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ABSTRACT

Room air distribution in hospital operating rooms (OR) is critical to the effective functioning of surgical procedures, but
the air distribution patterns are governed by complex physics that are currently not well understood. Both qualitative
and quantitative flow visualization techniques were used to evaluate the room air distribution in a full-scale chamber
designed to simulate a hospital operating room. A laser sheet illumination technique was used to identify key features of
the room air distribution, and particle image velocimetry (PIV) was used to measure the velocity field in a plane cross-
ing the surgical site. Hospital operating rooms require the use of ASHRAE Group E diffusers in an array above the sur-
gical table, providing downward, unidirectional, non-aspirating air flow across the sterile region of the room. The sup-
ply air jet is characterized by complex physics, including annular shape, impingement, buoyancy, a large jet to room
aspect ratio, and recirculation. The large diameter of the jet relative to the room size makes the overall room air distri-
bution highly sensitive to the parameters of the supply air. The air distribution pattern in the room was found to have
relatively low velocity and turbulence near the supply air diffuser, but increasing velocity and turbulence in the shear
region at the edge of the supply air jet. Flow visualization and PIV methods both demonstrated an angle of the shear
layer inwards towards the center of the jet. This flow feature reduces the overall coverage area for the sterile air flow
and may pose a risk to the protection of the surgical patient.
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1. Introduction necessary to the optimal functioning of the operating
room. The most critical design parameter of the operating
room has been the design of the supply air diffusers.
Early operating room ventilation designs, prior to
1950s, used sidewall diffusers and low-mounted grilles
on the opposing walls to provide air for comfort condi-
tioning. At this time, the interaction between indoor air
quality and infectious disease transmission was begin-
ning to be understood. Modern operating room ventila-
tion systems are based on the original laminar flow
cleanroom design by Whitcomb and Clapper [1]. The
cleanroom was originally designed for the manufacturing
of nuclear weapons in the 1960s, but the system was also
believed to be appropriate for the reduction of airborne

Hospital operating rooms (OR) have unique requirements
for indoor environment design, including sterile air flow
for infection control, the ability to provide large cooling
loads for handling heat gains from medical equipment,
and achieving thermal comfort for varying activity levels
and levels of dress. The consequences of poor ventilation
design in operating rooms can be very severe, leading to
higher infection rates among patients and reducing the
performance of the surgical staff. The proper design of
hospital operating room ventilation systems is therefore
critical to both the comfort of the surgical staff, and more
importantly to the health of occupants and outcomes of
surgical procedures. The types of occupants range from

anesthetized patients to heavily dressed surgeons with
lead vests for x-ray protection. It has been nearly impos-
sible for heating, ventilation and air conditioning (HVAC)
engineers to meet all of the diverse requirements that are
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contagions. The main difference between the cleanroom
design and that used for hospital operating rooms is that
the diffusers are mounted only in the central region of the
room. This creates a sterile air flow in the center of the
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room that is separate from the outer perimeter of the
room. This seemed appropriate because the hospital op-
erating room contains a combination of sterile and non-
sterile objects and personnel, and the sterile air field pro-
duces an environmental delineation between these levels
of sterility. Other systems have been tested over time
[2-4], but the downward, unidirectional, non-aspirating
system originally based on Whitcomb’s design and re-
fined by Memarzadeh [5,6] has been proven to provide
the greatest reduction in surgical site infections, and is
currently the only system type allowed in ASHRAE
Standard 170-2008 [7]. ASHRAE is the American Soci-
ety of Heating, Refrigerating and Air-Conditioning Engi-
neers, and is responsible for setting standards in this area.

While both dilution and air flow patterns have been
deemed to be of critical importance [8], there is growing
desire to reduce outdoor air change rates and total room
air change rates due to energy concerns. The purpose of
this research is to evaluate the air distribution patterns of
typical operating room ventilation, so a discussion re-
lated to colony forming units (CFU) will not be made.

