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Abstract- Operating rooms (ORs) are the most critical and 

expensive sector of healthcare facilities. The air conditioning 
system is designed to provide a well-controlled indoor air quality 

(IAQ). This design guarantees a perfect infection control and a 
good thermal comfort of patient and operating staff. 

This paper aims to analyze and evaluate indoor thermal 

comfort at different cases to assign the proper inlet air 
temperature to the OR. The predicted mean vote (PMV) and the 
predicted percentage dissatisfied (PPD) models in accordance 

with ISO 7730 were used for this study. 

Field measurements were first carried out in an OR at Kafr 
El-Sheikh educational hospital to get the thermal environment 

parameters. These parameters are required to determine the 
thermal comfort indices namely (PMV & PPD). Four different 
cases of supplied air temperature 17.5, 18.5, 19.5 and 20.5oC were 

studied and compared through 105 measuring points distributed 
in the operating room. The PMV and PPD indices were computed 
at each case for three groups of medical staff: surgeons (metabolic 

rate equal to 120 W/m2), nurses and surgeon's assistants (100 
W/m2), anesthetists (70 W/m2). 

The results revealed that inlet air temperature has a minor 

effect on the air velocities and airflow patterns inside the OR at 
the same air change rate. For the current ventilation system, it is 
difficult to create a very comfortable work conditions for all 

operating staff at the same time due to their different thermal 
requirements. It was concluded that a supplied air temperature 
of 18.5oC provides almost comfortable conditions for all surgical 

staff. 

I. INTRODUCTION 

Hospitals consume the highest energy in the building sector. 

They contain a combination of various interior spaces, 

functions and a large number of medical devices which require 

high space heating, cooling and ventilation loads and 

continuous 24 hours of operation. Particularly, ORs are the 

most demanding independent enclosed spaces in hospitals. The 

OR was classified as a sensitive space that demands a high 

degree of cleanliness of the environment. According to the ISO 

14644-1 standard [1], there are nine class levels of air 

cleanliness as shown in Table 1. An OR should be at least ISO 

Class 7 which is an atmospheric environment that contains less 

than 352,000 particles 0.5 mm in diameter per cubic meter of 

air [2]. Therefore, ORs are the most expensive sector of 

healthcare facilities, accounting for almost 33% of overall cost. 

[3, 4]. 
Surgical Site Infections (SSIs) are common surgical issues 

in hospitals. SSI occurs as pathogenic particles exist in the 

surgical wound region during surgery. These particles can 

enter the wound by direct contact or by deposition of airborne 

particles [5]. In order to minimize the risk of SSI, a systematic 

but realistic approach must be implemented with 

understanding that this risk is influenced by characteristics of 

the patient, operation, personnel, and hospital. Microbial 

contamination of the surgical site is an essential precursor of 

SSI [6]. 

 
Table 1. Selected airborne particulate cleanliness classes for cleanroom [1]. 

Classification 

Numbers (N) 

Maximum concentration limits (particles/m3 of air) for 

particles equal to and larger than the considered sizes 

shown below 

 0.1 μm 0.2 μm 0.3 μm 0.5 μm 1.0 μm 5.0 μm 

ISO Class 1 10 2     

ISO Class 2 100 24 10 4   

ISO Class 3 1000 237 102 35 8  
ISO Class 4 10000 2370 1020 352 83  

ISO Class 5 100000 23700 10200 3520 832 29 

ISO Class 6 1000000 237000 102000 35200 8320 293 
ISO Class 7    352000 83200 2930 

ISO Class 8    3520000 832000 29300 

ISO Class 9    35200000 8320000 293000 

 

Approximately 50% of doctors works in the ORs, as 

surgeons or with other duties like anesthesiologists, while 

about 10% of the total medical staff work in the OR. The air 

conditioning system in an operating room is designed to 

provide the proper indoor air quality (IAQ) including: 1) 

thermal, visual and acoustical comfort for both the surgical 

staff and the patient [7], 2) indoor air quality which must be 

controlled to reduce infection within OR [8]. Therefore, the air 

in an OR must be aseptic, at a suitable temperature and 

humidity for the patient and all members of the surgical staff.  

