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CFD Simulation of Air Pollution Distribution and Its Effect on 
Patients in Hospital Operating Rooms

Abstract:

This paper uses the CFD technique to simulate the internal environment of a 
hospital operating room, including the surgical area that includes the patient 
and the surgical team.

Moreover, this work provides mathematical simulation of many models to 
be placed in the air entry and air exit areas in the operating room to obtain 
the optimal model of air distribution within the operating room. The results 
obtained matched well with experimental data from approved literature 
and standards. These results found that airflow and air velocity significantly 
affect the patient’s thermal comfort in the operating room.Besides, it is 
observed that some recirculation zone is formed, and this is a result of the 
heat generated by the surgical team and the accelerated air. This region is 
considered a source for the survival of the polluted air in the room.

Keywords: CFD, Operating room, Numerical analysis. 
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المحاكاة بتقنية )CFD( لتوزيع تلوث الهواء في غرفة العمليات 
بالمستشفى

الملخص:
ي�صتخ��دم ه��ذا البحث تقنية تدفق ال�صوائ��ل الديناميكية )CFD( لمحاكاة البيئ��ة الداخلية لغرفة عمليات 
م�صف��ى، بم��ا في ذل��ك المنطق��ة الجراحية التي ت�ص��م المري�ض والفري��ق الجراحي. علاوة على ذل��ك، يوفر هذا 
العم��ل مح��اكاه ريا�صي��ه للعديد من النم��اذج ليتم و�صعها في مناط��ق دخول وخروج اله��واء في غرفة العمليات 
للح�ص��ول عل��ى النموذج الاأمثل لتوزيع الهواء داخل غرفة العملي��ات. النتائج التي تم الح�صول عليها تتطابق 
ب�ص��كل جيد مع البيان��ات التجريبية من الدرا�ص��ات ال�صابقه والمعايير المعتمدة. وجدت ه��ذه النتائج اأن تدفق 
الهواء و�صرعة الهواء يوؤثران ب�صكل كبير على الراحة الحرارية للمري�ض في غرفة العمليات. اإلى جانب ذلك 
، لوحظ اأن بع�ض مناطق اإعادة التدوير تت�صكل، وهذا نتيجة للحرارة الناتجة عن الفريق الجراحي والهواء 

المت�صارع. تعتبر هذه المنطقة م�صدرًا لبقاء الهواء الملوث في الغرفة.

الكلمات المفتاحية: تقنية تدفق ال�صوائل الديناميكية )CFD(، غرفة العمليات، التحليل العددي.
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Highlights

• Both physical and mathematical CFD simulations were performed. 

• The effects of velocity and temperature of entered air were proved. 

• By changing the air velocity and temperature, thermal comfort in the room 
changes. 

• The contribution of CFD applications in improving health outcomes was 
demonstrated.

1. Introduction

In recent years, the increasing development of computational fluid dynamics 
(CFD) has contributed to improving HVAC (Heating, Ventilation, and Air 
Conditioning.) systems at the design stage, and reducing the number of 
experiments requiredindoor air quality is an important part of studying, 
analyzing the indoor environment. The quality of the indoor environment 
is handled through the optimum control and adjustment of the technical 
features in HVAC systems. In a work environment such as hospitals, the 
quality of indoor air and thermal comfort directly affects patients’ health and 
the well-being of the healthcare team [1-3ا].Consequently, HVAC systems 
should provide a comfortable working environment for health care providers 
in addition to minimizing risks, whether for health care workers or visitors 
.[ا4-6]

 Since most of the time people spend indoors, internal environments 
have to be studied and analyzed using the available techniques to ensure 
a comfortable environment [7-9ا]. In hospitals, the studying of this factor 
becomes mandatory due to many places founded that may be a source 
of infection and the spread of diseases. According to the CDC (center for 
disease control) reports, approximately 99, 000 deaths annually caused by 
healthcare-related infections. This statistic shows that hospitals are a suitable 
environment for infections. The surgical site infection is considered the most 
common in contributing to the high number of patient deaths, as infected 
skin squama’s by staff are the main cause of infection [10-111113ا].