The main impact of a ceiling only partially covered
with supply air diffusers is that a free shear layer is cre-
ated along the edge of the supply air diffuser. The diffus-
ers are typically installed in an array above the surgical
table, using single 0.61 x 1.22 m (2 x 4 ft) diffusers. The
hydraulic diameter of the diffuser array is usually far
larger than in other occupied indoor environments, which
creates a significant perimeter for the shear layer. Oper-
ating rooms also typically have higher ceiling heights (~3
m or 10 ft) than other occupied spaces, which produces
larger length scales that influence the size of the largest
eddies in the room and the distances that a free buoyant
jet can accelerate before impingement.

The original clean room design used plug flow to pro-
duce a laminar (or low-turbulence) air flow to greatly
reduce the diffusion of particles throughout the room.
This lowered transmission of generated particles to criti-
cal manufacturing components that are unusable when
contaminated. The downward air flow was chosen to
decrease the settling time of micron sized particles that
may otherwise stay airborne indefinitely. All of these
features of the clean room are also desirable for the re-
moval of infectious particles in the operating room. The
introduction of the free shear layer provides a feature to
create turbulence in the indoor environment.

The hospital operating room ventilation system has
been studied by numerous researchers [9-13]. Woods et
al. [14] used laboratory experiments to develop a simpli-
fied mathematical model of the contaminant transmis-
sion, using a two-zone method with the sterile and non-
sterile regions of the room. Lewis [4] proposed that lami-
nar flow air systems may cause particles to impinge
on the surgical site. Memarzadeh and Manning [5] used
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CFD to study the influence of various ventilation system
layouts on the incidence of infectious particles being
deposited in the surgical site. Later Memarzadeh and
Jiang [6] used computational fluid dynamics (CFD) to
study the influence of room geometry and ventilation rate
on the risk of particle impingement to the surgical site.
Most of the current studies solely rely on CFD and many
are based on the Reynolds-averaged Navier-Stokes
(RANS) equations with an eddy viscosity turbulence
model. While many eddy viscosity turbulence models
have been validated for many types of flow, there is still
a great need to validate these models in the case of oper-
ating room air distribution. The underlying physics of the
air distribution in ORs are significantly different from the
validation cases for the k-¢ turbulence models that are
typically used in indoor environments. There is still a
significant need for further experimental investigation of
the room air distribution in operating rooms in order to
better understand the mechanisms for room air patterns
and their influence on transport of infectious agents.

This research used both qualitative and quantitative
measurement of air flow in a full-scale laboratory cham-
ber that represents the indoor environment characteristic
of the operating room to investigate the essential physics
of the air distribution. A primary goal of this study was
the improvement of the understanding of the air distribu-
tion patterns and influences on the room air motion. This
knowledge may later be used to evaluate the operating
room air distribution performance based on particle tran-
sport via the indoor air. The main outcome of this re-
search is the determination of key design parameters that
significantly influence the air distribution patterns, and a
quantitative dataset of the mean flow and turbulence
quantities. Additionally, the data presented here are valu-
able for validating CFD models in order to further inves-
tigate the design of operating room air distribution sys-
tems in the computational domain.

2. Methodology

A full-scale operating room chamber was constructed for
conducting experiments to measure the fluid and thermal
conditions inside a typical operating room. The chamber
consisted of a 6.1 x 5.8 m (20 x 19 ft) room with 2.9 m
(9.5 ft) floor to ceiling height and typical furnishings and
heat sources. The walls and ceiling of the test chamber
were constructed with R-50 insulation, with R-30 insula-
tion covering the floor. The measurements were con-
ducted with a typical temperature of 18°C (65°F) at the
surface of the laboratory chamber, so the heat loss
through the envelope was approximately 12 W (42 Btu/
hr). The maximum conductive heat transfer through the
envelope was less than 1% of the sensible room cooling
load for the laboratory chamber and was therefore ne-
glected in the analysis. Thermal manikins were used with
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variable voltage internal heat sources. The ventilation air
was provided by a full-scale commercial air-handling
unit to a set of variable air volume terminal reheat units.
Each terminal unit had a modulating damper and duct
mounted air flow meter to provide balanced air flow to
each bank of diffusers. Room air flow was provided by a
set of commercial Group E diffusers mounted in the
ceiling in the center of the room. The air temperature at
the room center was controlled at 20°C (68°F) with 5%
fluctuation. The room air temperature can reach stability
within 1 - 2 hours. Due to the large volume of supply air
(i.e., 31.6 ACH—air change rate per hour), the move-
ment of personnel and existence of lighting fixtures only
had localized and short-period (<30 seconds) disturbance
to the entire room air environment. The room character-
istics for the laboratory chamber were chosen per Table
1.

