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ABSTRACT

The purpose of this study is to observe the visualization of the flow field for air flow distributed in the car
from the ventilation fan installed in the ceiling of the passenger elevator car through the numerical analysis
using computational fluid dynamics. STAR-CCM+, which is a code used for the numerical analysis, was used to
predict the airflow distribution inside the elevator car. The numerical analysis of the distribution of the air
current in the elevator was carried out. As a result, the analysis results for each point and the visualization of
the air current distribution and the temperature distribution in the elevator car and were obtained. It was found
that heat transfer was actively occurring inside the car due to the influence of the flow field discharged from
the ventilation vent installed in the ceiling in the elevator car, and especially the convection heat transfer of
Model-2 was more active than that of Model-1. As a result, the temperature distribution inside the car was
found to be relatively low. In addition, the temperature distribution at a cross-section of 1700mm height in the
elevator car shows that Model-2 is the location of the ventilation vent which makes people feel more
comfortable.
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1. Introduction However, given recent improvements in
people’s quality of life, there has been

. increasing interest in ventilation systems inside
Typically, elevators have served as a means :
i . . . elevator cars. In particular, the effects of
of transporting people or cargo inside high-rise . .
yellow and fine dust are raising both interest

buildings. . i .
and concern about air quality in Korea.
# Corresponding Author : csyi@klc.ac.kr Currently, most elevators are not equipped with
Tel: +82-55-949-2266, Fax: +82-55-949-2200 special air conditioning or ventilation systems.
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Fig. 1 Phenomenon occurs of urban heat island
effect

This study numerically analyzes the airflow
distribution inside an elevator car by selecting a
model in which a ventilation fan is installed and
forced to operate. Airflow distribution is analyzed to
determine any changes in the position of the

elevator car's internal vents.

2. Methods and Targets of
hermal-Fluid Analysis

2.1 Targets of Thermal-Fluid Analysis

To conduct a numerical analysis of the airflow
distribution in elevator cars, one of ‘F’ company's
elevator models was selected, as Fig. 2 shows. This
model features an airflow window installed on the
elevator car’s ceiling, allowing the airflow to be
discharged directly into the elevator car via the
ventilation fan. Regarding this fan, the flow rate and
pressure are given as the boundary condition based
on the fan’s specifications provided by the
manufacturer.

In this study, the flow rate of ventilation fans
used in elevator cars was 385 m’/h, which was then
converted to a mass flow rate of 0.128 kg/s. A
boundary condition was given to allow ventilation
fans with a pressure of 88Pa to blow air into the

elevator cars.

Fig. 2 Configuration of elevator car and forced
ventilation fan

Inlet
v Mass flow rate : 0.128ka/s
v Temperature: 20°C
v Pressure : 88Pa

all
[Model-11 “ Heat transfer coefficient: 5.0W/m>K  [Model-2]

Fig. 3 Boundary conditions

2.2 Thermal-Fluid Analysis Method

In order to ensure the reliability of the flow
analysis results, it is necessary to select the proper
turbulence models for accurate modeling and
evaluate the analytical models to be employed. In
addition, it is important to check the reliability of
the calculation grid. Moreover, since the choice of
the Solver has a significant impact on the
calculation accuracy, commercial S/W analyses were
performed using STAR-CCM+.

In this study, the flow within the elevator car is
assumed to be three-dimensional steady-state
turbulence, as determined by flow analysis. The
governing equations used to calculate the velocity

distribution and pressure inside the elevator car
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include a continuity equation and a momentum
equation. The turbulence model was based on the

k—¢& model, which was previously validated in the

industry.[”®

In terms of a numerical analysis
technique, the connection of pressure and velocity in
the governing equation used the Segregate Flow
algorithm according to the Semi-Implicit Method for
Pressure-Linked Equations (SIMPLE). STAR-CCM+,
a numerical analysis code applied in this study, is
calculated by the following numerical algorithm to
analyze piping flow. The method of numerical
analysis for obtaining the analysis results was used
as the basis for determining the convergence of
dependent variables in the normal state when the
exit’s flow rate remains unchanged and the
calculation results are displayed at a fixed and
stable value. Additionally, when calculating iterations
in a steady state, the dependent variables’
convergence determination was used as the Dbasis

when the residual value reached 10° or below.

3. Thermal-Fluid Analysis Results
and Findings

Fig. 4 illustrates the distribution of the velocity
size of each model’s central section. As the figure
shows, in the case of Model-1, there are left and
right vents installed at the entrance of the elevator
car, and air from outside of the elevator is drawn
through the fan. On the other hand, in the case of
Model-2, ventilation ducts are installed both before
and after the elevator car’s entrance door.

When the ventilation fan’s mass flow rate of
0.128 kg/s was introduced into the elevator car from
each vent, it was found that a maximum flow rate
of approximately 13m/s was discharged from the
ventilation vent’s outlet. This created a flow field
inside the elevator car, gradually reducing the flow
rate. In addition, since the same blower was applied
in each model, no significant difference was found
in flow rate changes because the flow rate and
pressure were under the same conditions. However,

since the flow is released vertically from the car’s
upper vent, it was possible to confirm that the flow
becomes trapped in the space between the vents.
Particularly, the study confirmed that Model-1’s flow
had a distribution of air trapped in the central area
Model-2.  Overall, the
distribution did not appear to have a well-circulated

compared to airflow
structure inside the elevator car. Thus, it was
possible to confirm that the role of the currently
installed ventilation fan was simply to supply fresh

airr.