It should have relatively low velocity in order to avoid drafts 

and swirls that promote the recirculation of microbes and may 

disrupt the procedures during an operation. 

 

II. THERMAL COMFORT AND AIR VENTILATION SYSTEM 

IN OPERATING ROOMS 

Thermal comfort can be defined as ‘‘a condition of mind 

which expresses satisfaction with the thermal environment” [9, 

10]. People's sensation of the thermal environment is evaluated 

by the International Standard ISO 7730 based on the work of 

P.O. Fanger[10], who defined the PMV index to predict the 

thermal sensation of a person. In an operating room a patient 

is given the highest priority and indoor environment conditions 

are designed in such a way to ensure patients' safety, health 

and comfort [11-16] , but it is important to remember about 

operating staff, as their comfort affects indirectly on the quality 

of work thus lead to a great number of mistakes and decreased 

work efficiency [16-20]. The proper setting of thermal comfort 

parameters can provide suitable environment for the personnel. 
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The examination of thermal comfort in healthcare facilities 

has been the subject of several papers. Uncomfortable thermal 

conditions are not rare in operating rooms. This fact was 

confirmed by the results of measurements and surveys 

conducted in different countries [16, 18, 21-23]. A three-

dimensional CFD modeling in a hospital surgery room was 

conducted by Ho et al. [24]. They used the resulted airflow 

velocity and temperature in their PMV calculations. They 

found that better overall performance can be achieved by 

placing the grilles of supply air closer to the vertical centerline 

of the room wall while the location of the exhaust air grilles is 

somewhat insignificant. The level of thermal comfort and 

contaminant removal in a hospital operating room was studied 

by S. H. Ho et al. [25] through a numerical solution for the 

fluid flow besides assessing the performance of the air 

conditioning system using Predicted Mean Vote (PMV) model. 

It was found that the airflow patterns and the location of air 

supply grilles have a significant influence on the thermal 

comfort of occupants. A. Pourshaghaghy and M. Omidvari [17] 

studied the level of thermal comfort and performance of air 

conditioning system in a hospital located in Kermanshah city 

in the west of Iran in winter and summer using the PMV-PPD 

model based on the experimental measurements were 

performed.  They found that the poorest thermal conditions in 

winter occurred in morning shift. In summer, the poorest 

thermal conditions occurred in noon shift (in hours between 14 

and 16 AM). The thermal conditions and thermal sensation of 

medical staff working at Polish hospitals and operating rooms 

were evaluated based on field measurements which were 

carried out by Piotr Us´cinowicz et al. [22] in 37 ORs in 7 

Warsaw hospitals. They found that creation of working 

conditions that would be comfortable to operating staff is a 

significant problem. Waqas Khalid et al. [26] examined the 

indoor thermal comfort of patients and visitors in patient 

rooms in three different hospitals in Malaysia and compare it 

with international and local standards. They indicated that 

more than 86% of patients as well as visitors were thermally 

acceptable within the operative temperature range of 22.0 − 

28.0 °C. They also studied the relationship between indoor 

comfort conditions and outdoor temperature and found that a 

change of 4.0 °C in running mean outdoor temperature leads 

to a 1.3 °C and 2.2 °C change in indoor comfort temperature 

for in-patients and visitors, respectively, which can save 

energy in the studied hospitals. 

On the other hand, the goal of the air distribution inside an 

OR is to protect the patient and staff from cross-infection while 

maintaining occupant comfort without affecting the facilitation 

of surgical tasks. However, a source of contamination bypasses 

HEPA installations in every OR, this source being the surgical 

staff themselves and the particles stirred up by their movement 

(Cook and Int-Hout [27]. Therefore, air motion control must 

be used to maximize air asepsis. Memarzadeh and Manning 

[28] studied different ORs with different ventilation systems. 