The laboratory chamber (Figure 1) was set-up with
typical furnishings for operating rooms that act as block-
ages to indoor air flow as shown in Table 2. The thermal
characteristics of the room (shown in Table 3) were se-
lected based on a combination of design specifications
and field testing results. The characteristics are designed
to provide a baseline for a typical operating room, and do
not represent an extreme case (i.e. massive trauma sur-
gery, hybrid OR). This research does not intend to ex-
perimentally test the influence of heat gains due to peri-
ods of high occupant density or the use of diagnostic
imaging equipment in the OR. As not all conditions can
be accounted for in this research, the experiment specifi-
cations are limited to the necessities that are common to
all class B and C surgeries.

The effect of heat gains was implemented in the labo-
ratory chamber through a number of heat sources that
were designed to represent typical sources found in a
general surgical environment. The main heat gains inside
of the sterile region of the operating room come from the
surgical staff and surgical lighting. Outside of the sterile
region, the load is dominated by medical equipment (e.g.
anesthesia machine, c-arm x-ray).For a more detailed
analysis of the heat gains in a general operating room see
analysis of the heat gains in a general operating room see
recent work by the authors [15]. The laboratory experi-

Table 1. Laboratory chamber characteristics.

Parameter Range Value
Diffuser array dimensions 2.44 x3.05m
Diffuser face area 7.06 m*

ACH 31.6
Nominal face velocity 0.127 m*/s-m?
Room air temperature 20°C
Supply air temperature 18.3°C

Room pressurization +2.5Pa

Copyright © 2013 SciRes.

Figure 1. Full-scale laboratory chamber used for evaluation
of air distribution via flow visualization and PIV.

Table 2. Room object dimensions.

Parameter Range Quantity Dimensions, m
Surgical table 1 0.54 x 1.88 x 0.76
Back table 1 0.76 x 0.76 x 1.2
Anesthesia machine 1 0.76 x 0.76 x 1.2
Surgical lighting 2 0.58 diameter
Misc. equipment 1
Surgical staff 5 0.3x0.25x 1.7

Table 3. Room heat gains.

Parameter Range  Quantity Hea&/&;ain, Tempja éature,

Thermal manikin 5 75
Anesthesia machine 1 200
Misc. equipment 2 100
Surgical lights 2 250
Ambient lights 6 90

Patient surgical site 1 25.6

Patient skin 1 27.4

ment was designed to provide a fundamental under-
standing of the air distribution in the surgical environ-
ment, so exact heat sources were not the focus of this
study. The total heat gain (1817 W) was designed to be
in the range of the typical operating room and the pri-
mary heat sources were located in the approximate loca-
tions in the indoor environment. The supply air tempera-
ture difference to meet the steady-state cooling load was
1.8°C (3.2°F).This represents a moderate cooling load for
an operating room. There are a number of instances (e.g.
trauma, imaging equipment) in which the cooling load
and temperature difference would be significantly higher
than this case. The heat gains and quantities in Table 3
were present for all flow visualization and PIV experi-
ments presented in this paper.