In operating rooms, the risk is too much especially during the surgical 
operation because of the surgical area of a patient exposed to air. Many 
elements can cause post-operative infection, including factors of the patient, 
surgical space, operating room, and HVAC system. Also, the direction of 
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airflow, and the position of the inlet, the outlet of air. Moreover, surgeons may 
become the main source of infectious particles and bacteria in an operating 
room for their activities [14-17ا]. Figure (1) shows most of the sources of 
infection in the operating room [11].

The spread of polluted air in hospitals is a very worrying issue and there is an 
obvious need for a system to distribute air effectively in hospitals [16]. Several 
studies have been conducted on CFD modeling for the spread of infection 
particles in indoor environments [14, 18, 19, 12, 20-22ا].

 

Figure 1: Sources of infection in the operating room [11[

In the African countryside, authors [23] studied a typical clinic by using 
CFD. The researchers pointed out that the research results can be used to 
make significant decisions to develop the health care system in the country. 
According to [24], it has been shown that the ventilation system and the 
type of airflow in indoor environments such as hospitals, could contribute 
to the transmission of infectious diseases. They recommended that the 
computational fluid dynamics (CFD) is a suitable predicting technique for 
air distributions and a preferred tool on hospitals operating room ventilation 
system designing.

In addition, [25] studied the energy performance of hospital buildings in 
the United Arab Emirates. The research indicated the need to consider the 
effects of thermal comfort conditions in future research because of its impact 
on patients in hospitals. The work [26] examined the effect of the ventilation 
system on infection control within the operating room by applying different 
ventilation options. The results of the experiment indicated the relationship 
between thermal comfort and the temperature of the air entering the 
room. Accordingly, this comfort can be maintained by controlling the air 
temperature. In another scientific study related to environmental controls 
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in operating rooms [27], researchers have demonstrated that infection in 
operating rooms, particularly surgery sites, remains a major problem in 
recent medicine sciences. 

Based on the aforementioned scientific research and given the importance 
of this research topic, this paper aims to study air velocity and temperature 
distribution in a hospital operating room and its impacts on patients and 
workers. In this research, the CFD modeling technique is used in the operating 
room to find the numerical solution for fluid flow and temperature, which 
develops a criterion that would help to improve ventilation efficiency.

2. MATHEMATICAL MODEL

In the study of indoor air quality and its effect, air parameters that affect 
airflows such as speed, temperature, and relative humidity should be 
determined. For airflow applications, the CFD tools find a solution for 
conservation equations for mass, momentum, and energy. Each of these 
equations includes the pressure, temperature, velocity of the element, and 
its surroundings, so it is best to solve the equations for all the elements 
simultaneously or consecutively. 

The distributions of air flow were specified by solving the fluid flow equations. 
Navier Stokes, RANS, continuity and momentum equations, together with the 
energy equations.

2.1 Continuity and MomentumEquations

In the room model, the principle of mass continuity is shown more applicability, 
which presents as the control volume. Therefore, the time interval of the 
change of mass in the room must be identical to the difference between the 
mass entering and exiting the room as is evident in the following equation:

Considering ρ is the air density [kg / m3] and v is the velocity vector [m / s]. 

The Navier-Stokes equations define the basic mathematics of the motion 
of fluids, as they mainly represent Newton’s law (Law of Motion) applied to 
liquids.

Based on Newton’s second law of fluid flow, the momentum equation can be 
expressed in the following equation:

∂ρ ∂t⁄ + ∇. (ρv⃗ ) = 0         (3.1) 

∇. (ρv⃗ ⊗ v⃗ ) = ∇. (µtot∇ v⃗ ) − ∇p + F⃗ g + F⃗ ΔT     (3.2) 
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Where       [kg/m. s] Where   _tot [kg / m. s] represents the total molecular 
and turbulent viscosity, p is the pressure [Pa], and              contain parameters 
such as thermal differences,                     is the outer product.

The right side (Eq. 3) describes forces (body forces), while the left side 
describes time-dependent quantities such as acceleration.

