Numerical simulation of thermal environment at different relative humidity levels in one
operating room of St. Olav’s hospital
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Abstract

This study investigated the influence of three different levels of relative humidity, 20%, 40%,
and 60% on the thermal comfort of surgical patient and staff in one operating room of St.
Olav’s hospital with mixing ventilation. The results of computational fluid dynamics (CFD) are
used to calculate the Predicted Mean Vote (PMV) and the Predicted Percentage of Dissatisfied
(PPD) values in order to evaluate the thermal comfort levels of surgical patient and staff. The
calculated values of PMV and PPD indicate the thermal environment may be acceptable for
the patient with different relative humidity levels, while surgical staffs feel always warm in all
three scenarios.

Introduction
Human beings spend approximately 90 % of their time indoors [1]. Indoor air quality and

thermal comfort are two important aspects that need to be taken into account when design
the indoor environment. Indoor environments like healthcare facilities and hospitals, where
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the work performed could be potentially life-saving, it is especially important to ensure
desired indoor environment quality. Bad indoor environment quality many increase the risk
of life-threatening diseases and infections for the patient, such as Surgical Site Infection (SSI)
[2]. The thermal comfort can be expressed as an indicator that shows how people may be
satisfied with the thermal environment [3]. If thermal discomfort is experienced it can lead to
less productive working conditions as the employees may be feeling too warm or too cold. An
Uncomfortable indoor environment may in turn cause health symptoms, like headaches,
dizziness, concentration problems, apathy, and tiredness [4]. The work performed by the
surgical staff is very important, and will potentially improve the life quality of people. Desired
indoor environment should be achieved to ensure improved thermal comfort level for all the
members of the surgical staff without compromising the patient thermal comfort.

In an ideal case, the indoor environment should satisfy all human beings that would feel
thermally comfortable all the time, but according to Ole Fanger [5], that is not physically
possible. This study will investigate, the thermal comfort level of surgical staff and patients
under different relative humidity level in an OR at St. Olav’s hospital by using computational
fluid dynamics simulation (CFD). CFD simulations are performed to analyze important thermal
environmental factors such as air temperature, relative humidity, air velocity, heat
distribution, and airflow patterns in an operating room.

Computational Fluid Dynamics

CFD is an engineering tool derived from different disciplines of fluid mechanics and heat
transfer [6]. Computational Fluid Dynamics (CFD) offers the same flexibility as the analytical
methods and a lot of the detailed accuracy of the experimental methods [7].
Renormalized Group (RNG) k-€ model, which is used in this study, gives better predictions
due to the lower amount of entrained air, compared to the standard model. The idea of
the RNG k-£ is to filter out the smallest eddies [8].

Simulation conditions

The study is composed of three scenarios. Scenario 1 is also referred to as the base,
whose values are validated by measurement. Scenarios 2 and 3 use different relative
humidity levels. This is based on the fact that the operating room ventilation standards
indicate that the relative humidity should range from 30 to 60%. However, the
investigated operating room at St. Olavs has a low relative humidity of 20% within a
period of the year. Supply air velocity, relative humidity, and supply air temperature are
presented in Table 1.
Table 1: Simulation scenarios

Supply air temperature

Case No. °c] Relative humidity [%] Supply air velocity [m/s]
Scenario 1 23 20 2.86
Scenario 2 23 40 2.86

Scenario 3 23 60 2.86




Geometry

The geometrical model is made based on the real geometry of operating room 1 in the AHL
departmentat St. Olavs Hospital with some simplification of medical equipment. The model is
illustrated in Figure 1. The dimensions of the room are given in Table 2.

Figure 1: The geometry of the operating room at St. Olavs

Table 2: Room dimensions of the simulation model

Geometry Value:
Room length 79m
Room width 7.2 m
Room height 29m
Area inlet 0.6 m?

Area lower outlet 0.16 m?
Area upper outlet 0.078 m?

Results
Air velocity

One earlier study states that the acceptable measurements of air velocity in relation to
thermal comfort should be down to below 0.1 m/s [9]. According to the operating room
ventilation standards, VDI, a German standard, it requires that the air velocity in an operating
room should be a minimum of 0.2 m/s. In this study, the simulated results show the air
velocity is lower than 0.1 m/s in most of the room (see Figure 2). While at some specific
locations, like close to the diffuser and above the surgical wound area, the air velocity is
higher than 0.1 m/s.. The average air velocity in all scenarios is approximately 0.09 m/s, which
is within the thermal comfort guideline. None of the air velocity magnitudes are above 0.2
m/s, as required by VDI. The air velocities for each scenario are presented in Table 3.
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Figure 2 Air velocity of the cross-section plan of patient and anesthesia

Table 3: Summary of the air velocities

Role Scenario 1 Scenario 4 Scenario 5
Surgeon 0.10 m/s 0.10 m/s 0.10 m/s
Assistant surgeon 0.10 m/s 0.10 m/s 0.10 m/s
Sterile nurse 0.08 m/s 0.08 m/s 0.08 m/s
Non-sterile nurse  0.10 m/s 0.11 m/s 0.11 m/s
Anesthesia 0.09 m/s 0.08 m/s 0.08 m/s
Patient 0.09 m/s 0.08 m/s 0.07 m/s