The heat gains from the surgical staff were implemented
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in the laboratory experiment using manikins with vari-
able internal heat sources that were controlled using a
variable voltage source to achieve a desired heat output.
A total of five thermal manikins were used to represent
typical surgical staff members (i.e. surgeons, nurses, and
anesthesiologist). The density of heating elements was
arranged to provide an approximate desired surface tem-
perature for the manikins. The manikin surface heat tem-
perature distribution was calibrated using thermal model
data compared to real-life subjects for accuracy.

The patient manikin was constructed using a medical
manikin with a wound simulator located on the left leg to
represent a typical surgical procedure seen in orthopedic
surgery. The wound simulator was constructed from
three individually controlled heating elements that were
modulated using a proportional integral feedback con-
troller with pulse width modulation to maintain a con-
stant surface temperature on the heating elements. This
allowed the specification of a constant surface tempera-
ture for both the surgical wound and the surrounding skin.
The wound simulator provided an approximate represen-
tation of the thermal conditions observed in actual surgi-
cal cases, where the exposed portion of the body has a
normal skin temperature and a surgical wound tempera-
ture. The remainder of the body is typically covered with
sterile draping and was assumed to be adiabatic with the
room environment.

2.1. Flow Visualization

Flow visualization is a popular method for obtaining
qualitative and quantitative data describing an indoor air
flow. Most indoor air flows are defined by relatively
large scales and three-dimensional flows that can be dif-
ficult to describe with point measurements. This makes
planar flow visualization techniques an appropriate me-
thod for evaluating the characteristics of the flow field.
Researchers have been utilizing new techniques origin-
ally developed for studying fundamental fluid mechanics
to better provide better understanding of the characteris-
tics of indoor air flows [16]. Two types of flow visuali-
zation techniques were used to evaluate and measure the
flow field over the patient area. The boundary marking
laser sheet illumination technique was used extensively
to determine key flow features in the operating room by
capturing digital photographs of seeded particles. This
method proved to be appropriate for indoor air flows in
operating rooms as it produced planar, time-resolved
images that could be easily compared with PIV and CFD
results. Particle image velocimetry was also used to ob-
tain quantitative values in the planar region across the
surgical site and within the sterile region of the room.
The boundary marking technique was used to visualize
several flow features in the room. This paper will focus
on the wake around the surgical light and the free shear
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layer at the interface between the non-sterile air and the
sterile jet. The most successful implementation of the
boundary marking technique was achieved by completely
filling the laboratory chamber with stage fog and intro-
ducing unseeded air from the ventilation system. This
provided a clear distinction in the flow visualization im-
ages of the interface between the sterile and non-sterile
air flows. It additionally provided information regarding
turbulent mixing that occurs in this region as a function
of the luminous intensity in the interface region. This
technique was particularly successful due to the ease of
setup and small amount of time required to collect data
when compared with the particle image velocimetry tech-
nique.

2.2. Particle Image Velocimetry

Two-component particle image velocimetry (PIV) was
used to measure the air flow in the sterile region of the
full-scale laboratory chamber. PIV measurements pro-
vide velocity vector measurements at sampling rates
greater than 1 Hz with high spatial resolution. PIV has
been widely used for studying indoor air flows and has
become increasingly popular over the past decade [17-
20]. This technique is excellent for studying indoor air
distribution, because data at numerous locations are cap-
tured in a single measurement.

The seeding material used was a water-glycol based
theatrical stage fog chosen for its ability to accurately act
as a tracer for the air flow. The fog droplets have diame-
ters on the order of 1 um [21]. It was injected at the air
handling unit in order to achieve neutral buoyancy and
well-mixed conditions at the diffuser outlet. The PIV
measurements were captured in a two-dimensional plane
across the surgical site of the patient using a camera
mounted normal to the laser sheet, as shown in Figure 2.
A New Wave Solo 120 mJ Nd:YAG laser at a wave-
length of 532 nm was used for the light sheet. Images
were recorded by a TSI PIVCam 138 Model 630047
camera with 1K x 1K resolution. TSI Insight 3G PIV
software was used to capture and process the series of
digital image pairs using a dual frame capture method.