Their results show that ventilation systems with laminar flow 

are the best choice. Khalil et al. [29] used experimental 

measurements and mathematical modelling techniques to 

determine the thermal and relative humidity characteristics in 

an OR. They examined different variations of supply and 

exhaust air locations and found that the optimum way to 

sterilize the operating area was using unidirectional air supply. 

The ventilation system defines not only the air flow in the 

operating room, but also the thermal conditions. In addition to 

prevent SSI, the technical HVAC standards state that thermal 

comfort must be achieved for the patient and all members of 

the surgical staff in the operating room. 

R. Van Gaever et al. [21] indicated the conflict between the 

thermal comfort standard ISO 7730 [30] and the environmental 

parameters defined by the technical HVAC standards as they 

presented the environmental parameters of five different 

technical HVAC standards and guidelines. It was also found 

that the current HVAC standards and ventilation systems failed 

to provide a comfortable thermal environment for all members 

of surgical staff in the operating room. 

The primary goal of this study is to examine and evaluate 

the thermal conditions inside the OR and estimate the optimal 

inlet air temperature which achieve a high level of thermal 

comfort for all surgical staff. Thermal conditions of the OR are 

evaluated based on PMV and PPD indices. 

 

III. PREDICTED MEAN VOTE (PMV) AND PREDICTED 

PERCENTAGE DISSATISFIED (PPD) 

According to [21, 30-32] in case of surgical staff in ORs i.e. 

healthy adults whose working specificity limit their adaptation 

ability the PMV index is sufficient to obtain accurate results. 

Effectiveness of PMV model for evaluating thermal conditions 

on surgical wards was also confirmed in the studies [8, 17]. In 

those studies, the variance between survey results and PMV 

measurements, conducted simultaneously with survey, did not 

exceed 5%. Based on the above-mentioned information, the 

PMV index was chosen to provide optimum levels of accuracy 

for evaluating OR thermal conditions. 

The PMV is an index which predicts the mean value of the 

votes of a large group of occupants on the 7- point thermal 

sensation scale shown in Table 2 based on the heat balance of 

the human body. The PPD on the other hand, predicts the 

percentage of occupants who are unsatisfied with the thermal 

conditions inside the space they are in. 

 
Table 2. Thermal sensation scale used by Fanger.[32] 

PMV -3 -2 -1 0 +1 +2 +3 

Thermal 

sensatio

n 

Col
d 

Coo
l 

Slightl
y cool 

Neutra
l 

Slightl
y warm 

War
m 

Ho
t 

 

An environment is considered as very comfortable when 

PMV varies between -0.5 and +0.5. It is considered as 

comfortable between 1.0 and +1.0. These values lead to a PPD 

of 10% and 27% for 0.5 PMV +0.5 and 1.0 PMV +1.0, 

respectively. When PMV is zero, that is to say for the perfect 

case, the PPD is 5%.  

The ISO 7730 standard [30] gives the following equations 

to calculate PMV: 

 

𝑃𝑀𝑉 =  [0.303 ∗ exp(−0.036 ∗ 𝑀) + 0.028] ∗

{(𝑀 −𝑊) − 3.05 ∗ 10−3 ∗ [5733 − 6.99 ∗

(𝑀 −𝑊) − 𝑃𝑎] − 0.42 ∗ [(𝑀 −𝑊) − 58.15] −

1.7 ∗ 10−5 ∗ 𝑀 ∗ (5867 − 𝑃𝑎) − 0.0014 ∗ 𝑀 ∗

(1) 
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(34 − 𝑡𝑎) − 3.96 ∗ 10
−8 ∗ 𝑓𝑐𝑙 ∗ [(𝑡𝑐𝑙 + 273)

4 −

(𝑡�̅� + 273)
4] − 𝑓𝑐𝑙 ∗ ℎ𝑐 ∗ (𝑡𝑐𝑙 − 𝑡𝑎)}  

 

