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Our previous study [1] demonstrated that for a thermal manikin in a horizontal airflow, its orientation
relative to the free stream has a significant effect on the characteristics of particle transport and inha-
lation. Based on this conclusion, the previous research [1] was extended and the effect of leg posture (e.g.
combined legs and divided legs) on particle inhalation in horizontal free stream was investigated using
Computational Fluid Dynamics (CFD) in this study. The numerical results agreed well the experimental
data and empirical correlations in the literature. It was revealed that for an occupant standing with its
back towards the horizontal airflow, a little change in the leg posture can lead to an obvious variation in
the source location of inhaled particles. It was also found that different leg postures have different
environment sensitivity since when the manikin legs are divided, the central height of the critical area
does not obviously change with increasing wind speed, however, this central height increases signifi-
cantly with the wind speed when the legs are combined.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The human thermal plume, which is the buoyancy-driven
convection in the vicinity of a human body induced by the
humanmetabolic heat, has been recognized as an important role in
affecting indoor air quality (IAQ) and thermal comfort. Experi-
mental evidences [2e4] demonstrated that the human thermal
plume can produce a vertical air velocity up to 0.25m/s in quiescent
air, which is roughly equal to the average wind speed in most
modern indoor environments (0.05e0.25 m/s according to Baldwin
andMaynard [5]). Furthermore, thanks to the rapid development of
low-power office/home devices such as LCD screens and halogen
lamps, it is believed that the thermal plume generated by the
occupants would be the major thermal flows in a future indoor
environment [6]. Therefore, it is reasonable to expect that the
thermal plume may obviously affect the airflow pattern in the
vicinity of a human body and play an important role in pollutant
transport in indoor environments.
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IC 3083, Australia. Tel.: þ61 3

All rights reserved.
In recent years, with increasing awareness of the hazards caused
by particulate contaminants (e.g. PM2.5), the role of thermal plume
in transporting aerosol particles in indoor environments, especially
in the vicinity of the human occupants, has become an important
research interest. Rim and Novoselac [7] measured the particle
concentration around a breathing thermal manikin seated in quasi-
quiescent air. It was found that due to the entraining effect of
thermal plume on aerosol particles, the inhaled particle concen-
trations were up to 4 times higher than the ambient concentrations
when the particle source was located at floor level and in near
proximity to the manikin. This indicated that the thermal plume
plays an important role in transporting pollutants from the floor
level into the breathing zone. However, the practical situations are
much more complicated since the thermal plume around a human
occupant is subjected to many factors such as the indoor airflow
pattern and temperature, furniture layout, as well as personal
factors including activity level, body posture, clothing design and
even the level of baldness [6]. Any factor that may have an effect on
the thermal plume is expected to indirectly change the character-
istics of particle transport and inhalation. This is especially true for
fine and ultrafine particles as their movement is mostly controlled
by the airflow field [8].

Among these factors, the orientation of an occupant relative to
the ventilating airflow, which may be affected by the ventilation
system layout and the occupant location in a room, is an important
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Fig. 1. Computational thermal manikins employed in this study..
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one. Due to the limitation of the extreme complexity, horizontal
airflow was widely assumed in previous studies [1,9,10] to simplify
the issue. A CFD computation by Hyun and Kleinstreuer [10]
revealed that for an occupant standing in a horizontal free
stream, the concentration of inhaled pollutant is jointly influenced
by the location of pollutant source and the occupant orientation. A
recent CFD investigation by the authors [1] further proved that
when an occupant is back-to-the-wind oriented in a horizontal
airflow, its breathing zone is located in the thermal plume region
which is on the downstream side of the occupant and the charac-
teristics of particle inhalation are highly impacted by the body heat.

Apart from this, the body posture seems to be another impor-
tant factor which deserves a great importance. The experimental
measurements by Kurazumi et al.’s [11] demonstrated that the
body posture has a significant effect on the heat transfer coefficient
between a human body and its surroundings, which hence leads to
different thermal flow intensity around the human body. In addi-
tion, Hayashi et al. [12] conducted a numerical investigation of
contaminant inhalation through the mouth in a displacement
ventilated environment. Thermal manikins with different body
postures including standing, sitting and lying were studied. It was
found that when an occupant is standing or seated, the inhaled air
is delivered from the area close to the floor and then drawn upward
into the breathing zone by the thermal plume. However, when the
occupant is lying, the thermal plume seems to have no significant
effect since the inhalation region extends horizontally out from the
head. These experimental and numerical evidences indicate that
the body posture may have a significant effect on the pollutant
transport and inhalation characteristics in the vicinity of a human
body through affecting the thermal plume. Unfortunately, due to
the extreme complexity, the effects of body posture on particle
transport and inhalation under a thermal flow condition have not
been thoroughly understood and further research is still in need.