Supply Air

Lasersheet
Plane

Return Air

PIV Camera  6i0m—
Field of View

Figure 2. Schematic of flow visualization and PIV experi-
ment layout.
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The images were separated by 4000 ps between frames.
A standard Nyquist grid was used with a central differ-
ence offset scheme and a correlation window spot size of
128 x 128 pixels. This window size helped to reduce the
computing time necessary for calculating the large num-
ber of datasets, while still providing an accurate repre-
sentation of the flow field. The image pair correlation
was calculated using a fast Fourier transform (FFT) algo-
rithm, and sub-pixel accuracy was provided with a Gaus-
sian fit. The laser sheet was approximately 5 - 6 mm
thick in the field of view region in order to reduce the
quantity of through-plane particles that contribute to par-
ticle dropout.

The overall flow field was compiled from individual
PIV measurement images across the sterile field. The
field of view for a single PIV image was 0.320 m wide
by 0.256 m high requiring a measurement grid of 5 im-
ages wide by 8 high to cover half of the sterile region of
the room, as shown in Figure 3. The air distribution was
tested for symmetry in order to reduce the number of
measurements required to evaluate the flow field. This
consisted of a comparison of flow normalized luminous
intensity values from flow visualization images taken at
the shear layer boundary. Three sets of data were com-
pared (right and left sides of edge of diffuser array) at
four vertical locations across the image (200, 250, 250,
and 450 mm below the diffuser face), as shown in Figure
4. Luminous intensity values across the shear layer were
deemed adequate to make the assumption of symmetry
for the supply air jet.

A minimum of 1000 PIV images were collected at
each measurement location with a pulse repetition rate of
3.63 Hz in order to calculate the mean flow characteris-
tics and turbulence statistics for each individual location.
The overall flow field was then produced by mapping the
data at the individual locations to the room geometrical
locations. A standard procedure was used to capture the
data. Measurements were collected at each measurement
location on multiple days to assist in removing any bias
error.

5L ‘ Supply Air
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E f ™ ——Els PIv
= f { = il = Grid
N \—_:11 g -
{r\'( [ i R
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Figure 3. Schematic showing location of image captures for
evaluating the flow field over the sterile region of the oper-
ating room.
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Figure 4. Comparison of flow visualization luminous inten-
sity from left (L) and right (R) sides of the supply air jet at
four vertical locations.

3. Results
3.1. Flow Visualization

Initial flow visualization images showed that the area of
the flow field at the perimeter of the diffuser array is
critical to the performance of the sterile air field. This
region contains a free shear layer formed by the bound-
ary of the supply air jet with the still air in the surround-
ing region. This free shear layer forms a boundary be-
tween the sterile and non-sterile air regions of the room,
as well as being an area for the production of turbulence
in the supply air. Laser sheet illumination using the
boundary marking technique was then used to capture
details of the free shear layer by seeding the room air
with stage fog and introducing non-seeded supply air into
the room. This technique allowed the shear layer to be
visualized and provides details of the eddies, as shown in
Figure 5; the supply air jet is on the left, and the seeded
room air is on the right. The image shows that a signifi-
cant amount of mixing is occurring in the shear layer and
that the direction of the shear layer angles inwards to-
wards the surgical table.

In addition to the turbulence production and entrain-
ment properties of the free shear layer, the central void
caused by the lack of diffuser in the surgical light boom
location creates a square, annular jet. Annular jets have a
number of unique characteristics that differentiate these
types of jets from standard round or rectangular jets.
Boehler [22] studied annular air jets in the context of
ground pressure effects in detail and discovered that
these jets converge due to a pressure cavity that exists in
the annular region. The annular supply air jet found in
the typical operating room is described as both impinging
and confined, which contribute to further complexities in
the physics of the flow. The authors are not aware of any
thorough study of these types of jets related to indoor
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Figure 5. Image of boundary marking technique applied at
the interface between the non-sterile region (left) and the
sterile region (right) of the room used to demonstrate the
angle of contraction of the free shear layer at the perimeter
of the supply air jet. The image width spans approximately
0.5m.

environments and they behave far differently than the
typical circular or rectangular jet that is commonly used
in indoor air distribution.