𝑡𝑐𝑙  =  35.7 − 0.028 ∗ (𝑀 −𝑊) − 𝐼𝑐𝑙 ∗ {3.96 ∗

10−8 ∗ 𝑓𝑐𝑙 ∗ [(𝑡𝑐𝑙 + 273)
4 − (𝑡�̅� + 273)

4] + 𝑓𝑐𝑙 ∗

ℎ𝑐 ∗ (𝑡𝑐𝑙 − 𝑡𝑎)}  

 

(2) 

ℎ𝑐  =  

{
 
 

 
 

2.38 ∗ |𝑡𝑐𝑙 − 𝑡𝑎|
0.25    

𝑓𝑜𝑟    2.38 ∗ |𝑡𝑐𝑙 − 𝑡𝑎|
0.25 > 12.1 ∗ √𝑣𝑎𝑟

12.1 ∗ √𝑣𝑎𝑟                  

𝑓𝑜𝑟     2.38 ∗ |𝑡𝑐𝑙 − 𝑡𝑎|
0.25 < 12.1 ∗ √𝑣𝑎𝑟

 

 

(3) 

𝑓𝑐𝑙  =  

{
 
 

 
 

1.00 + 1.290 ∗ 𝐼𝑐𝑙      

𝑓𝑜𝑟      𝐼𝑐𝑙 ≤ 0.078  𝑚2 ∙
𝐾

𝑊

1.05 + 0.645 ∗ 𝐼𝑐𝑙      

𝑓𝑜𝑟      𝐼𝑐𝑙 > 0.078  𝑚
2 ∙ 𝐾/𝑊

  (4) 

 

Where, M is the metabolic rate of a human body (W/m2), W is 

the effective mechanical power done by a person (W/m2), Icl is 

the clothing insulation (m2.K/W), ƒcl is the clothing surface 

area factor, ta is  the indoor air temperature (oC), tr is the mean 

radiant temperature(oC), νar is the relative air velocity (m/s), Pa 

is the water vapor partial pressure (Pa), hc is the convective 

heat transfer coefficient (W/m2.K) and tcl is the clothing 

surface temperature (oC). 

The predicted percentage dissatisfied (PPD) is a function of 

PMV and is given by: 

 

𝑃𝑃𝐷 =  100 − 95 ∗ exp(−0.03353 ∗ 𝑃𝑀𝑉4 −
0.2179 ∗ 𝑃𝑀𝑉2)  

(5) 

 

Based on the OR environment and personnel 

characteristics, our basic assumptions were as follows: 

 Air temperature, air velocity and relative humidity 

were measured as mentioned above. 

 Heat transfer through radiation issue is not 

completely specified in any standard, although 

recommendations that mean radiant temperature tr 

should be similar to indoor air temperature [22, 33]. 

 Pa the water vapor partial pressure using relatively 

relative humidity. It was derived with ta and φ [34]. 

 The thermal insulation Icl of clothing was assumed as 

equal to (1 clo = 0.155 m2K/W) for surgical 

underwear and standard performance gown [35, 36]. 

 With regard to thermal requirements, medical staff 

can be divided into three basic groups [18]: surgeons, 

nurses and surgeon's assistants, anesthetists. Each 

group works under a different physical and mental 

load [16, 18, 21]. Therefore, PMV indices were 

calculated for three groups of medical staff: surgeons 

(metabolic rate equal to 120 W/m2), nurses and 

surgeon's assistants (100 W/m2), anesthetists (70 

W/m2) [30, 37].  

 

IV. MATERIAL AND METHODS 

A. Description of operating room 

 

In the present work, Kafr El-Sheikh educational 

hospital at the university of Kafr El-Sheikh, Egypt was 

chosen for performing the presented work. There are eight 

ORs, OR-7 on the second floor is designed to serve ear, 

nose and throat (ENT) surgeries where the measuring data 

were collected. 