Therefore, based on the research outcomes yielded from our
previous study [1], this study is aimed to investigate the effects of
body posture on particle transport around and particle inhalation
by a thermal manikin standing in a horizontal free steam. The low-
speed horizontal wind tunnel and its boundary setup as shown in
Reference [1] were adopted in this study. Two thermal manikins
with slightly different body postures were employed, namely one
standing with its legs combined together while the other standing
with its legs divided. Based on the conclusion risen from our
previous study [1] that the thermal plume has no detectable effects
on particle inhalation when the manikin is facing-the-wind, the
manikins were arranged to be back-to-the-wind. For the purpose of
comparison, computations were also conducted with the
isothermal conditions. This study not only demonstrated that
a little change in the leg posture may lead to a significant difference
in the particle transport and inhalation characteristics, it also
indicated that different body postures have different environment
sensitivity. This may be of a great importance when assessing the
environment hazards associated with particle inhalation and to
find out an optimal body posture to avoid them.

2. Numerical methods

2.1. The thermal manikins

The thermal plume actually develops along the body surface
from the lowest body segments such as the feet. Therefore, the
layout of the heat-releasing body segments lower than the
breathing zone may have significant effects on the thermal plume
and particle transport into the breathing zone. Among them, the
legs seem to have important impact. Brohus and Nielsen [13] sug-
gested that for a CFD simulation of airflow around a standing
manikin in a low velocity space, it is important to include legs in the
simulation so that the transport path of contaminants could be
effectively simulated. In most of the previous CFD simulations of
airflowaroundastandingmanikin, the two legswereusuallyassumed
to be combined together and the gap between legs was neglected
[9,14].However, anumerical simulationbyHyunandKleinstreuer [10]
using a standing CTM with divided legs presented a totally different
airflowpattern in thevicinityof themanikin fromthat inReference [9]
which employed a combined-leg manikin. Gao and Niu [15] summa-
rized that if the human body faces a horizontal airflow, the gap
between the legswill allowair toflowacross the lower bodyandaffect
the entrainment of rising airflow which therefore affects the
contaminant concentration at the breathing level.

Therefore, in order that the effects of leg posture on particle
inhalation could be clarified, two slightly different thermal mani-
kins were employed in this study, as illustrated in Fig. 1. The two
manikins have exactly the same upper body segments while
slightly different leg segments. One manikin stands with its legs
combined (Fig. 1(a)) and the other stands with it legs divided
(Fig. 1(b)), which allows a gap of 0.0488 m2 between the legs. The
difference in the legs leads to slightly different surface areas of the
manikins, which are 1.329 m2 for the combined-leg one and
1.394 m2 for the divided-leg one, respectively. In addition, for the
dual purposes of an improved prediction accuracy in the breathing
zone and a reduced computational cost as recommended by Gao
and Niu [15], themanikin headswere carefully created based on the
anthropometric data of Tilley [16] while the other body segments
are simplified as blocks.



X. Li et al. / Building and Environment 60 (2013) 116e125118
2.2. Boundary conditions and numerical procedures

The horizontal wind tunnel (4 m-width � 7 m-depth � 3 m-
height) and its airflow conditions (26 �C evenly distributed hori-
zontal free stream with different speed of 0.05, 0.10, 0.15, 0.20 and
0.25 m/s, respectively) which were highlighted in our previous
study [1] are continued to be employed in this study. The tunnel
walls were assumed to be adiabatic. The manikins shown in Fig. 1
were oriented in the tunnel with their backs facing the free
stream, respectively, with one manikin for one computation. The
manikin was also properly placed with its nose tip located in
theX ¼ 0plane, as shown in Fig. 2. For inhalation simulation, the
periodic respirationwas neglected and a constant inhalation rate of
15 L per minute (LPM) representing a human light breath at light
activity conditions was equally applied at the manikin nostrils,
namely 7.5 LPM for each nostril. The validity of steady state
assumption has been discussed in our previous study [19] and is not
repeated here. For heat transfer modelling between the manikin
and its environment, the heat loss caused by respiration, evapora-
tion and radiation were ignored and only convective heat transfer
was taken into account. A constant temperature of 31 �C was
applied on the manikin surface, as recommended by Niu and Gao
[17] as well as by Sorensen and Voigt [18]. The manikin surface
temperature here is also in the human body surface temperature
range available in the literature [15]. In addition, for the purpose of
comparison, computations with isothermal flows were also
conducted.

