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Abstract - Hospital ventilation is defined as the providing of fresh and clean air stream in hospital wards or patients’ room to provide 

and establish a healthy environment for personnel’s and patient’s breath, reducing concentration of produced contaminations in hospital 

and removing them from clean spaces. Thus, it can prevent spread of airborne infections among patients, people who works around and 

more importantly, outside the hospital. Hospital infections have a huge influence on mortality of the patients in which respiratory tract 

infections and surgical wound infections plays a major role. Depending on the quality and the mass flow rate of the exploited air, cleanness 

of a surgery room can be achieved by supplying an adequate amount of air. In this regard, arrangement of inlet and outlet gates have the 

most considerable impact among geometrical parameters. However, it should be mentioned that positioning of the outlet gates has 

negligible influence on the distribution of stream properties like velocity, temperature and concentration of the contaminations relative 

to inlet gates. In this study, the concentration of aerosols for different dimensions and for different modes of inlet gates in a completely 

equipped surgery room is investigated and the average particle concentration of them is compared. It can be illustrated that obtained 

results changes with variation of particles’ dimensions. 
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1. Introduction 
Bacterial transmission in air is the most essential factor in surgical site infections. According to the announcement of 

the Center of Disease Control (CDC), surgical site infections are among the first three important factors of hospital infections, 

which involve 14 up to 16% of them [1]. Being estimated in 1999, a single surgical infection for each patient can make them 

stay for 10 days longer, which means a 5000$ increase in expenditures[2]. Surgical infections can be produced up to 30 days 

after the surgery and they can be classified into three groups [3]: superficial incisional, deep incisional and organ or space 

infections. Practical improvement in infection control has been made like enhancing ventilation of the surgery room, 

sterilization of the room and the equipment and also exploiting new techniques to make surgery less dangerous. Depending 

on patient, personnel, type of surgery and environmental conditions, systematic but practical methods are needed for reducing 

the infections risks. Moreover, Staphylococcus aureus is known as the most important bacteria in surgical infections which 

has been effective on the wide range of the infections[4]. Live on humans’ body skin, dead skin cells are the main source of 

producing these bacteria. It is estimated that approximately 1000 particles carrying bacteria can be separated from surgeon’s 

body and released in the room [5]. Furthermore, distance between surgeon’s body and patient’s body can play a significant 

role on the possibility of infection. In the past decade, many different practical methods were investigated for removing 

surgery room’s bacteria, which the most effective one is fast transmission of bacteria by a suitable air stream in the room. In 

this method [6], Particulate matter from the respiratory system can be guided into output gates swiftly by producing a well-

directed stream and by reducing circulation in the air specially around patient, bacteria penetration can be restricted.  
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In many studies particles’ diameter which can carry bacteria are considered between 5 to 10 μm in which gravity and 

buoyancy force have a huge influence on the particles [7]. In this study, concentration of particles in the air for different 

dimensions, with the complete internal room layout, for different arrangement of inlet gates is investigated. In this regard, 

four gates arrangements are studied which are diagonal, lateral, central and full open gates. Based on the result of Balaras et 

al [8], temperature and the relative humidity is considered 28°C and 35%, respectively. Optimum air velocity in the inlet 

gate is 0.15 m/s based on Memarzadeh et al [9], However, the inlet velocity is considered 0.2 m/s in this case. 

 

2. Test Case 
Being equipped and designed like many conventional surgery rooms, clean room of the Sharif University of Technology 

is considered as a test case for this investigation. The room has dimensions of 2.9×3.7 square meters while it is heighted 2.5 

meters. Moreover, having six inlet gates in the ceiling each of them dimensioned 60×60 square centimetres, the effect of 

different arrangements of inlet gates can be studied. Additionally, the selected room has five outlet gates on the walls having 

dimensions of 30×45 square centimetres each. Furthermore, one of the important factors for achieving a specific level of 

cleanness and eliminating the circulated streams is removing corners and generally dead pockets in which particles can 

maintain in these areas due to turbulence streams. In this highly particle concentrated zones, high momentum air can enter 

and carry a huge amount of particles with them to the main air stream which can increase the air pollution around the patient. 

Fortunately, this principle is taken into account in the construction of the studied cleanroom to an extent that no corner and 

sharp edges can be seen in the cleanroom. 
 