(a) model-1 (b) model-2
Fig. 4 Results of velocity magnitude contour in the

elevator car at center sections

(a) model-1
Fig. 5 Results of temperature contour in the elevator

(b) model-2

car at center sections
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Fig. 5 shows the temperature distribution of each
described in the
distribution, the

temperature was found to be relatively high as the

model’s central section. As

above-mentioned velocity
ventilation vents installed on both sides caused the
flow field to become trapped and stagnant. In the
case of Model-1, especially, the ventilation vents’
clearance was relatively narrow compared to that of
Model-2, so it was possible to note that the flow
was trapped between the ventilation vents and that
high. This is

considered to be essentially favorable to airflow

the temperature distribution was

diffusion because the interval between ventilation
vents is relatively long.

Fig. 6 designates a total of six virtual sensors
employed to obtain data about airflow distribution
inside the elevator car. Thus, the sensors measured
the velocity and temperature values in the vertical
direction.

Fig. 7 illustrates the velocity distribution at five
different points on each section in the elevator car’s
vertical direction. As the figure shows, in the case
of Model-1

results

it was possible to verify the same

since  Position-4 and Position-5 are
symmetrical points on both sides and ventilation
vents were installed in these locations. Meanwhile,
and Position-3 had

profiles. Position-2, the elevator car’s central point,

Position-1 similar  velocity
was found to have a lower flow rate at the top,
which decreased again at a height of approximately
750 mm after the

descended to the floor. Additionally, for Position-1

flow rate increased as it

and Position-3, an increased flow rate was once
again found. These findings suggest that, in the case
of Position-2 (which is the center), the flow rate
decreased as the flow became trapped in the central
area due to the effect of the downward flow in
both ventilation vents. In Model-2, the highest flow
identified
Position-3 with ventilation vents installed.

rate distribution was in Position-1 and

Position-3
@

?
Position-2

Position-4
Position-5

]

Position-1

(a) model-1

Position-3 I
—a—

] @ Lk
Position-2

Position-4
Position-5

—a— =
Position-1

(b) model-2
Fig. 6 Virtual sensing positions

Position-4 and Position-5 had symmetrical positions
with the
Position-2, the elevator car’s center, the flow rate
was found to be
Model-1. This is

clearance is relatively wider than that in Model-1.

same flow rate distribution. Regarding

relatively low compared to

because the ventilation vents’

Fig. 8 successfully confirms that, at the point
where the temperature distribution was discharged,
the temperature was discharged at 20°C and then
gradually increased as the flow was carried out to
the bottom of the elevator car. This phenomenon is
the result of the relatively high temperature and heat
transfer inside the elevator car.
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Fig. 7 Results of velocity distribution
section each positions

at center

The temperature in Model-1 was found to be low
to the floor, while the temperature in Model-2 was
high, exhibiting a temperature drop from about 350
mm. This is likely due to the good diffusion of the
flow from the vent into the elevator car, as seen in
Fig. 5’s temperature distribution section. Moreover,
this can be explained by the ventilation vents’ wider
spacing, as described in the above-mentioned finding
of velocity distribution. In turn, this allows for the
airflow to be distributed relatively wider than in
Model-1, where airflow is trapped in the center of

the car and does not allow the flow to spread.
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Fig. 8 Results of temperature distribution at center
section each positions

Fig. 9 shows the velocity distribution for the
section at the elevator car’s height of 1,700 mm. As
the figure illustrates, one side of the symmetry is
displayed in the thermal-fluid analysis. Therefore,
only the half starting at the center of the elevator
car’s door represents the analysis results. In the case
of Model-1, the flow is discharged from the left
and right sides of the elevator door. The highest
flow rate was identified at the location near the
discharge outlet and, in terms of the surrounding

area, the flow rate was found to be low.
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Fig. 9 Results of velocity distribution at height Fig. 10 Results of temperature distribution at height
1700mm 1700mm
In the case of Model-2. a flow rate of about 8 transfer of heat is facilitated because the head is
m/s was found to occur near the ventilation vents in exposed -to- the- hun-1an bod-y s atmosphere and the
the front and rear positions of the cemter of the heat emission in this area is also large. Therefore,
clevator doors. Morcover. this flow rate  was when boarding the elevator car, this study focused

distributed evenly compared to Model-1. Overall, the on checking the temperature  distribution at this

study found that a flow rate of approximately 1 m/s height
was distributed at a height of 1,700 mm, except for
around the vent outlet.

4. Conclusion
Fig. 10 illustrates the temperature distribution for

the section at the elevator car’s height of 1700 mm.

By performing a numerical analysis of the airflow
This height represents the location of an adult’s

distribution inside an elevator car, this study
head while

in the elevator. obtained a visualization of the airflow distribution

In this location, the
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and temperature distribution inside the elevator car.
Moreover, an analysis was conducted for each point.

Due to the effects of the flow field discharged
from ventilation vents installed on the inside ceiling
of the elevator car, active heat transfer was
identified inside the elevator car. This was
particularly the case in Model-2, which featured
active convection heat transfer when compared to
Model-1. This resulted in a relatively low
temperature distribution inside the car. Finally, the
temperature distribution in the section at the elevator
car’s height of 1700 mm confirmed that the
ventilation vents’ location was more comfortable in
the case of Model-2.
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