Particles with fixed diameter of 1.0 micron and density of
1000 kg/m3 were released with the same speed of the free stream
from a circular region with diameter of 1.6 m and located in the
X¼�2m plane (namely 2.0 m upstream of the nose tip, Fig. 2). The
particle size of 1.0 micron was selected since the transport of
particles at this size is strongly controlled by the airflow field and
they are therefore easy to be inhaled [19]. The particle injection
region was located far enough from the nose tip plane so that the
particle trajectories could be fully developed before being affected
by the thermal plume. Such a big area of particle injection region
could allow locating the source of inhaled particles in a wide
parametric range. Computations demonstrated that the numerical
results were independent of the number of particle trajectories
when the trajectory number was over 50,000.

The incompressible NaviereStokes Equations are solved for the
airflow field and the particles are tracked through the airflow field
separately using the Lagrangian approach. The airflow turbulence is
modelled using the RNG ke 3model due to its successful application
in modelling indoor airflow and pollutant transport [17]. Details of
the theoretical models have been highlighted elsewhere [1,19] and
are not repeated here for brevity.
Fig. 2. Computational model setup.
The computational domain was discretized using unstructured
tetrahedral and prism meshes. In order to overcome the conver-
gence difficulty caused by the complicated manikin geometry and
to capture the effects of manikin geometry on the thermal plume,
20 layers of fine inflation meshes were created around the manikin
surface, as shown in Fig. 3. The grid sensitivity test proved that
mesh independence was achieved at around 4.0 million cells, with
the skewness of the cells and y þ value on the walls dropped below
0.8 and 0.78 respectively. The equations were then solved in ANSYS
CFX 13 using a segregated solver with an implicit formulation. The
residual values of the transport equations were set to converge at
10�5 or below for all simulation cases.

3. Results and discussion

3.1. Airflow field

For the purpose of quantitative comparison, air velocity distri-
butions in 2 planes and along 4 lines are analysed. The locations of
the planes and lines are illustrated in Fig. 4, where Plane 1 is
a vertical XZ plane at Y¼ 0 m and Plane 2 is a horizontal XY plane at
Z ¼ 0.43 m. Line 1 and Line 2 are vertical lines in Plane 1, which are
0.05 m and 0.20 m downstream of the nose tip, respectively. Line 3
and Line 4 are horizontal lines in Plane 2, which are 0.05 m
downstream and upstream of the legs, respectively.

Our previous study [1] demonstrated that for an occupant in
a horizontal free stream, the affected region of body heat is located
on the downstream side of an occupant, therefore, the occupant
orientation relative to the free stream becomes an important factor
deciding whether and howmuch the body heat has an effect on the
characteristics of contaminant transport and inhalation. The overall
airflow fields around a manikin [1] illustrated that when the
thermal manikin is back-to-the-wind, the air and contaminant in
its breathing zone is actually delivered by the thermal plume from
a lower level. In this study, the airflow fields in the breathing zone
of a leeward manikin under isothermal and thermal conditions
were further compared, as illustrated in Fig. 5(a) and (b), respec-
tively. It was found that when heat transfer was excluded from the
CFD model, there is a significant descending airflow in front of the
Fig. 3. Refined computational mesh around the manikin surface.
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nose, which is a result of airflow passing around the manikin head
from the top. The descending airflow is then partially inhaled
together with the airflow ascending from a lower height. However,
the inclusion of heat transfer in the CFD model presents a totally
different airflow field, as illustrated in Fig. 5(b). Due to the thermal
convection induced by body heat, the breathing zone is predomi-
nated by the uprising airflow. Therefore, the possibly inhaled
contaminant is expected to be delivered from a height lower than
the breathing zone. This is constant with many experimental
observations and numerical simulations such as those by Rim and
Novoselac [7] and Salmanzadeh et al. [20].

