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Abstract. COVID-19 caused by severe acute respiratory syndrome (SARS) has accounted for huge collateral
damage and as the virus is spreading faster and faster this study deals with isolation rooms or negative pressure
rooms with 12 or more air changes per hour and maintaining a pressure difference of 2.5 pa which can help in
reducing the transmission of the virus from affected to not affected persons. ANSI/ASHRAE/ASHE Standard
170–2008 recommendations are followed for hospital applications, to facilitate effective ventilation. These
negative pressure rooms prevent the spread of the contaminated particles to the surroundings and by creating a
negative pressure in the roomwhenever the door is opened the atmospheric air is sucked in and not the one which
is present inside the room. The Computational fluid dynamics simulations are performed to investigate the
diffusion of airbone virus inside a negative pressure room with mixed mode ventilation system. It was identified
that the mixed mode ventilation system is more effective in controlling the spread of virus droplets inside the room
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1 Introduction

Many hospitals use Isolation rooms for treating patients
suffering from various diseases like TB, SARS, and the
current COVID-19. When an infected person sneezes or
coughs all those tiny particles are spread across the
surroundings and when these particles are inhaled by the
other person, he might be infected. All these rooms are
negative pressure rooms such that those tiny particles
don’t spread across those rooms to the surroundings and
are moved out of exhaust through HEPA filters. Compu-
tational fluid dynamics (CFD) plays an important role in
designing these kinds of rooms by using different boundary
conditions and choosing the different locations of the vents
for getting accurate results. The current scenario suggests
that COVID-19 spreads rapidly from person to person
through direct or indirect contact with contaminated
surfaces. we need to maintain social distancing to avoid the
spread. Usually, people who are in close contact i.e. within
a 1.5-m range with an infected person can catch the
COVID-19 when the droplets get into the mouth or nose.
The important measures and precautions to be taken by
wearing theMask, cleaning hands frequently. As there is an
aerosol transmission the person who treats the covid
patients (health care workers) must be taking at most care
and by this research, we hope that we can bring a small
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change in the negative pressure room to avoid the spread of
the particles into the room. To this, we have designed a
negative pressure room such that the air entered the room
directly reaches the patient and leaves through an exhaust
duct placed behind the patient. As we all know air
naturally flows from a high-pressure area to low-pressure
areas by apply and directly hits the patient’s chest and then
leave through the exhaust by collecting the contaminated
particles without spreading into the room and then the
exhaust air is sent through the HEPA filters into the
atmosphere so, that nearly 96% of the particles are
trapped. This mixed-mode ventilation is very helpful for
the health care workers and this model is very flexible as it
does not require much electricity the natural vent is placed
in the wind direction and when the natural ventilation is
not available then the size and number of exhaust fans can
be increased to ensure the required ventilation rate and this
should be checked before fixing the setup, however, this
mixed-mode ventilation setup should be used with care and
monitoring should be done at regular intervals to maintain
the air quality. The problem is solved using Ansys Fluent
19.0 software and the governing equations are solved by
using finite volume method. The pressure velocity
decoupling is avoided using simple algorithm and the
turbulence is modelled using K-epsilon turbulence model
and the geometry is meshed using tetrahedral mesh. The
flow of fluid is transient and the problem is investigated by
analyzing the contours of pressure, wall shear, particle
residence time.
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Alhamid et al. [1] found that quality of air and
preventing the entry of pathogens and bacteria should be
considered while designing a negative pressure isolation
room. Here air filter plays a key role in the room. The
existing design of FlowVent 8.2 is used in the airflow
modeling, the new design of the vent is compared with the
existing design and they observed that the velocity of
airflow in the existing model is very high and it didn’t meet
the required standards. The new design is observed to be
compatible and it has met the standards and the flow is
observed to be laminar. Weihong Guo et al. [2] identified
that natural ventilation is very important in terms of
conservation of energy and explained how important is
CFD in the simulation of wind with different designs and
mathematical equations that help the architectures to
review their designs accurately, in the paper they showed
the methodology and optimization of the natural ventila-
tion in a building using the CFD by considering three
aspects like Building Shape, building envelope and site
planning. Shelly et al. [3] have created and negative
pressure isolation ward with 30 bed capacity with varying
ventilation system and it has been very effective during an
outbreak of the virus. The flow has been character-
izedthroughout the room the pressure difference is
observed constantly in a different location inside the ward.
They have observed that the room is sightly becoming
neutral or positively pressurized when the staff enters the
room, this design has become effective in increasing the
capacity in the hospital.