Other objects in the OR influence the local air flow in
the vicinity of the sterile occupants (e.g. scrub nurse,
surgeons, patient). The influences of the surgical lights
and light support booms have been of great interest to
engineers. The heat gains for surgical lights have been
reduced dramatically in recent years with the advance-
ment of LED lighting technology, but there are still a
large number of surgical lights that use halogen lamps in
use. These surgical lights produce large heat gains (~200
- 500 W), which result in surface temperature of ap-
proximately 40°C (105°F). Observations made of the air
flow around a halogen type surgical light in the present
study showed that there is a stagnation zone near the lens
of the light head due to the heat gains from the lamps.
Figure 6 shows the wake around a surgical light that is
placed partially in the sterile air jet using the boundary
marking technique. The non-sterile air is seeded and un-
seeded air is introduced into the sterile region. The sur-
gical lights are typically located behind the head of the

Copyright © 2013 SciRes.

Figure 6. Image of boundary marking technique showing
the wake over a surgical light placed partially underneath
the supply air flow. The jet centerline is to the left of the
image. The image spans 1.2 m.

surgeon at the perimeter of the sterile air field. Figure 6
illustrates how the light wake may create a major disrup-
tion in the shear layer position as the recirculation zone
below the light entrains room air. In any case, the turbu-
lent mixing that will occur due to the wake reinforces the
concept that these lights should not be located above the
patient or near any sterile objects.

3.2. Particle Image Velocimetry

Determination of the indoor air flow field is critical for
understanding of the flow characteristics of the room air
distribution and for the development and validation of
computational fluid dynamics models. PIV images were
acquired at 38 locations underneath the sterile flow field,
between the surgical table and the diffuser. Statistical
measurements were calculated from over 1000 realiza-
tions at each location. The total PIV dataset contained
over 13 million individual data points. Figure 7 shows a
histogram of all of the measured velocities in the dataset.
The majority of the measured velocities are below about
0.2 m/s (39 fpm), but a significant number of the values
are above the desired value of 0.127 m/s (25 fpm). The
histogram shown in Figure 8 demonstrates that when the
velocity is averaged at each measurement location the
maximum average velocity is less than 0.3 m/s (59 fpm).
The velocity values above 0.3 m/s are due to turbulent
fluctuations. This means velocity histogram also shows a
flat distribution except at the low velocities. This is due
to velocities in the jet region being in the range of 0.2 -
0.3 m/s, whereas the velocities in the recirculating region
were less than 0.2 m/s.

The flow field in the operating room demonstrates a
dramatic velocity component inward towards jet center-
line and thus the surgical table. Figure 9 shows the air
pattern directs from the perimeter of the diffuser array
inward towards the patient location and then curves out-
wards from the center of the room upon impingement
with the surgical table. This air distribution pattern
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Figure 7. Histogram of all measured velocity magnitudes
collected from PIV data.
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Figure 8. Histogram of velocity magnitude averaged at each
measurement location.

allows non-sterile air to flow over the surgeons. These
staff members are scrubbed-in and are required to remain
sterile during the surgical procedure. This air distribution
pattern produces concerns that the ventilation may not be
adequately protecting the surgeons from airborne patho-
gens in the non-sterile region. Typical isothermal jet flow
contains an inertial core near the outlet of the jet fol-
lowed by a decay region, but the velocity contours shown
in Figure 10 describe a jet with a low velocity near the
outlet of the diffuser and with a high velocity region in
the free shear region of the jet. A second high velocity
region is seen in the area to the side of the patient. This
region may be due to interaction with the surgical table.
The non-sterile region of the room is characterized by
recirculating flow with very low velocities (<0.05 m/s
(10 fpm)). A secondary small recirculation region is lo-
cated just below the surgical light boom and is created by
low pressure in the inner recirculating region.