For the purpose of model validation, the airflow fields around
the manikins in Fig. 1 were compared against the experimental and
numerical results available in the literature. Heist et al. [21]
measured the airflow field around a child-size thermal manikin
(80 cm in height) using PIV technology. In their experiments, the
manikin standing with its legs combined was arranged to be back-
to-the-wind in a horizontal wind tunnel. In order that hydrody-
namic and thermodynamic similarities could be achieved in the
computational model with Heist’s [21] experimental setup, the
combined-leg manikin illustrated in Fig. 1(a) was leeward orien-
tated in the tunnel model and the model boundary conditions were
carefully chosen to produce an equal Reynolds number (Re¼ 5481)
and Richardson number (Ri ¼ Ge/Re2 ¼ 1.27) with those in the
experiments, respectively. Details of the computational procedures
could be found in our previous study [1]. The predicted airflow field
is compared against Heist’s PIV image [21] in Fig. 6. It was found
that there is a significant uprising airflow on the downstream side
of the manikin, which is a good agreement with the experimental
observation.

The airflow field around the manikin with divided legs is
compared with Hyun and Kleinstreuer’s CFD results [10]. In their
simulation, Hyun and Kleinstreuer [10] computed heat transfer
from a thermal manikin to a horizontal airflow. The manikin model
was facing-the-wind and standing with its legs divided. In order
than hydrodynamic and thermodynamic similarities were
Fig. 4. Locations planes and lines for analysis.

Fig. 5. Airflow vectors in the breathing zone (Plane 1, free stream speed 0.10 m/s).
maintained in the computation, the manikin shown in Fig. 1(b) was
arranged to be facing-the-wind and the boundary conditions were
carefully chosen. This is the only facing-to-the-wind case in this
study. The airflow fields around the manikins are compared in
Fig. 7. It was found that the airflow field yielded from this study is in
a good agreement with Hyun and Kleinstreuer’s numerical result
[10]. Similar to what shown in Fig. 6, there was a significant
uprising airflow on the downstream side of the manikin. However,
the gap between the legs allows airflow in the horizontal direction
flowing through it, which leads to a horizontal flow region existing
near the floor level and the uprising airflow existing only in the
upper region downstream of the manikin.

However, the horizontal flow gets its upward velocity shortly
after passing through the leg gap. For the purpose of further



Fig. 6. Comparison of predicted airflow vector plots (Plane 1) against Heist’s PIV data
[21]. Notes: Thermal manikin with combined legs and back to the wind. Coordinates X
and Z are normalized with the manikin height H.

Fig. 7. Comparison of predicted airflow vector plots (Plane 1) against Hyun’s CFD data
[10]. Notes: Thermal manikin with divided legs and facing the wind.
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analysis, the velocity distributions along two vertical lines (Line 1
and 2) are presented in Fig. 8. It was found that when the manikin
stands with its legs divided, the W velocity component around the
lower body segments (Z< 0.65 m) in the downstream vicinity (Line
1) of the manikin is obviously lower than that under the combined-
leg condition (Fig. 8(a)). However, this vertical velocity component
increases sharply along the Z coordinate so that in the vicinity of the
upper body segments the W velocity component becomes larger
than that that under the combined-leg situation. The W velocity
component under the divided-leg case also has a similar distribu-
tion along Line 2 with that of Line 1. However, horizontal airflow
flowing through the leg gap leads to a larger airflow velocity within
the whole body height range downstream of the manikin. This is
especially true in the region around the lower body segments, as
shown in Fig. 8(b).
The airflow velocity distributions in Plane 2 around the leg
segments under the combined-leg case and the divided-leg case are
illustrated in Fig. 9(a) and (b), respectively. It was found that when
the legs are combined, there is a big low-velocity vortex region
existing at the downstream side of the legs (Fig. 9(a)). When the
legs are divided (Fig. 9(b)), there are two vortexes existing on the
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Fig. 8. Velocity distributions along Line 1 and Line 2 (Wind speed 0.10 m/s).

Fig. 9. Air velocity vectors around the leg segments (0.10 m/s).
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downstream side of the legs, however, their size is much smaller.
The airflow going through the leg gap makes the higher flow
intensity on the downstream side the legs. For the purpose of
quantitative comparison, the velocity distributions along Line 3 and
4 in Plane 2 (see Fig. 4) are presented in Fig. 9(c). It is clear that the
airflow has larger average velocity around the leg segments when
the legs are divided.

