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Abstract  
 
This paper presents simulations to model the performance of two negative pressure, airborne infectious isolation rooms 
(AIIRs). AIIRs are a requirement for the medical management of COVID and other infectious diseases mobilization of 
functional AIIRs have therefore become a health infrastructure priority over the last year. A standard negative pressure 
room with a single fan for extraction, ceiling level supply air and extraction diffusers is compared to a dual extraction 
fan system with variable air control linked to pressure sensors via an IoT controller. Computational Fluid Dynamics 
(CFD) is used to simulate the ventilation performance of both configurations. These results are then compared to results 
from experimental studies on live isolation rooms monitored and controlled via IoT devices. The results indicate that the 
dual extraction configuration with IoT control is more energy efficient and effective at maintaining the required 
negative pressure parameters. 
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Introduction: 
AIIRs are used to accommodate Infectious patients within a health care facility. AIIRs are designed and constructed with 
the intension of keeping Heath care workers, safe from pathogens and isolating the patient from the rest of the hospital 
community.  An Isolation patient is usually placed in a single bed ward with dedicated facilities. This room is maintained 
under negative pressure to prevent the egress of pathogens into other areas via the airborne route. The alarming spread 
of the covid 19 virus during the early months of 2020 puts hospital infrastructure under tremendous pressure to provide 
safe facilities for health care workers and adequate facilities to accommodate and treat infected patients. Prior to covid 
19 infectious diseases like tuberculosis, MERS as well as SARS prompted innovative responses to construction and 
design of airborne infectious isolation rooms. In a study conducted by Jacob S et al (2019)a number of features are 
identified to effectively isolate a patient under negative pressure. Gammaitoni and Nucci, produced a model of the TB 
infection rate this model illustrated the requirement for an effective ventilation strategy and high ventilation rate for 
infectious isolation rooms. Ventilation guidelines for AIIRs describe the ventilation rates and strategies for ideal isolation 
rooms. The reality is however that many isolation rooms are built as retrofits and design challenges exist in achieving 
the required ventilation rates and required ventilation strategies. At the onset of COVID many governments embarked 
on construction of field hospitals to meet the demand for patients requiring isolation from the general population. COVID 
19 patients were regarded as highly infective and in need of isolation facilities separated from the general hospital 
population. To manage Cost effective solutions with minimal installation times are required to ensure that health facilities 
can meet the needs of patients. In a study conducted by Jacob et al the flow pattern of the inlet an exhaust of an isolation 
room was simulated at various patient positions.  
 
Chow et al developed laser light sheet imaging and analyzing technique (LST) this technique was used to examine airflow 
environments in critical applications. 
Yik et al, 2003 performed simulations on typical isolation layouts. These simulations showed that a net air change rate 
and exhaust flow rate for negative pressure isolation rooms should be at -2,7 air changes and an exhaust flow rate of 12.4 
Air changes. The differential pressure between the room and the lobby should be negative 1.5 Pa. It is also recommended 
that heed should be given to poor construction quality and air leakage. 
 
Rydock et al (2010), in a technical report on the best practice in design and testing of isolation rooms in Nordic hospitals 
review the various design considerations for isolation rooms: 

Proceedings of the 2nd African International Conference on Industrial Engineering and Operations Management 
Harare, Zimbabwe, December 7-10, 2020

© IEOM Society International 1947

mailto:lanceroy@aiengineers.co.za


• the use of heap filtration as well as accessibility of these filter banks for maintenance 
• Control strategy: disruptions from external sources and changing ambient conditions need to be considered and 
overcome by control strategies. Once such methodology includes interlocked doors which prevents to opening of entrance 
and interlock doors at the same time. 
• Performance monitoring: pressure differential monitoring, air flow and direction monitoring, heap filter pressure 
drop and ventilation equipment infrastructure monitoring the performance of isolation rooms. 
• Air exchange rate: various methods are proposed for the evaluation of air exchange rate. Tracer decay rate is one 
such methodology. In research conducted by Mead in 2008 on methods for expedient isolation rooms Mead concluded 
that the USA lacks the required capacity to manage a surge in the requirement for AIIRs this fact was validated with the 
management of COVID 19 in 2020 (Mead, 2008) also concluded that a ventilated headboard configuration also improves 
the effectiveness of an AIIR 
The increased demand for AIIRs brings with it and the engineering and financial burden of constructing reliable, cost 
effective and maintenance friendly isolation rooms. This study evaluates the use of IoT technology in as a possible lost 
cost controller in achieving the outputs required for AIIRs. 
 
Guidelines and Standards: 
The center for disease control (CDC), The American Institute of Architects (AIA) and American society for Heating and 
Refrigeration Engineers (ASHRAE) provide recommendations on air exchange rates, differential pressure and other 
design parameters for isolation rooms these guidelines are summarized in Table 1 outlines these standards: 
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Table 1: Design Standards for AIIRs: 
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Research conducted by Thartiparti in 2017 showed that Direct Control Exhaust Ventilation configuration is most efficient 
in preventing the patients contaminated air from entering the HCWs region. The CFD simulation set up in this research 
confirmed that the flow path from the contaminant source to exhaust vent is best controlled with the exhaust vent is 
placed closer to the patient source. The fluid dynamics comparison for this study is outlined in Figure 1 and comprised 
of a comparison of two scenarios namely a single fan and dual fan comparison. 