Prasad Mahajan et al. [4] described the importance and
use of the negative pressure room and how CFD is used to
simulate the flow inside a room. The isolation room is
designed in solid works software and simulated using
ANSYS fluent with Finite volume approach with blocking
methodology using ICEM CFD. The analysis is done in a
steady-state and results are observed around the patient by
plotting the contours of pressure, velocity, and tempera-
ture. Tsao et al. [5] explained the location and size of
doorway sizesare very important when compared to the air
duct and exhaust air outlet. This analysis is done
withdifferent room sizes and with different air changes
per hour (ACH). It is observed that by increasing the
doorway size the negative pressure decreases and may even
decrease to zero when it is too large. Different sizes of the
doorway and the ACH are clearly tabulated for the future
use of the negative pressure room. Jinkyun Cho [6]
explained the airflow path and airborne pollutant distri-
bution has been examined by computational fluid dynam-
ics modeling. The spread of the airborne contamination
was analyzed in three different locations of the supply air
diffuser and exhaust air diffuser in the Negative Pressure
rooms and the results show that the ventilation system
located in the low level is highly effective in removing
airborne pollutants in the Isolation room.

Jeng-Min [7] explained a flow model of incompressible
turbulent flow including buoyancy effect is used to study
controlling the concentration of pollutants in isolated
rooms to prevent airborne infection by changing the
locations of air inlet/outlet and air change rate. Results
Show that inlet placed above the foot end of bed and outlet
placed on side of the wall are found to be highly effective.
Cheong et al. [8] explained airflow and pollutant distribu-
tion patterns in an isolation room are studied by
usingcomputational fluid dynamics (CFD) modeling based
on three ventilation strategies. Each strategy uses different
locations of air outlets and results show that outlets in the
low-level locations had better pollutant removal efficiency.
Kao et al. [9] created a cough model was constructed and a
study is done on how virus diffusion and airflow behavior
occur for various ventilation arrangements in a negative
pressure room, also analysis was done on the region of
droplet fallout and the dilution time of virus diffusion of
coughed gas in the isolation. The results obtained states
that parallel directional airflow pattern is the most
effective means of controlling flows containing virus
droplets. Tang et al. [10] studied with different types of
doors used in negative pressure rooms and how they impact
airflow. There are also numerous experimental [11–13] and
analytical models [14–16] developed to estimate the mass
flow rates of bidirectional air exchanges in open enclosures
[17–20] and rooms. Different types of doors were used
namely Single hinged, Double hinged, Single slide, and
double slide doors where examined and the results show
that Double hinged doors have a high risk of leakage into or
out of the room and sliding doors have better efficiency in
maintaining the flow in required rate. The numerical model
is based on the Discreet phase. The particles are injected
from the mouth through surface type injection.
2 Numerical methodology

Computational Fluid Dynamics has been playing a key role
in the industries especially for the flow in and flow around a
solid. In CFD any simulation is done through the Reynolds
Averaged Navier Stokes equation which is mainly used for
the point correlation of the fluctuating velocities. A dual
intake of air is sent into the room the inlet and outlet
conditions are given to maintain a pressure difference of
2.5 Pa. The numerical model is based on the Discreet phase.
The particles are injected from the mouth through surface
type injection. The Governing equations used in this
analysis are momentum and continuity equations are used
as they follow the law of conservation. The estimated value
of uncertainty in the present numerical simulation is close
to 5%.

2.1 Geometrical considerations

For conducting an experiment on transient, pressure-based
simulation we have created a room by using solid works
with dimensions 20 ft� 9 ft� 9 ft where the entire room is
divided into two parts with two beds the entire geometry
has rectangular inlets and circular outlets each. The outlets
are placed on the wall just right above the patient’s head.
The exhaust is then connected to the HEPA filters to purify
the air. The inlet is a natural vent where it is placed in the
wind direction and the air is directed into the room at a 45°
angle such that it directly sweeps the patient chest.
Meshing and simulation are done in the Ansys Fluent R
19.0. In Table 1 we can see the dimensions of the room and
human body. The operating Boundary Conditions are set



Fig. 1. Isometric view of the model.

Fig. 2. Front view of the model.

Table 1. Dimensions of model.

S. no Part name X Direction
length in m

Y Direction
length in m

Z Direction
length in m

1 Room 6.096 2.7432 2.7432
2 Bed 1.2 0.8 1.8
3 Square legs (4) 0.1 0.1 0.4
4 Human body 1

Human body 2
0.18
0.25

1.5
2

0.7
1.2

5 Rectangular inlet vent 1 0.2 0.2
6 Circular outlet vent of Día 0.8m 1.2 1.9 0.8

Table 2. Mesh details.

