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ABSTRACT 
Isolation rooms are used in many hospitals for patients which are highly contagious. Important 
feature of these rooms is that they are maintained at negative pressure which helps to contain the 
contaminants in the room so that they do not spread outside the room. Computational Fluid 
Dynamics is a technique which is used to predict indoor environment of a ventilated room and overall 
ventilation of air distribution systems. A three dimensional model of an isolation room of size 4*4*2.5 
m

3
 is modelled in SolidWorks software. The room comprises of stationary man and patient. The 

isolation room is discretized hexahedrally using finite volume approach with blocking methodology 
using ANSYS ICEM CFD tool. The discretized flow physics which is based on conservation 
equations like continuity, momentum, energy, turbulence is simulated using ANSYS FLUENT. The 
flow physics of airflow is simulated around the stationary man and the patient using steady state 
simulation. The velocity, pressure and temperature behaviour around the man and patient are 
observed by plotting contours. Steady state results around stationary human being are obtained and 
analysed. 
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1.INTRODUCTION 
 
Isolation rooms are used in hospitals for treating patients suffering from diseases like tuberculosis 
and severe acute respiratory syndrome. TB infection and disease are caused by the bacterium, 
Mycobacterium Tuberculosis (M.tb). If a person with TB disease releases tiny particles of M.tb and 
the air containing these particles is inhaled by another person, TB infection may result. To reduce the 
risk of M.tb transmission in an isolation room proper ventilation is essential. Suitable control of 
internal pressure and airflow direction within isolation rooms can effectively isolate infected patients 
and inhibit the spread of air and bacteria. The quality of overall hospital environment relies on air 
conditioning design such as control of temperature, pressure, velocity and indoor air quality. These 
variables are analysed using Computational Fluid Dynamics Technique. CFD plays an important role 
in regulating the indoor air parameters to predict the ventilation performance in buildings. Airflow, 
Contaminant Dispersion and Temperature Distribution are the parameters which are crucial for 
designing a comfortable indoor environment. Many studies have been done on indoor air movement 
till now.  
 