 
Figure 1: Simulation Study Flow Diagram 

Wung et al, 2009 compiled an evaluation negative pressure isolation rooms using a balanced score card framework they 
found that monitoring of airflow and pressure in isolation rooms is critical especially when doors are not interlocked and 
suggested the use of audible alarms to manage this, Mousavi et al, 2016 expanded on this in their research on airflow 
patterns due to door motion and pressurization. The K-𝜀𝜀 model was used to simulate turbulence. The study found that 
higher door speeds created turbulence and increased the rate increased the rate of volume exchange between the patient 
room and anteroom. 
Cho, J, 2019 conducted various air flow experiments on the position of supply air and exhaust air diffuser positions on 
examining contaminant distribution. Computational fluid dynamics was used to simulate air distribution with the various 
diffuser configurations. It was found that two exhaust air grilles on the wall behind the patient bed was found to be the 
most efficient pollutant removal configuration. 
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Computational Model and Solution Methodology 
The study is confined to the isolation room, ante room and patient bathrooms. Two scenarios are simulated as outlined 
in the flow diagrams below. The spatial air flow is modelled to understand the ventilation patterns within the room and 
the impact of a second extraction fan to compensate for pressure loss on the opening and closing of the isolation room 
door. The k-𝜀𝜀  model was used as the turbulent model for analysis. The Figure 2 and Figure 3 show the system 
configuration for the two scenarios that were simulated using Autodesk CFD and using a steady state solution mode. The 
models are the direct replicas of the actual rooms used for the simulation for accuracy of comparing the numerical results 
to the experimental results.  

     
 

Figure 2: Single fan Configuration of extraction system for a single patient AIIR 

            

       
 

Figure 3: Dual fan Configuration of extraction system for a single patient AIIR 
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Figure 4: Dual Fan Config Mesh Analysis of air distribution in an isolation Room 

 
To replicate the effects of door cycles the model from research by Grosskopf and Mousavi, 2016 was adapted to suite 
the room configuration with 3-, 5, and 7-s door cycles. The mesh model developed in this study was used to analyze 
temperature and air velocities for the two configurations. This model is illustrated in Figure 4.
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1.1 Mathematical Model: 
The Standard k-e turbulence model: 

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕

 = 0                                                                                                                         (1) 

For Turbulent kinetic Energy: 
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𝑢𝑢𝜕𝜕  represents the velocity component in the corresponding direction 

𝐸𝐸𝜕𝜕𝑖𝑖  represents component of rate of deformation 

𝑢𝑢𝜕𝜕  represents eddy viscosity 

𝑢𝑢𝜕𝜕= 𝜌𝜌𝐶𝐶𝜇𝜇  
𝜌𝜌2

𝜌𝜌
                                                                                                                 (4) 

𝐶𝐶𝜇𝜇  = 0.09 

𝜎𝜎𝜌𝜌  = 1 

𝜎𝜎𝜌𝜌  = 1.3 

𝐶𝐶1𝜌𝜌  =1.44 

𝐶𝐶2𝜌𝜌  =1.92 
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Boundary Conditions  
 
Both rooms were modelled on the dimensions of existing rooms of 4m X 4m for the main patient room, a patient bathroom 
of 2m by 1.5m and an anteroom of 2m x1.6m. The sensible heat load due to 3 occupants was assumed at 186W, the 
headload due to lighting assumed at 12W/m2 a solar heat gain of 33W/m2 all other wall surface is assumed as adiabatic. 
The total supply air volume and temperature were specified at 12 ACH and 20 degrees Celsius at 50 percent humidity. 
Round supply air diffusers are ceiling mount fitted into the ceiling. The ceiling is constructed from gypsum board. The 
extract vents are located on either side of the patient bed at the head position. The supply air rate is as follows from a 
single diffuser and the extract air rate is as follows from two round diffusers. A summary of the boundary conditions is 
given in table 2.  
 

Table 2: Boundary Conditions: 

 
 Scenario 1 Scenario 2 

ly Air    LPS S 
ust Air  LPS  LPS 
 Close Cycle  PS  PS 

 
Results and Discussion: 
 

 
 

Figure 5: Air change performance comparison Single and Dual Extraction Systems 

 
 
 
 
The dual extraction fan system proved to be more effective in maintaining the requirements for an air. The results from 
the numeric analysis and experimental verification show that scenario 2 with a dual extraction fan is more effective in 
maintaining a negative pressure within the AIIR. The effective run time of the fans also equates to a lower system energy 
consumption of configuration number 2 than system number 1. System number 1 is a constant air volume system and 
hence the fan sizing had to accommodate the effects of door motion, resulting in a fan sized with a capacity greater than 
the requirement of 12ACH. The dual extraction configuration with secondary fan on IOT control allowed for energy 
saving when the room pressures and airflows reach a setpoint condition but was also able to compensate for losses air 
pressure losses when the door was opened. This configuration coupled with the IoT controller allow for a cost saving 
when compared to a conventional PLC. Figure 5 illustrates the effect of the single fan system compared with the dual 
system. 
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Conclusion: 
This simulation evaluated the performance of an airborne infectious isolation rooms using CFD and experimental verification. 
The two scenarios tested a typical constant volume negative pressure isolation room and a dual extraction fan system with 
IOT control and monitoring. Both configurations were tested using numerical methods and then experimentally verified. 
Previous studies have analyzed the locations of the supply and exhaust positions as well as the impact of door motion. This 
study addressed a solution to the impact of door motion. The research has shown that the addition of an additional fan and 
the IOT controller improves the performance of the  AIIR by reducing the spread of the contaminants into adjacent areas and 
eliminated the additional energy consumption and operational effect of an oversized system to compensate for air leakage 
and pressure loss due to door motion.  
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