Air temperature

One study [10] states that the air temperature must never drop below 21°C for the patient.
This is to prevent discomfort and health risks for the patient. Simulation results observed in
table 4 it can be observed that the air temperature surrounding the patient is ranging
between 22.7°C to 27.5°C. For each scenario, it can be observed that the surgeon and
assistant surgeon are always experiencing the highest air temperature. This could be because
they are located right below the surgical lamps and due to their high metabolic rate. The
highest increase of temperature is for the anesthesia, where the air temperature increases
by 0.5°C, from 24.4°C in scenario 1 to 24.9°C in scenario 3. Figure 3 shows that surgical lamps
significantly heat of surgical site of patient for all three scenarios.
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Figure 3 Air temperature of the cross-section plan of patient and anesthesia

Table 4: Summary of the air temperatures close to patient and staff

Role Scenario 1 | Scenario 2 | Scenario 3
Surgeon 25.6°C 25.4°C 25.6°C
Assistant surgeon | 25.6°C 25.4°C 25.6°C




Sterile nurse 24.8°C 25.1°C 25.2°C

Non-sterile nurse | 24.8°C 25.0°C 25.1°C
Anesthesia 24.4°C 24.7°C 24.9°C
Patient 25.0°C 25.3°C 25.2°C

Relative humidity

Table 5 show the simulated results of three scenarios of relative humidity. The variations in
the relative humidity within each scenario are relatively small. The maximum difference
between the highest and lowest value is found in scenario 3. The surgeons have a surrounding
relative humidity of 59.1% while the anesthesia has a surrounding relative humidity of 60.2%.
For all cases except scenario 1, the surgeons, patient, and the anesthesia in scenarios 2 and
3, the surrounding relative humidity is lower than the supplied relative humidity. Figure 4
show the relative humidity distribution is to similar for all scenarios. The relative humidity is
decreasing with increasing height which also occurs with temperature while the stratifies.
This corresponds well with findings from a study conducted by Liu et al. [61]. In that study, it
was found that for the surgical staff, the head experienced a relative humidity was lower
while the rest of the body experienced a relative humidity was higher.
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Figure 4 Relative humidity of the cross-section plan of patient and anesthesia

Table 5. Summary of the relative humidity close to patient and staff

Role Scenario 1| Scenario 2 Scenario 3
Surgeon 21.0% 39.4% 59.1%
Assistant surgeon 21.0% 39.4% 59.1%
Sterile nurse 20.8% 39.3% 59.8%
Non-sterile nurse 20.8% 39.3% 59.8%
Anesthesia 20.9% 39.9% 60.2%
Patient 20.2% 39.4% 59.5%

PMV and PPD

The result observed in Table 6, none of the people present in the operating room experienced
a PMV in the range 0.31 — 0.35, which Liu et al. found in their study, while their the relative
humidity was between 59-60 % and the air temperature ranged from 24.5 to 27°C. Another
study, conducted by Van Gaever et al. [11], found that the optimal value of PMV for the
surgeon, assistant surgeon, nurses, and anesthesia in the operating room is 0.21, -0.30, -0.46,



and -0.5, respectively. None of the members of the surgical staff in this study obtained a PMV
close to the optimal value found by Van Gaever et al. According to ASHRAE, an acceptable
thermal environment for general thermal comfort is achieved when the PMV lies within the
range of -0.5 < PMV < +0.5 [1]. Based on this guideline, it is just the patient that has obtained
general thermal comfort in scenarios 1, 2, and 3. All the members of the surgical staff have
values of PMV that are outside the range given by ASHRAE.

Table 6. Calculated PMV and PPD based on simulated results

1 2 3

Surgeon 1.39 1.39 1.41

Assistant surgeon 1.39 1.39 141

Sterile nurse Non-sterile 1.08 1.11 1.14

PMV [-] nurse 0.99 1.02 1.04
Anesthesia 0.91 0.95 0.99
Patient -0.43 -0.33 -0.27

Surgeon 29.3 29.3 29.7

Assistant surgeon 29.3 29.3 29.7

Sterile nurse Non-sterile 23.0 23.7 24.2

0,

PPD [%] nurse 21.0 21.5 22.0
Anesthesia 18.8 19.9 20.6

Patient 8.7 7.1 6.5

Conclusion

This study investigated the effect of relative humidity on thermal comfort by increasing the
relative humidity to 40 and 60%. By comparing the results of the three scenarios, it was found
that the thermal comfort level of the surgical staff is always between neutral and warm for all
three scenarios. The surgeon and assistant surgeon have the same value for PMV in both
scenario 1 and scenario 2. The difference between these two scenarios is that the relative
humidity is changed from 20% in scenario 1 to 40% in scenario 2. For the rest of the surgical
staff, the PMV is slightly increased from scenarios 1 to 3, while the patient experiences a better
thermal comfort level when the relative humidity is increased. These results would indicate
that it is possible to increase the relative humidity to 40% while the thermal comfort level
stays warm for surgical staff. Relative humidity of 40% is also in compliance with what Oslo
Universitetssykehus recommends for their operating rooms.
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