Shih Y.C. et al. [1] studied the dynamic airflow simulation within an isolation room. They 
analysed the effects of moving person on indoor air distribution including velocity, pressure and 
contaminant fields. CFD simulation involved use of dynamic meshing and transient setup. K-e 
turbulence model and CO2 as contaminant source was adopted in the simulation. Simulation was 
performed using Ansys Fluent numerical model is based upon finite volume. Gan G et al. [2] 
describes the CFD technique to predict indoor environment of a ventilated room and effectiveness of 
air distribution systems. The four important parameters that affect an indoor environment like air flow 
behaviour, thermal comfort, air quality and energy use were analysed for designing room air 
distribution systems. Heat transfer phenomena like conduction, convection and radiation were 
included in the simulation. In this paper nearly seven simulations were performed for predicting air 
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movement and distributions of temperature, comfort level and contaminant (CO2) concentration in the 
office. Cheong K.W.D et al. [3] analysed the airflow and pollutant distribution patterns in a “negative 
pressure” isolation room by means of CFD modelling based on three ventilation strategies. In all the 
three ventilation strategies the locations of supply diffusers and extract grilles were changed and 
numerical simulations performed on these strategies were compared. The aim was to detect which 
strategy is better for pollutant removal. It was found that Ventilation Strategy 3 is best with pollution 
removal efficiency values exceeding 1 and it has lowest exposure level at the three locations. 
Jennifer Richmond J et al. [4] examined the characteristics of spatial velocity and concentration 
profiles in an isolation room. Three types of boundaries were used in the simulation. Boundary 
conditions for velocity inlet were used for simulating air movement under the door crack, the 
ventilation inlet and the patient’s mouth. To compute concentration, the room was subdivided into 
45,540 cubes. Number concentration was computed with a FORTRAN95 code that received input 
from particle trajectory files generated during FLUENT Simulation. Gao C et al. [5] analysed the 
cooling performance and energy efficiency for a data center. In a data center air is supplied with the 
help of raised floor. CFD simulations were performed in a data center and the four cases were 
compared for cooling effectiveness. 1,989,121 cells generated during discretization. Chafi F.Z et al. 
[6] evaluated the temperature profiles and air flow movement in a model room with a numerical 
model based on Euler equations. Here two cases were simulated. Case 1 consists of ventilation for 
winter time and case 2 consists of air conditioning for summer time. Modelling is based on Euler and 
Reynolds Averaged Navier Stokes Equation. For the two models, the coupling between conservation 
equations is ensured by the term of Archimedes represented by the approximation of Boussinesq. It 
is found that with the Euler approach simulation time is reduced compared to that of RANS approach.  
Posner J.D  et al. [7] performed numerical simulations using CFD technique and compared the 
results with Laser Doppler Anemometry (LDA) and Particle Image Velocimetry (PIV) measurements 
of air flow in a model room. The aim of this study was to evaluate the effectiveness with which CFD 
can capture flow details near flow obstructions which will help to determine the usefulness of CFD as 
a ventilation design tool. Three different flow models for fluid flow in the room were used. They are 
laminar flow, turbulent flow using standard k-epsilon and RNG k-epsilon turbulence models. Xu W et 
al. [8] proposed a two layer turbulence model for simulating buoyancy induced air flows. By using 
Direct Numerical Simulation (DNS) data a one equation near wall model is developed by studying 
thoroughly turbulent kinetic energy equation. This near wall model was used to calculate four natural 
convection flows and the results obtained were compared with DNS or experimental data. Son H. H 
et al. [9] simulated the steady state and mass transfer of a hospital operating room by employing 
CFD technique. Airflow velocity distributions, temperature, relative humidity, and contaminant 
concentration are presented and discussed. Due to the symmetry of operating room only half of the 
room is modelled as a three dimensional box. One of the boundary conditions is unknown and it is to 
be solved as a part of the solution of the flow over a whole domain. Lam C.J et al. [10] performed 
CFD analysis for energy simulation of a gymnasium. Velocity and temperature distributions of an 
indoor gymnasium were analysed for four different exhaust positions. CFD program was used for 
simulation and the simulated output was transferred to an energy building simulation software to 
investigate the cooling loads and energy consumption. In this paper, CFD technique was used to 
simulate the carbon dioxide (CO2) concentration field and air exchange rate in variation of the inlet 
velocity of outdoor environment and opening angle.  

 
Motivated by the work mentioned above the objective of this paper is to study temperature, 

velocity and pressure field around stationary human being and patient using CFD Technique under 
steady state assumptions. 

 

2.NUMERICAL METHODOLOGY 
 
  In this study, Ansys Fluent [11] is utilized to simulate flow physics of airflow, and the 
numerical model is based upon the finite volume method. The equations which govern the flow 
physics include contiuity, momentum, energy and they obey the principle of conservation and they 
are as follows: 
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1) Continuity equation:     

     

2) Momentum equations: 
X component: 

 
Y component: 

 
Z component: 

 
 
 
 

3) Energy equation: 
 

(e+V
2
∕2)= 

q+

 
In the above equations, there is linking between pressure and velocity. To solve these equations 
semi-implicit method for pressure linked equations- consistent (SIMPLEC) algorithm is employed. 
Effect of airflow turbulence was observed by adopting realizable k-epsilon turbulence model. When 
you are using FLUENT, the code is finding solution such that mass, momentum, energy and other 
relevant quantities are being conserved for each cell. Also the code directly solves for values of flow 
variables at the cell centers while the values at other locations are obtained by suitable interpolation 
 

3.TYPICAL ISOLATION ROOM MODEL 
 
The geometry of isolation room was taken from an existing literature and a three dimensional model 
of size 4*4*2.5 m

3
 was modelled using solidworks software. The isolation room consists of patient 

and stationary human being. It has air supply and air exhaust units. The geometry and dimensions of 
isolation room are shown below. 
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Fig. 1: Geometry of isolation room with stationary man and patient. 
 
