresponding to the
rotational speed of 3700, 3500, and 3400 revs/min.
The mass flow rate line demonstrates consistency at
each speed value.

Figure 12 compares the max total pressure values in
five seconds of the fan at three different rotational
speeds. The graph shows that a larger rotational speed
will result in a larger max total pressure value. When
operating at speeds of 3700, 3500, and 3400 revs/min,
the centrifugal maximum total pressure values are ap-
proximately 1723.8 Pa, 1365.5 Pa, and 1308.8 Pa, re-
spectively. There are three stages to pressure devel-
opment through a centrifugal fan impeller. At the
first stage, the airflow is straight to the surface of the
blades. The impellers split the air into small volumes.
Here the accumulation of air mass occurs, that is the
compression of the air mass of small volume. At the
second stage, the air pressure is pumped inside the
working chamber. The relative velocity reduces as the
air flows through the blade passage, leading to an ad-
ditional increase in static pressure and dynamic pres-
sure at the impeller outlet. At the final stage, the com-
pressed air is discharged from the working chamber to
the outlet. As the air moves radially through the im-
peller, the absolute velocity of the flow will increase,
with the maximum absolute velocity at the impeller
outlet. This increase in the absolute velocity of the
air leads to an increase in the kinetic energy and dy-
namic pressure across the impeller. This three stages
process creates a repetitive up and down movement in
the max total pressure and mass flow rate diagrams in
Figure 11 and Figure 12.
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Figure 7: The velocity distribution on 4 planes with distances to the HEPA are 100.0 mm, 400.0 mm, 700.0 mm,

and 1,000.0 mm, respectively.
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Figure 8: The velocity distribution in vector at the middle plane.

Figure 9: Pressure contour and velocity contour of fan at the speed of 3500 revs/min.

CONCLUSIONS

With the view towards the realization of a portable
laminar airflow system to reduce the airborne
pathogen dispersion, a novel device was proposed
and designed. The computational fluid dynamics
method was used to simulate the airflow with pres-
sure and velocity distribution in the laminar airflow
system. The results show that this portable laminar
airflow system has created a large pressure space,
thus creating a clean air area for the instrument
table, thereby repelling infectious bacteria present
in the operating room air from the ventilated area.
The centrifugal blower has been modeled, meshed,

SI8

and analyzed to study the characteristics of the
flow field such as pressure and velocity distribution.
Moreover, by changing the input parameter, the
effect of different inlet flow rates on the performance
of a centrifugal fan such as total pressure was studied
by CFD simulations. The numerical results show
that the inlet mass flow rate has a great influence
on the performance of the fan. The total pressure
maintained inside the blower increase as the flow
rate gets larger. The figures obtained from numerical
results give the potential to upgrade and optimize the
new design of the portable laminar airflow system
in further studies. With the development of the
computational method, the flow patterns of air inside
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Figure 10: Relationship between Mass Flow Rate
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Figure 11: Mass flow rate of the fan at three differ-
ent rotational velocity in 5 seconds.
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Figure 12: Max total pressure of the fan at three dif-
ferent rotational velocity in 5 seconds.

the blower are analyzed, which will help in a better
understanding of the flow behavior of the centrifugal
fan. Therefore, the number of experiments also
reduced. It will help to reduce cost and lead time for
any new design air blower and laminar airflow unit
studies. Through this research, the feasibility and the
effectiveness of the proposed device were confirmed
by the CFD simulation. With the results in this study,
the prototype device shall be fabricated and verified
by the experiments in further study.
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TOM TAT

Ngay nay, cac bénh nhiém tring gay ra ti lé t& vong cho bénh nhan cao va thai gian ndm vién dai
trong cac bénh vién va cac co s& diéu tri lam sang. Biéu nay doi hoi chat lugng tét clia cac dich
vu cham soc suc khoe. Bai bao trinh bay mét nghién ciu vé viéc hoan thién mét hé théng ludng
khong khi di dong dé ngan ngtia su 6 nhiém clia cac mam bénh bang cach bao vé viung danh
cho phau thuat cling nhu ban dung cu véi chi phi thdp nhat co thé. Hé théng ludng khéng khi di
dong va quat ly tam dugc mé hinh hoa bang cach st dung phan mém thiét ké co su hd trg cla
may tinh (CAD). Hé thong nay bao gdm mot quat gio, dén UVC, bo loc tiéu chuén, bo loc khéng
khi hiéu qua cao (HEPA) va ban thiét bi. Thiét bi dé xuat sau dé ducc kiém ching thong qua mo
phéng s6. Phuong phap tinh toan déng luc hoc chat luu (CFD) dugc st dung dé téi uu hoa thiét
ké hé théng bang cach kiém tra va danh gia két qua cing nhu tinh toan déc tinh khi déng hoc clia
hé théng quat gi6 ly tam. Do d6, cac diéu kién khir khudn cé thé dugc tao ra ngay tic thi va & bat
ky dau bang cach st dung hé théng ludng khong khi dugc dé xudt trong nghién clu nay. Thiét
bi khir trung luéng khéng khi phan 16p cdi tién co thé dat dugc cdp do an toan sinh hoc Il cuc bo
trong mot khu vuc cu thé nhu phong céach ly, phong ngl ctia bénh nhan hodc phong phau thuat.
Sau khi mé hinh hoa hé théng, ching ta tién hanh chia lugi min cho quat ly tam dé dam bao do
chinh xac ctia m6é phong s6. Co 4 mién riéng biét dugc chia ludi trong quat ly tdm gém mién luu
chat quanh canh quat, mién luu chat dé hda hai, mién luu chat dau vao va dau ra. Luu lugng dong
khong khi vao anh hudng I6n dén hiéu sudt clia quat ly tam. Két qua moé phong sé cho thdy dp
sudt téng duy tri bén trong quat gié tang lén khi téc do dong luu chat 16n. Két qua nghién cuu
cung cap co s& khoa hoc dé t8i uu hoa thiét ké hé théng ludng khong khi cho khu viue phdu thuat
trong tuong lai.

Tukhoa: Tinh toan dong luc hoc chat luu, Quat ly tam, Hé théng lubng khéng khi, Khi déng luc hoc
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