 

 

Fig. 1 shows the interior arrangement of the operating 

room. It is 7.50 m (L) × 5.36 m (W) × 3.00 m (H) and all 

walls are well insulated. The neighboring walls to OR are 

conditioned. The supplied air flows downwards through a 

central ceiling supply plenum with multiperforated 

diffusers with a total area of (2.2 m x 2.8 m) and equipped 

with high-efficiency particulate air filters (HEPA). A 

single totally fresh air handling unit (FAHU) provides the 

ventilation air for the OR at constant speed. 

 

 

Two exhaust grille groups are installed, four grille 

outlets 0.58 m x 0.28 m are installed near the floor which 

absorb 2/3 of the air and four grille outlets 0.58 m x 0.28 

m are installed near the ceiling which absorb 1/3 of the air, 

as shown in Fig. 2. This system provides a continuous, 

Laminar Air Flow 

(LAF)

Higher Air 

Outlet

Lower Air 

Outlet

Surgical 

Bed

Surgical 

Lights

Ceiling Lights

Fig. 1. The interior arrangement of the operating room. 

 

`
Air Outlets (1)

Ceiling Lights

Surgical Bed

Air Outlets (2)

Air Outlets (4)

Air Outlets (3)

Air Inlet

Fig. 2. The plane of the operating room. 
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unidirectional flow of clean air at a rate of 30 ACH to 

protect the operating zone, instrument table, patient and 

surgical staff from pathogenic particle. 

B. Measuring Instruments 

 

VelociCalc plus air velocity meter 8386A was used 

for collecting data. It was used to measure temperature, 

relative humidity and air velocity with sensor accuracy of 

0.3 oC, 3% and 0.015 m/s respectively. Digital 

temperature panel meter TPM-30 was also used to 

measure the temperature of air at two different points (The 

same point which the VelociCalc measures and another 

point at the air inlet along the same vertical axis). The 

technical data of instruments illustrated in Table 3. 

 
Table 3. Technical data of instruments used for the experimental 

measurements. 

Measurement 

instrument 

Parameter Range Resolution Accuracy 

VelociCalc 

8386A 

Temperature 

Relative 

humidity 

Air Velocity 

-10 ~ 

60 oC 

0 ~ 

95% 

RH 

0 ~ 50 

m/s 

0.1 oC 

0.1% RH 

0.01 m/s 

± 0.3 ℃ 

± 3% 𝑅𝐻 

± 0.015 𝑚

/𝑠 

TPM-30  Temperature -50 ~ 

+70 
oC 

> -20 oC, 

0.1 oC 

≤ -20 oC, 1 
oC 

± 1 ℃ 

 

C. Airflow field measurements 

 

Thermal conditions were measured in the OR at seven 

horizontal planes. These planes are at height of (0.1m, 

0.5m, 1m, 1.5m, 2m, 2.5m and 2.9m) from the above floor 

level as shown in Fig. 3(b). Each horizontal plane contains 

15 measuring points located in the way presented in Fig. 

3(a). Measuring points (1-7) are located within the 

operating zone and other points (8-15) are situated outside 

the operating zone. The purpose of field measurements is 

to obtain the values of parameters required to calculate 

PMV and PPD indices which represent the thermal 

comfort inside the OR. The field measurements were 

performed at August. The data collection was conducted 

from 12:00 pm to 4:00 pm. These data were recorded 

every 2 minutes interval during this period. The 

instruments arrangement is shown in Fig. 4. The hot wire 

anemometer was attached to a stand which moves 

horizontally from P1 to P15. At each point, the probe 

moves vertically to acquire parameters at each height. 

Average values of the thermal condition parameters were 

specified for each point the following thermal 

environment parameters: air temperature (ta), air velocity 

(νa) and relative humidity of air (RH). The measurements 

were performed at August where the heat gain is the 

biggest issue. For each measuring point the following 

conditions were assumed: measurements were allowed 

only when surgical procedures were over, during 

measurements general lighting were switched on, 

operating room doors were kept closed and ventilation and 

air-conditioning system was on.  