Figure 11 shows the RMS velocity fluctuations in the
flow field. The magnitude of the fluctuations follows the
contour maps for the velocity magnitude in the jet re-
gion. Significant fluctuations (>0.2 m/s) are found in the

Copyright © 2013 SciRes.
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Figure 9. Velocity vectors in the plane intersecting the cen-
ter of the room in the sterile region above the patient.

shear region of the flow.

Turbulence intensity contours, shown in Figure 12,
provide further demonstration of the turbulence produc-
tion in the shear layer. Turbulence intensity in these fig-
ures is defined as the root mean square velocity fluctua-
tion, divided by the local mean velocity.

The turbulence intensity is below 10% in the area near
the diffuser, but quickly increases as the annular jet
forms and begins to contract. The turbulence intensity is
quite high in the non-sterile region (40% - 60%), but this
is a factor of the velocity being quite low. The fluctua-
tions in this region are therefore of negligible velocity.

4. Conclusions

This research showed that the air flow pattern in a hospi-
tal operating room with an annular air distribution pattern
is characterized by complex physics that cause the jet to
contract inwards towards the centerline. This location is
coincident with the typical location of the patient, likely
exposing the patient to non-sterile air. The physics of the
indoor air distribution include impingement, recircula-
tion, annular flow, free shear layer flow, and buoyancy.
While laminar flow may be achievable with a distribu-
tion system that fully covers the ceiling and plug flow,
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Figure 10. Normalized velocity magnitude contours in the
plane intersecting the center of the room in the sterile re-
gion above the patient.
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the smaller ceiling coverage areca and lower air speeds
used in the modern operating room produce a flow in the
turbulent regime. The air flow may be characterized by
generally low air velocities with significant curvature and
higher velocities at the edge of the sterile region. The
contraction of the jet is likely a direct consequence of an
annular design. If the inlet diffuser array is made con-
tinuous by moving the light attachment locations to the
outer edge, the jet contraction may be mitigated, al-
though additional study will be needed to verify this.

The primary source of turbulence production in the
operating room is the free shear layer at the edge of the
diffuser array. The turbulence characteristics of the sup-
ply air jet from the diffusers is important to the turbu-
lence in the jet flow, but the undesirable mixing of sterile
and non-sterile air occurs at the interface between these

Copyright © 2013 SciRes.
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Figure 12. Turbulence intensity contours in the plane inter-
secting the center of the room in the sterile region above the
patient.

regions of the room. The turbulence intensity is therefore
much greater downstream of the diffuser as turbulence is
produced in the free shear layer.

The downward direction of the supply air jet and the
supply-to-room air temperature difference required for
meeting the space cooling load produces a mixed con-
vection condition, and buoyancy may play an important
role. Since the velocity is typically constrained by the
required air change rate and face air velocity, the pa-
rameter that has the greatest operational flexibility is the
supply air temperature difference. The trend in operating
rooms is towards higher cooling loads to meet the addi-
tional heat gains of modern medical equipment. The sup-
ply air to room air temperature was fixed in this research,
but further study is required to better understand the im-
pact of this parameter on the overall air distribution pat-
tern.

The inlet flow conditions of the supply air appear to be
less important to the overall room air distribution than
the layout of the air distribution system. While low ve-
locity and low turbulence inlet conditions may exist, the
supply air jet may increase in velocity and turbulence
upon reaching the surgical table. Additional research is
required to better understand the contributing factors to
the increase in velocity in the shear layer region.

This research was conducted on a simple steady-state
representation of a basic surgical environment. In reality,
the operating room contains numerous transient phe-
nomena that may cause significant changes to the time
resolved indoor air distribution pattern (e.g. opening of
door). Other transient phenomena (e.g. wakes, start of
surgery, movement of surgeons, and cauterization of sur-
gical wounds) may also have significant influences on
the indoor air distribution patterns, and require further
study in order to understand the implication on indoor air

quality.
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