2.2 Energy Equation

The energy in the air is defined as the sum of thermal energy (internal and 
velocity components) and the gravitational potential energy in buoyancy-
driven flows. Consequently, the energy can be maintained in a stable state 
as follows:                   

 

Where   is the diffusion flux of species j,    is the enthalpy of species j, and   

includes the heat or any other volumetric heat sources defined in the 
simulation process.

2.3 Turbulence Equation

To numerically simulate the turbulent flow, it was modeled with the k-ε 
turbulence model. Depending on the instantaneous velocity u (x, t) of the 
flow at position x and time t. The instantaneous velocity    can be described 
at a specific location and time: 

    can be described asanaverage of v for stable flow, and    is fluctuation 
velocity.   is obtained by measuring as the standard deviation of  . 
Turbulence intensity (TI) can be calculated as:

The turbulent kinetic energy k is given per unit mass as:

3. CFD MODELING  

Computer simulations can contribute to obtaining higher accuracy of results, 
thus simplifying and improving the research process.The most important 
advantage of CFDs is the ability to test various system configurations (types of 
models, positions of equipment, etc.) virtually without creating real systems. 

∇. (ρv⃗ ⊗ v⃗ ) = ∇. (µtot∇ v⃗ ) − ∇p + F⃗ g + F⃗ ΔT     (3.2) 
 

∇. (ρv⃗ ⊗ v⃗ ) = ∇. (µtot∇ v⃗ ) − ∇p + F⃗ g + F⃗ ΔT     (3.2) 
 F⃗ g + F⃗ ΔT 

ρv⃗ ⊗ v⃗ = ρv⃗ . v⃗ 𝑇𝑇 

 

∇. (v⃗ (ρE + p)) = −∇. (∑ hjj Jj) + Sh     (3.3) 
 

𝑇𝑇𝑇𝑇 =̅ 𝑢𝑢𝑖𝑖 �̅�𝑢𝑖𝑖⁄ × 100  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖     (3.5)  
 

𝑘𝑘 = 1
2 �̅�𝑢𝑖𝑖

′2 = 1
2 (𝑢𝑢1

′2 + 𝑢𝑢2′2 + 𝑢𝑢3′2 )    (3.6)     
 

𝑢𝑢𝑖𝑖 = �̅�𝑢𝑖𝑖 + 𝑢𝑢′𝑖𝑖        (3.4)  
 

Jj hj  Sh  

𝑢𝑢𝑖𝑖   

𝑢𝑢𝑖𝑖   
�̅�𝑢𝑖𝑖  𝑢𝑢′

𝑖𝑖   
𝑢𝑢′

𝑖𝑖   
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In this way, it is possible to optimize the suitable design of the ventilation 
system and adequate locations of air inlets/outlets to decrease the sources of 
infections in an operating room by numerical methods.

3.1 Model Establishment

The first step is to perform a CFD analysis for a fluid region of interest is 
drawing and meshing in specific geometric modeling using the ANSYS 
Design Modeler application. Figure (2) shows a simplified three-dimensional 
model of the typical operating room, in terms of the number of surgical staff, 
surgical lights, and operating table. In addition to taking into account the air 
inlets and exits on the sidewalls for the basic simulation model.

Figure 2: Simplified Typical Operating Room [21[

The simulation processes were performed using four tools of ANSYS. These 
tools start with the Design Modeler followed by Meshing and thenFluent 
and CFD-Posttool.  In one interface, these tools allow users to perform the 
simulations.

4. RESULTS

The results obtained from this work were evaluated by comparison of the 
air temperature and air velocity with the numerical results presented in the 
references[28, 1, 29].Table 1 illustrates the results reached in this work and 
the numerical data presented in the literature. The comparison showed a 
compatible between them, which mentions an agreeable verification of the 
current work. 
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Table 1. A comparison of results obtained from this work with data from 
[29 ,28 ,1[. 