 
(a) 

 
 

(b) 

Fig. 3. (a) Measuring points on each horizontal plane in the OR and (b) 
Section plane of the OR indicates seven horizontal planes. 

Fig. 4. Setup of measuring instruments. 
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V. RESULTS AND DISCUSSION OF MEASUREMENTS 

A. Environmental parameters 

Studied cases of OR are represented in Table 4. For each 

case, both of inlet air temperature and velocity were measured 

at 24 measuring points at the supply ceiling diffusers. Then, 

the values of each case were averaged. The supplied air is 

certainly a bit colder than the average room temperature with 

a value less than 1oC, which means that it has a negative 

buoyancy and will gain speed and contract as it drops into the 

room. The downward direction of the supply airflow and 

supply to room air temperature difference required for meeting 

the space cooling load produces a mixed convection condition 

that is sensitive to the Archimedes number. Archimedes 

number can be described as the ratio of the buoyancy force to 

the momentum force. Here in our case, since the inlet air 

velocity is constrained by the air change rate and the velocity 

is high enough to drive the supply air jet by momentum more 

than buoyancy. As indicated in Table 4, the buoyancy force 

has a quite effect on the supplied air velocity as the buoyancy 

force is a function of the supply air to room air temperature 

difference. Therefore, as the temperature difference increases 

the acceleration of the supply air jet increases. Taking into 

consideration that there are no thermal plumes sources against 

the downward airflow during measurements. 

 
Table 4. Studied cases of OR. 

Cases Average 

Inlet Air 

Temperature 

(oC) 

Average 

Room Air 

Temperature 

(oC) 

Average 

Inlet air 

Velocity 

(m/s) 

Case 1 17.5 18 0.365 

Case 2 18.5 19.1 0.36 

Case 3 19.5 19.8 0.35 

Case 4 20.5 20.7 0.318 

 

Fig. 5 and Fig. 6 present the air temperature and velocity 

measurement results through 105 measuring points in the 

OR distributed on seven planes 0.1, 0.5, 1, 1.5, 2, 2.5 and 2.9 

m. Every plane contains 15 points distributed on y-axis 

sequentially. Each graph compares four cases of inlet air 

temperature 17.5, 18.5, 19.5 and 20.5oC at specified plane. 

Point P1 has no value at levels of 2.9, 2.5, 0.5 and 0.1 m due 

to existence of the surgical light support and the base of the 

surgical bed, respectively. Fig. 5 shows that the higher air 

inlet temperature the higher room air temperature. Points 

P10, P11 and P14 have the highest temperatures near the 

ceiling due to the heat flux results from the ceiling lights.  

   

 
(d) 

  

(a) (e) 

`

`
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(b) (f) 

  

(c) (g) 

Fig. 5 Temperature distribution at different inlet air temperature at different elevations: (a) y=2.9m, (b) y=2.5m, (c) y=2m, (d) y=1.5m, (e) y=1m, (f) 

y=0.5m and (g) y=0.1m. 

 

According to Fig. 6 the supplied air temperature in all 

cases enters the OR with a velocity lower than 0.4 m/s, as 

the airflow goes down the air velocity increases and 

reaches its maximum value at level of 2 m from the floor. 

While the airflow draws down near the operating table, a 

reverse flow is produced over the operating table due to 

its bluff-body shape resulting in a detraction of 

downstream airflow velocity then the velocity continues 

decreasing till the airflow reaches the floor. P8, P9, P10 

and P11 around the clean surgical area recorded the lowest 

values of air velocity almost zero which indicating the 

presence of stagnant or dead zone in the surrounding of 

operating area extends from ceiling till 1 m above the floor 

level. Below 1 m level as indicated in Fig. 6(e) and Fig. 6 

(f), the measured airflow velocity showed a relative 

increase due to the extraction effect of exhaust grilles.  