Nodes Elements

284966 1390748

Fig. 3. Meshed model.
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as a velocity inlet and pressure outlet with the Discrete
Phase model where the particle injection is done. The walls
are defined as a no-slip boundary condition. By creating a
negative pressure inside a room where the cough droplets
are directed towards the outlet without spreading into
theroom. Figures 1 and 2 shows the different views of the
geometric model.
2.2 Meshing

For meshing the room ANSYS Workbench is used. The
solver preference is selected as Fluent and the edge sizing is
used separately for the room and the Patients bed, the
element size is set to 0.01m for the patient’s bed and 0.1m
for the room. The element quality 0.99 and the skewness is
0.855. In Table 2 we can see the total number of nodes and
elements and clear picture of the meshed model in Figure 3.
3 Analysis

After the meshing, FLUENT is used for carrying out the
analysis. The pressure-based solver is used under the



Fig. 4. Flow inside the room due to human emitted particles and airflow.
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transient state is applied. The Energy equation is
ignored as the air inlet is entered at room temperature.
Gravity is set to 9.81m/s. The K-epsilon Turbulence
model is used and the particle injection is done through
the Discrete Phase Model and the Injection is type is
given as a surface type of injection. Injection material is
Water-liquid is used. In the turbulent dispersion type
while setting the particle injection Discrete random walk
model is used as the fluctuating velocity components are
piecewise constant functions of time. The Boundary
Conditions were given as Velocity inlet and Pressure
outlet. The velocity of the inlet is taken as 3.8m/s. The
Turbulence is given as a default value for the Turbulent
Intensity and Viscosity ratio. The Human outlet is
designed at a thirty-degree angle to the velocity inlet
which is of velocity 10m/s.

Normally Discrete Phase Model (DPM) is used to
study the behavior of particles from different types of
views like the Lagrangian view and in a discrete
perspective. The Injection of the particles is done in the
discrete state and the setup in the DPM is set with a
particle diameter of 3.1e-07m and with an average human
cough velocity of 10m/s and the particles are tracked with
the fluid flow time step which enables the use of fluid time
steps to inject the particles here the end time is taken as
4 s. The Total flow rate comes out to be 9.9e-12 kg/s by
calculating.

The DPM setup is set as Unsteady particle tracking
with the particle time step size as 0.01 sec and Tracking
parameters are left as default.
4 Results and discussions

The analysis is done in a negative pressure room
considering the dimensions of two different human bodies.
The flow patterns inside the room are investigated by
plotting the streamlines. Figure 4 shows the particle
distribution and air flow patterns inside the room. The
recirculation patterns indicates that the diffusion of virus
droplets into the surrounding ambient air. Figure 5 shows
the pressure distribution of smaller dimension body.
Figure 6 shows the walls shear contours in the dual
chamber enclosure and it observed that the particle shear
stress increases with increase in air flow rates. Figure 7a
and b shows the motion of particles towards the circular
exhaust opening and it is observed that the negative
pressure room is effective in controlling the diffusion and
spreading rate of virus droplets. Figures 8 and 9 shows the
pressure and wall shear contours of the larger body
dimensions. The results are observed to be effective in a
negative pressure room sincethe particles are united and
directed towards the outlet without spreading into the
room in both the bodies of different dimensions and there is
no much difference in the flow patterns. With the help of
CFD Simulation we get accurate results. The velocity and
pressure contours areconverging. The flow rate inside the
room i.e., recirculation is very less inside the room and
monitoring of temperature, pressure and flow rate is done
by placing the sensors at different locations and this mixed-
mode ventilation is very effective in controlling the virus
spreading rate.



Fig. 6. Wall Shear contour_Human_Body_1.

Fig. 5. Pressure contour_Human_Body_1.
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Fig. 7. (a) Particles directed towards the exhaust. (b) Particles directed towards the exhaust.
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Fig. 8. Pressure contour _Human_Body_2.

Fig. 9. Wall Shear contour_Human_Body_2.
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5 Conclusions

The virus diffusion characteristics in a negative pressure
room are numerically analyzed by varying mixed mode
ventilation flow rates inside a closed enclosure. The
discrete particle simulation is performed to track the
motion and diffusion of virus droplets and investigation is
performed by analyzing the streamlines and pressure
contours. The recirculation patterns indicates that the
diffusion of virus droplets into the surrounding ambient
air. The pressure distribution contours indicated an
increased pressure near the circular vents. It was found
from the walls shear contours that the particle shear stress
increases with increase in air flow rates. The motion of
particles towards the circular exhaust opening is observed
and it was identified that the negative pressure room is
effective in controlling the diffusion and spreading rate of
virus droplets. The results from the present study will be
useful in controlling the virus diffusion in a closed
environment.
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