3. Results 
Choosing the experiment type can be influenced by parameters like room’s design, related usage and needed pureness 

level. Three different conditions can be considered for the classification of cleanrooms according to the IEST standard before 

the concentration test. Accordingly, cleanrooms can be assorted into built cleanrooms, rest cleanrooms and the operational 

ones. First group is applied to the ones that the whole room with full equipment are ready to work but equipment and working 

stuff are not present in the room while in the second group just personnel are not present and the operational group is referred 

to ones in which both equipment and personnel are present. Considering the mentioned classification and the test case, built 

mode is suitable for this investigation. In this part, Concentration of particles with different dimensions for various inlet gates 

layout is investigated in a room with complete equipment. Arrangements like diagonal, central and lateral are used regularly 

in cleanrooms, however, a study on full open gates layout is performed additional to the others. Fig. 1 shows the particle 

concentration for each particle dimension with respect to the exploited layout and has the most consistency with expectations. 

Having short distance between inlet and outlet gates in a way that air stream does not have enough time for moving the 

particles, lateral arrangement has more deposited particles among the others. Regarding to the mentioned argument, although, 

central arrangement should leave more particles than the lateral one, it can be illustrated that central arrangement has left 

fewer particles in the room. This is firstly due to errors in particle counter device and secondly because of forces acting on 

the particle which can be classified as follows [5]: gravity force, buoyancy force, Brownian motion force and the 

Thermophoretic forces being resulted from scalar gradients like temperature. Table 1 shows order of magnitude among the 

mentioned forces. 

 
Table 1:The order of magnitude of the different forces relative to the force of gravity in terms of particle size [10]. 

 

Force(N) 
Particle dimension (μm) 

10-1 1 10 

Gravity 1 1 1 

Buoyancy 10-2 10-3 10-3 

Brownian 100.5 10-2 10-5 

Thermophoretic 1 10-2 10-4 
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Having maximum area for removing particles, full open gates arrangement is the best choice which can be conspicuously 

illustrated from Fig. 1(a). Furthermore, Fig. 1(b) shows apart from the fact that diagonal layout was the worst case among 

others, in other cases, obtained results did not match with the expectations such as the superiority of full open gates 

arrangement over the others. This phenomenon can be explained by taking following reasons into consideration. Firstly, 

according to Fig. 1(b), measuring equipment may not count particle numbers meticulously as its error can be increased as a 

result of particle dimensions which are too small between 0.3 up to 0.5 μm so it can adversely affect the results. Secondly, 

regarding to Table.1, in dimensions less than 1 μm, Brownian and Phoretic forces are increased severely and can be 

considered as same level as Buoyancy force. Last but not the least, having furniture in the room, for sure some vortexes have 

been created which can trap tiny particles. Having little mass, these particles do not have enough momentum to escape from 

centrifugal force of the vortex so it takes a considerable amount of time for them to get rid of the vortex completely. 

Moreover, for a better understanding of measured particle concentrations in various diameters, vertical axis of Fig. 1 is 

plotted logarithmically relative to the horizontal axis. 

 

  
 

 Fig. 1: Particle concentration via Particle size for (a) 0.3 to 0.7 μm, (b) 2 to 5 μm for all arrangements. 

 

 
Fig. 2: Logarithmic Particle concentration via Particle size for 0.3 to 5 μm for all arrangements. 

 

Generally, numerous factors can lead to the increase of errors and deterioration of the results in experimental studies 

which can be classified into three different categories. Measuring device error comes first. The flow meter in the study has 

the accuracy of 0.01 m/s, however, the inlet velocity is not considered as one of the output parameters of the problem. Also, 
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particle counter has the accuracy of 0.3 μm which means cannot count particles having dimensions smaller than this value, 

even though smaller particles are not included in the test. Conspicuously, in smaller dimensions, counting the errors can 

grow dramatically. Secondly, modeling type error can adversely affect the results. Although the patient, surgeon and some 

operating tools were used, there are some limitations for exploiting all the equipment and surgical team which are not used 

completely. Surely, by making the indoor design more complicated, results will become more accurate. Lastly, errors in the 

measuring method is another trouble. Presence of measuring person in the room, the concentration distribution and stream 

direction can be adversely affected. Moving velocity, moving direction and position of the measuring person are the main 

parameters which can directly and effectively influence the indoor stream. 
 

4. Conclusion 
Noticeably, the full open gates arrangement can remove particles relatively better than the other layouts as it can produce 

more mass flow rate and more homogeneous pressure gradient in a comparison to the others. However, it may not be practical 

in reality. In addition, diagonal layout has the worst outlet particle efficiency while the central one has the most. Being 

mentioned, the expectation was that the lateral arrangement should be the best. Lastly, by decreasing particle dimensions, 

Buoyancy force will decrease while the Brownian and Phoretic forces will increase to an extent that in dimensions less than 

0.5 μm results are almost inverted. 
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