Stagnant zone experiences inadequate local ventilation 

rates, subsequent accumulation of contaminates, and 

degrading of thermal comfort.  However, this does not 

prevent the appearance of dead zones. Proper selection 

and position of air return grilles would improve the room 

airflow pattern and result in more consistent airflow 

distribution and reduce such risk. The graphs in Fig. 6 

indicate that changes in inlet air temperatures have minor 

effect on the air velocities and airflow patterns inside the 

OR. 

 

 

 

 
(d) 
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(a) (e) 

  

(b) (f) 

  

(c) (g) 

Fig. 6 Velocity distribution at different inlet air temperature at different elevations: (a) y=2.9m, (b) y=2.5m, (c) y=2m, (d) y=1.5m, (e) y=1m, (f) y=0.5m 

and (g) y=0.1m. 

Fig. 7, Fig. 8, Fig. 9 and Fig. 10 present the 

distribution of the interesting variables air temperature 

and air velocity respectively by displaying respective 

interpolated filled color on orthogonal slice planes using 

Surfer software through field measurement data at levels 

of interest at y= 1.5 and 1 m from the floor. 

  

(a)  (c) 
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(b) (d) 

Fig. 7 Temperature contours in XZ-plane at y= 1.5 m at (a) tin=17.5oC, (b) tin=18.5oC, (c) tin=19.5oC and (d) tin=20.5oC. 

  

(a)  (c) 

  

(b) (d) 

Fig. 8 Temperature contours in XZ-plane at y= 1 m at (a) tin=17.5oC, (b) tin=18.5oC, (c) tin=19.5oC and (d) tin=20.5oC. 

 

  

(a)  (c) 
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(b) (d) 

Fig. 9 Air velocity contours in XZ-plane at y= 1.5 m at (a) tin=17.5oC, (b) tin=18.5oC, (c) tin=19.5oC and (d) tin=20.5oC. 

 

  

(a)  (c) 

  

(b) (d) 

Fig. 10 Air velocity contours in XZ-plane at y= 1 m at (a) tin=17.5oC, (b) tin=18.5oC, (c) tin=19.5oC and (d) tin=20.5oC. 

 

 

B. Thermal comfort in the operating room 

 

In this study, the primary goal is to improve thermal 

comfort inside the operating room by identifying the proper 

inlet air temperature which achieve the thermal comfort for all 

operating staff at the same time. Four cases of inlet air 

temperature were considered, which are indicated above in 

Table 4. PMV and PPD indices were proposed to evaluate the 

thermal comfort of the medical staff of the OR. Thermal 

sensations experienced by operating staff were described with 

the PMV index [32] according to requirements of ISO 7730 

standard [30]. Based on the measured and calculated 

environmental and human factors data, the PMV and PPD 

indices were determined and results of the calculations are 

presented in table 5 and plotted in Fig. 11 and Fig. 12. 

Fig. 11 shows plots of PMV values for each case 

mentioned in Table 4 at two levels of interest y= 1m and 1.5m 

from the floor. The averaged-PMV values were calculated at 

each level based on the magnitudes of air temperature, airflow 

velocity, mean radiant temperature and relative humidity for 

seven points located in the surgical clean area underneath the 

laminar airflow diffusers, together with occupants’ metabolic 

rate and clothing thermal resistance. Both of Fig. 11(a) and Fig. 

11(b) contains three PMV graphs, one for each medical staff 

group in which a comparison of PMV values at different 

supplied air temperature is showed.  
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Table 5. PMV and PPD results. 