In brief, the combined legs block the horizontal airflow and
cause a strong uprising airflow around the lower body segments,
which is capable of contributing to contaminant transport from the
floor level into the breathing zone. On the other hand, the divided
legs allow a horizontal airflow going through the gap, which not
only leads to a larger airflow velocity in the downstream vicinity of
the legs, but also leads to a larger vertical velocity component
around the upper body segments.
3.2. Heat transfer

The convective heat transfer coefficient between a human body
and its surroundings is an important parameter deciding the
airflow pattern in the vicinity of the human body as well as the
thermal comfort. Since the leg posture is the major focus of this
study, the convective heat transfer coefficient of the leg segment is
firstly analysed, as shown in Fig. 10. The computations indicated
that the divided legs have a higher heat transfer coefficient with the
air than the combined ones. Furthermore, the difference in heat
transfer coefficient becomes more significant with increasing wind
speed. Taking Figs. 8 and 9 into account, the higher heat transfer
coefficient with the divided legs should be a result of the higher
airflow velocity around the legs.
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Ishigaki et al. [22] proposed an empirical correlation for the
average convective heat transfer coefficient of a human body in
a low-speed environment, which takes the form of

hc ¼ 93:7u0:257=ðTs � TaÞ1:28 0:05 � u � 0:20 m=s (1)

In addition, Seppanen [23] proposed another correlation to
count for the heat transfer of an human occupant in a low-speed
environment

hc ¼
�

4:0 0 � u � 0:15 m=s
14:8u0:69 0:15 � u � 1:5 m=s (2)

In the above equations, u is the environment wind speed and Ts
and Ta stand for the human surface temperature and the ambient
air temperature, respectively.

Equations (1) and (2) are compared against the predicted heat
transfer coefficient in Fig. 11. It is firstly interesting to find out the
divided-leg manikin has a larger average heat transfer coefficient
than the combined-leg one, which is believed to be a result of the
higher airflow velocity (Fig. 8(b)). It is also found that the predicted
average heat transfer coefficient agrees well with the Ishigaki’s
correlation (Equation (1)) when the wind speed is lower than
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Fig. 11. Comparison of the convective heat transfer coefficient against empirical
correlations.
0.2 m/s. However, the Seppanen correlation (Equation (2)) seems to
underpredict the heat transfer coefficient.

3.3. Particle trajectories

Detailed particle trajectories were also obtained through the
computations. Fig. 12 presents typical trajectories of the inhaled
particles under different conditions. Fig. 12(a) and (b) present the
particle tracks under isothermal conditions. It reveals that for an
isothermal flow, the inhaled particles are delivered from a source
located slightly lower than the nose height and the particle tracks
go around the head. The leg posture thus has no effect on particle
inhalation. However, CFD models with heat transfer presented
totally different particle trajectories, as shown in Fig. 12(c) and (d).
When heat transfer is included in the CFD model, the inhaled
particles are observed to be delivered from a source located at
a much lower height. Furthermore, it is found that the effect of the
leg posture is very significant under the thermal conditions.
Fig. 12(c) illustrates that when the manikin stands with its legs
combined, the inhaled particles are delivered from a low level near
the floor. They pass around the legs from the both sides and then
bend their ways upwards sharply. The particles are then trans-
ported vertically into the breathing zone by the thermal plume and
are finally inhaled. However, Fig. 12(d) indicates that when the legs
are divided, the inhaled particles are delivered from a slightly
higher level than that in a combined-leg case. Furthermore, the
particles go directly through the gap between the legs before
bending their paths upward, but do not need to pass around the
legs. Bending at higher height also makes the particle trajectories
closer to the manikin.

3.4. The critical area

Fig. 12 reveals that the inhaled particles are released from
different sources when the flow condition or the leg posture
changes. In this study, the concept of “critical area” proposed by
Anthony and Flynn [24] is utilized to analyse the source location of
inhaled particles. A critical area is a certain area in the particle
injection plane (X ¼ �2 m plane in the study), particles injected
fromwhich are inhaled later by themanikin. The geometrical shape
of a critical area may vary largely depending on the flow and
thermal conditions as well as the geometrical conditions of the
manikin. Our previous study [9] figured out the critical area under
the facing-to-the- wind condition takes a water-drop shape,
however, this study demonstrated that the critical areas have
totally different shapes when the manikin is back-to-the-wind
oriented. In addition, this study also demonstrated that the shape
and size of a critical area are subjected to the body posture as well.

Typical critical areas under the back-to-the-wind conditions are
illustrated in Fig. 13, where the manikin model is also included for
the purpose of interpretation. It was found that when the flow is
isothermal, the predicted critical area is located slightly lower than
the breathing zone. As heat transfer is included in the CFD model,
the predicted critical area is not only located at a much lower
height, but also highly sensitive to the leg posture. As shown in
Fig. 13, when the manikin stands with its legs divided, the critical
area is a triangle which takes the shape of the upper leg gap.
However, when themanikin legs are combined together, the critical
area is located further lower and divided into 2 sub-areas. Actually,
the distribution characteristics of critical areas illustrated in Fig. 13
can also be referred to the particle trajectories shown in Fig. 12.
When the legs are divided, the gap allows the particles going
through it before being inhaled. Meanwhile, size and shape of the
gap also have important effects on those of the critical area. When
the legs are combined together, since there is no gap for direct



Fig. 12. Typical particle trajectories under various conditions (0.05 m/s).
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going-through, particles have to pass around the legs before
bending their ways upward.