 
 
 
 
 
 
 
 

Table 1: Dimensions of an isolation room 

Name X-
directio
n 
Length 
(m) 

Z-
direction 
Width 
(m) 

Y-
direction 
Height 
(m) 

Room 4 4 2.5 

Bed 0.9 2 0.2 

Bed-leg 1 0.1 0.1 0.85 

Bed-leg 2 0.1 0.1 0.85 

Bed-leg 3 0.1 0.1 0.85 

Bed-leg 4 0.1 0.1 0.85 

Air supply 0.8 0 0.2 

Air outlet 0.8 0 0.2 

Door 0.8 0 1.8 

 
Table 2: Dimensions of patient 

Name X-direction 
Height (m) 

Z-direction 
Length 
(m) 

Y-
direction 
Width (m) 

Body 0.692 0.3 0.2 

Head 0.3114 0.16 0.16 

Mouth 0.07 0.08 0 

Left Hand 0.592 0.1 0.1 

Right 
Hand 

0.592 0.1 0.1 

Left Leg 0.7266 0.1 0.1 

Right Leg 0.7266 0.1 0.1 

 
Table 3: Dimensions of standing person 

Name  X-direction 
Length (m) 

Z-direction 
Width (m) 

Y-
direction 
Height (m) 

Body 0.3 0.2 0.675 

Head 0.15 0.2 0.305 
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Left hand 0.1 0.2 0.575 

Right 
hand  

0.1 0.2 0.575 

Left Leg 0.1 0.2 0.75 

Right Leg 0.1 0.2 0.75 

 
 
 

4.NUMERICAL SIMULATION  
 
The above geometry is discretized hexahedrally with blocking methodology using Ansys ICEM CFD 
tool. The number of hexahedral cells are 73953. The walls of the room are discretized using 
quadrilateral (quad) elements. There are about 15304 quad elements. Various zones are named in 
ANSYS ICEM CFD Tool such as air supply, door, standing man, patient, air outlet. Boundary 
conditions are imposed on these zones to get desired solution. The boundary conditions given are as 
follows: 
1) Temperature at air supply = 295.15 k 
2) Turbulence intensity at air supply = 20% 
3) Pressure inlet is applied at air supply 
4) Pressure outlet is applied at air outlet 
5) For negative internal pressure, 

Static pressure= -8 Pa at pressure outlet 
Turbulence intensity= 10% at pressure outlet 

6) No slip condition is applied to all solid surfaces. 
7) Boundary walls of the model room are assumed to be adiabatic.  
8) Patient body is used as a heat source releasing heat flux about 46.52 W/m

2
. 

9) Gases exhaled by the patient are composed of air and CO2 which are released from mouth with 
temperature of 310.15 K and turbulence intensity 3.6%. Hence pressure outlet is applied at 
mouth. 

10) Mass fraction of CO2 gas is 0.03861825. 
11) Stationary person is assumed to be adiabatic. 

 
After applying these boundary conditions, the case is simulated to observe velocity, temperature and 
pressure fields. The contaminant concentration near mouth zone is also observed. Multiphase model 
is selected due to presence of air and CO2. Volume fraction is selected under multiphase model. The 
convergence criteria requires that the summation of the residuals over all control volumes for energy, 
contaminant and other dependent variables reach10-

6
, 10-

3
 and 10-

3
 respectively. The contours of 

velocity, temperature, pressure and concentration fields are taken around the room by creating a 
plane in a 3D volume. Various contours obtained are shown below: 
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                                         Fig. 2: Contours of total temperature near patient and stationary man. 

 
 

 
 

Fig. 3: Contours of velocity magnitude near patient and stationary person. 
 
 
 

 
 

Fig. 4.  Contours of static pressure near patient and stationary person. 
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Fig. 5. Contours of CO2 concentration near mouth of patient. 

 
 

5.CONCLUSION 
 
In this study, CFD technique has been used to analyze steady state conditions of the room. By 
plotting contours of temperature, velocity, pressure and CO2 concentration various conclusions are 
made. By observing the contours of temperature, there is slight increase in temperature near the 
area of the patient. The velocity distributions is more near the walls of the room while it is uniform 
near the central area of the room. Pressure distribution is nearly uniform around the room but the 
value increases from what is provided in the pressure outlet. CO2 concentration is mainly distributed 
around area of the mouth and it is not widely spread over entire room. 
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