Medical staff 

Group 
Inlet air temperature Elevation PMV Thermal sensation PPD 

Surgeons 
17.5oC 

1m 0.44 Very Comfortable 9.08% 

1.5m 0.38 Very Comfortable 8.06% 

18.5 oC 
1m 0.59 Comfortable 12.25% 

1.5m 0.48 Very Comfortable 9.9% 

19.5 oC 
1m 0.74 Comfortable 16.45% 

1.5m 0.68 Comfortable 14.67% 

20.5 oC 
1m 0.89 Slightly Warm 21.9% 

1.5m 0.86 Slightly Warm 20.7% 

Surgeon assistants 
17.5 oC 

1m 0.1 Very Comfortable 5.21% 

1.5m 0.03 Very Comfortable 5.02% 

18.5 oC 
1m 0.24 Very Comfortable 6.23% 

1.5m 0.15 Very Comfortable 5.48% 

19.5 oC 
1m 0.43 Very Comfortable 8.79% 

1.5m 0.34 Very Comfortable 7.44% 

20.5 oC 
1m 0.59 Comfortable 12.33% 

1.5m 0.56 Comfortable 11.65% 

Anesthetists 
17.5 oC 

1m -0.76 Slightly Cool 17.19% 

1.5m -0.8 Slightly Cool 18.48% 

18.5 oC 
1m -0.58 Comfortable 12.12% 

1.5m -0.65 Comfortable 13.93% 

19.5 oC 
1m -0.32 Very Comfortable 7.14% 

1.5m -0.43 Very Comfortable 8.85% 

20.5 oC 
1m -0.11 Very Comfortable 5.23% 

1.5m -0.05 Very Comfortable 5.05% 

 

 

 

(a) 

 

(b) 

Fig. 11 PMV index for four cases at (a) y= 1m and (b) y= 1.5m. 
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(a) 

 

(b) 

Fig. 12 PPD index for four cases at (a) y= 1m and (b) y= 1.5m. 

It can be observed from Fig. 11 that the group of 

surgeons (120 W/m2) felt ‘very comfortable’ at inlet air 

temperature of 17.5oC and 18.5oC and ‘comfortable’ at 

19.5oC, but the thermal environment was ‘slightly warm’ 

at 20.5oC. For the group of surgeons’ assistants (100 

W/m2), conditions would be perceived as ‘very 

comfortable’ at 17.5oC, 18.5oC and 19.5oC, but 

‘comfortable’ at 20.5oC of supplied temperature. In case 

of anesthetists (70 W/m2), they felt ‘slightly cool’ at 

17.5oC, ‘comfortable’, at 18.5oC and ‘very comfortable’ at 

19.5oC and 20.5oC. 

 

VI. CONCLUSIONS 

In this study, thermal comfort of operating staff in an 

OR was investigated under the current ventilation system 

as indicated. PMV and PPD indices were used to evaluate 

the thermal conditions according to ISO 7730 which 

calculated based on data collected from field 

measurements. Four inlet air temperature cases were 

studied in order to evaluate the airflow patterns and 

surgical thermal comfort and find the optimal supplied air 

temperature. The main findings revealed that: 

 The changes in inlet air temperatures have minor 

effect on the air velocities and airflow patterns 

inside the OR. 

 It is difficult to create a comfortable work 

conditions for all operating staff due to their 

different thermal requirements. 

 For the current ventilation system, supplied air 

temperature of 18.5oC provides almost 

comfortable conditions for all surgical staff. 

 For surgeons, they felt ‘very comfortable’ at inlet 

air temperature of 17.5oC and it should not be 

higher than 18oC. 

 In case of surgeons’ assistants, 17.5oC, 18.5oC 

and 19.5oC supplied air temperatures achieved a 

‘very comfortable’ thermal environment in 

addition to that it should not go higher than 

19.5oC. 

 The group of anesthetists felt ‘very comfortable’ 

at inlet air temperature of both 19.5oC and 20.5oC 

and it should not be below 19.5oC. 

In order to get a very comfortable thermal 

environment inside the operating room for all surgical 

staff, that could be achieved by controlling the thermal 

insulation of clothing for the same ventilation system and 

single specified inlet air temperature value or by providing 

differential supplied air temperatures. Those methods 

shall be examined in the future. 
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