The central heights of the critical areas are further analysed
within the common indoor wind speed range (0.05e0.25 m/s), as
shown in Fig. 14. It is firstly found that for the isothermal flows, the
two curves for the both leg postures are almost superposed
together (See the locally enlarged figure in Fig. 14). This indicates
that when heat transfer is not taken into account, the leg posture
has no detectable effect on the predicted particle inhalation within
thewind speed range considered in this study. However, when heat
transfer exists between the manikin and the surrounding air, the
effect of leg posture is significant. As shown in Fig. 14, when the
manikin stands with its legs combined, the central height of the
critical area increases with increasing wind speed. Especially, when
the wind speed is over 0.2 m/s, the central height of critical area
increases sharply with further increase in the wind speed. As the
wind speed reaches 0.25 m/s, the central height of the critical area
seems to be the same as that under an isothermal condition. Our



Fig. 13. Typical shapes of the critical areas when the manikin is back to the wind
(Wind speed 0.05 m/s). Note: The manikin is included to illustrate the critical area
locations relative to the manikin only in the height (Z) coordinate. The manikin size in
the Y coordinate is not proportional with the coordinate scale.
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previous study [1] demonstrated that for a leeward manikin with
combined legs, the effect of body heat on particle inhalation is
gradually suppressed by the increased wind speed. As the wind
speed is over 0.2 m/s, particles delivered from both the lower level
(those passing around the legs) and the higher level (those passing
around the head) are inhaled. As the wind speed reaches up to
0.25 m/s, the effect of body heat could be ignored since particles
passing around the legs could no longer be inhaled. This causes the
critical area moves upward to the breathing zone height and is very
similar to that of an isothermal case shown in Fig. 12(a). However,
when the manikin legs are divided, the situation is totally different.
It seems that within the wind speed range of this study (0.05e
0.25 m/s), the wind speed has no significant effect on the charac-
teristics of particle inhalation despite the central height of critical
area slightly decreases with increasing wind speed. Even when the
wind speed increases up to 0.25 m/s, the inhaled particles are still
delivered from the thigh level.

A comparison of the airflow field and the particle tracks under
the higher wind speed (0.25 m/s) may be capable of giving an
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Fig. 14. Central height of the critical area.
interpretation to the aforementioned difference. As illustrated in
Fig. 15(a), when the manikin stands with its legs combined, there
are two reverse-rotating vortexes existing at the downstream side
of the manikin. Among them, the lower vortex is entraining
particles from near the floor level to a higher level while the upper
vortex is delivering particles from the head-top level to a lower
level. As thewind speed increases, the upper vortex expands its size
and suppresses the lower one. As the wind speed increase up to
0.25 m/s, the size of the upper vortex is large enough and the lower
vortex could no longer deliver particles into the breathing zone.
However, when themanikin legs are divided, the horizontal airflow
through the gap leads to a much larger lower vortex. It was found
that this lower vortex expands its size with increasing wind speed
and hence intensifies its capability of delivering particles into the
breathing zone from the floor level. As a result, within the
Fig. 15. Comparison of airflow field and particle trajectories (0.25 m/s).
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parametric range investigated in this study, the inhaled particles
are always delivered from the lower level when the legs are
divided.

4. Conclusions

The effects of leg posture (combined legs or divided legs) on the
airflow field and particle transport around a thermal manikin
standing with its back towards a horizontal free stream were
investigated using CFD in this study. The predicted airflow fields
and heat transfer coefficient agree well with the published data in
the literature. Conclusions rising from this study are as follows:

(1) Divided legs not only allow the free stream flowing through the
gap, but also lead to a higher heat transfer intensity around the
lower body segments, which causes the uprising airflow
around the upper body segments, especially in the breathing
zone, has a higher vertical velocity component.

(2) Different leg postures have different environment sensitivity.
Within the general indoor wind speed range (0.05e0.25 m/s),
the central height of the critical area increases with the wind
speed when the legs are combined, and the effects of thermal
plume are gradually suppressed. However, when the legs are
divided, the increase in the wind speed has no significant effect
on the central height of the critical area.
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