Present Work Ref. [28[ Ref. [29[ Ref. [1[

Air 
temperature

20 ° C - 22 ° C 22 ° C - 24 ° C 17 ° C - 22 ° C 14 ° C - 29 ° C

Air velocity 0.35 – 0.4 m 
/ s

0.127-0.178 
m / s

0.45±0.1 m 
/ s

0.46 m / s or 
below

Figure (3) shows the contours of temperature in a plane 1(z-x plane) with 
height 2.8 m from the floor and plane 2 (z-x plane) with height 1.7 m from 
the floor. The neighboring area next to the inlets of air supply generates 
regions with a low temperature, where the air enters the operating room is 
cold.

Figure 3: Temperature contours with location of plane 1 and plane 2

To more investigation, the distribution of temperature near ahead of the 
patient was plotted on the (x-y) axis as shown in Figure 4. In the lower region, 
the temperature is decreased as the air cold enters the room near this site.

Figure 4: Temperature distribution beside the patient area

Concerning the study of air inside the room and its impact on the surgical 
area, the flow of airflows to the room at a speed of (0.4 m / s) through the 
supply hole on the right wall. Figure (5) presents the iso-surface cut in the 
middle of the surgical site. It can be seen that the average air velocity at the 
center of the surgical site is less than 0.35 m/s.
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Figure 5:  air distribution on the middle of surgical site y=1m

For further investigation, the velocity field is mapped on the filled velocity 
vectors as shown in Figure 6. The upper and lower flow created a circulation 
area due to high temperature and low-temperature surfaces. This flow is 
mixed with hot air coming out of the surgical site, extending along with the 
ceiling, falling at the wall, and then coming out of the low exits (3, 4). 

Figure 6: Streamline Contours within all the space of the OR

5. DISCUSSION

5.1 Air Temperature

Through simulation results, in which case the air is flowing into the operating 
rooms through the entrances (1, 2) at the top of the right wall, at maximum 
speed (0.4 m / s). Concerning the distribution of air temperature as one of 
the factors of study in this research, it has been found that the different parts 
of the indoor temperature difference are formed. it was found that the air 
with low intensity (warm air) goes up and make region with high temperature, 
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but the air with high intensity (cold air) goes down and make region with low 
temperature. Compared with the standard internal temperature, the results 
are acceptable and there are some slight increases or decreases in some 
casesbut in the same allowed ranges.

5.2 Air Velocity

In respect with studying the air inside the room and its effect on the surgical 
area, by maintaining the same location and speed of the air entering the 
room, it was noted that its speed decreased at the site of the surgery to (0.35 
m / s) and yet it is at the acceptable standard level and the patients and 
surgical staff will feel more comfortable. Accordingly, it can be said that the 
air velocity (≥0.3 m/s as inlet value) contributes to reducing the recycling 
areas near the operating table.

On the other hand, when observing the air velocity vector as streamline from 
the entry area through the surgical area, it is observed that some recirculation 
zone is formed, and this is a result of the heat generated by the surgical team 
and the accelerated air. This region is considered a source for the survival of 
the polluted air in the room.

6. CONCLUSIONS AND FUTURE WORKS

In this paper, CFD analysis of airflow, temperature distribution, is presented 
and discussed in a 3D hospital operating room with conventional airflow. 
The simulation results show acceptable results compared with experimental 
data from the literature and standards. This work provides a comprehensive 
analysis of air velocity and temperature distributions in the operating room. 
Based on this analysis it was found that airflow and air velocity significantly 
affect the thermal comfort of all operating theater personnel.Therefore, the 
air that enters the room is very important and affects the room temperature. 
Air distribution at the wound site indicates that air velocity also within the 
required ranges. Besides, the average temperature at the surgical site is 
between 20 ° C and 22 ° C, so that these values fall within the recommended 
range of 14 ° C to 29 ° C. 

From the present observations, it can be concluded that the application of 
CFD in hospitals will improve the design of the internal environment as well 
as health outcomes.
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In future works, more researches are needed on the effect of radiant heat 
transfer between the interior surfaces of the room and heat transfer across 
the walls as well as all the equipment in the room. In addition to applying the 
model practically in a real operating room and make a comparison between 
the simulation and experimental results.
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