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ABSTRACT

In this study, the design of airflow ventilation in a confluent jet system is made. The
ventilation system considers an inlet system, made with four horizontal and four verti-
cal ducts, placed in the wall corner, and an outlet system, made with one vertical duct,
is located in the central area of the space. In the inlet system, each vertical duct is con-
nected to a ventilator, while in the outlet system, the vertical duct is connected to a
ventilator. In the inlet system, each vertical duct is equipped with a set of consecutive
nozzles. The numerical simulation uses a Computational Fluids Dynamics numerical
model to evaluate the three-dimensional air velocity. The space is occupied by two
occupants, in the Y direction, seated in two seats at a table located in the central area.
In accordance with the obtained results, the airflow in the inlet area promotes an air
velocity distribution near the wall surface and in the floor area to the occupation area.
The airflow is relatively uniform around the occupants and increases above the head
level to the exhaust level.
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INTRODUCTION

The confluent jet ventilation system is applied in an experimental chamber
occupied by two occupants. Four vertical ducts, located in the corner wall,
are equipped with a set of consecutive vertical nozzles: one turned to X and
the other turned to Y direction.

This numerical work uses the simulation the Turbulent Airflow Dyna-
mic Modeling, which considers the Computational Fluids Dynamics, CFD,
and simulates the airflow inside the space and around the occupants, see
Conceição et al. (2008), and Conceição et al. (2010), and other software that
simulates the Human Thermal Response Modeling and simulates the human
and clothing temperature distribution, see Conceição and Lúcio (2010) and
Conceição and Awbi (2021). This software, which works in a coupling meth-
odology, uses the Turbulent AirflowDynamicModeling inputs as the Human
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Thermal Response Modeling output and uses the Human Thermal Response
Modeling input as the Turbulent Airflow Dynamic Modeling outputs.

The CFD applications can be analyzed in Awbi (1998), Nilsson and
Holmér (2014) and Riachi (2014), as examples, and the Human Thermophy-
siology application can be seen in Zhang et al. (2010), Zhang et al. (2010)
and Tang et al. (2020), as an example.

The surrounding temperatures, used as inputs in the Human Thermal
ResponseModeling and the Turbulent AirflowDynamicModeling, are calcu-
lated by the Building Thermal Dynamic Modeling numerical model, see
Conceição and Lúcio (2016) and Conceição et al. (2018). The numerical
model methodology, namely the energy and mass balance integral equations,
is presented in Conceição et al. (2010).

Examples of application of the Building Thermal Dynamic Modeling
numerical model can be analyzed in Balaji et al. (2019), Kolokotsa et al.
(2011) and Djedjig et al. (2013).

Numerical Methodology

This study is made inside an experimental chamber, that simulates the office
space, equipped with two seats, one table, one inlet ventilation system
and one outlet ventilation system and occupied by two occupants. The
experimental chamber has small dimensions (2.7×2.45×2.4 m3).

The inlet ventilation system considers:

• four horizontal ducts
• four vertical ducts, placed in the wall corner;
• four duct ventilators systems connected to the vertical duct;
• each vertical duct is equipped with a set of consecutive nozzles.

The outlet ventilation system is made with:

• one vertical duct, located in the central area of the space;
• one exhaustion ventilator system.

The input data are as follows:

• Inlet air velocity is 5 m/s (value associated with the airflow rate);
• Inlet air temperature of 19.3◦C (value calculated by the Building Thermal

Dynamic Modeling numerical model);
• The mean internal air temperature is 20 ◦C (value used in the Building

Thermal Dynamic Modeling numerical model);
• Inlet air turbulence intensity of 10%;
• External air temperature of 0◦C (winter conditions).

In this numerical simulation, made in winter conditions, the inputs of the
Turbulent Airflow Dynamic Modeling and the Human Thermal Response
Modeling are calculated by the Building Thermal Dynamic Modeling nume-
rical model.

Figure 1 shows the virtual experimental chamber grid generation. The grid
generation, presented in the Figure, is refined near the inlet nozzle, near the
wall surfaces and in the outlet.
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Figure 1: Virtual experimental chamber grid generation.

The numerical simulation calculates the internal air velocity, and other
variables, in all cells. However, in this work, only four plans are presented:
two plans in the X direction and two plans in the Y direction. Thus, Figure 2
shows the representation of two vertical plans in the X direction and Figure 3
shows the representation of two vertical plans in the Y direction. In both
directions, two planes are considered: one plan located in the inlet area and
one plan located in the office central area. The central area plan is divided
into two parts.

RESULTS

In this section, the air velocity distribution, in vertical plans, located near the
inlet area and in the office central area are presented.

In Figure 4 the vertical plane, in the X direction, located in the inlet area
is presented, in Figure 5 the vertical plane, in the X direction, located in the
office central area, in a non-occupied area, is shown and in Figure 6 the verti-
cal planes, in the X direction, located in the office central area, in an occupied
area, is presented.

The vertical plane, in the Y direction, located in the inlet area is presented
in Figure 7, the vertical planes, in the Y direction, located in the office central
area, in a non-occupied area, is shown in Figure 8 and the vertical planes, in
the Y direction, located in the office central area, in an occupied area, is
presented in Figure 9.
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Figure 2: Vertical planes, in the X direction, located in the inlet area (red colour) and
one plan located in the office central area (blue colour in the non-occupied area and
green colour in the occupied area).

Figure 3: Vertical planes, in the Y direction, located in the inlet area (red colour) and
one plan located in the office central area (blue colour in the non-occupied area and
green colour in the occupied area).
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Figure 4: Vertical plane, in the X direction, located in the inlet area.

Figure 5: Vertical planes, in the X direction, located in the office central area, in a non-
occupied area.

Figure 4, for different vertical lines, near the wall surface, in the X dire-
ction, shows that the air velocity value decreases from the inlet area (inlet
nozzles) to the central area and the highest value is in the low member’s
area.
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Figure 6: Vertical planes, in the X direction, located in the office central area, in an
occupied area.

Figure 7: Vertical plane, in the Y direction, located in the inlet area.

The air velocity in the central area, in the X direction, in a non-occupied
area, presents the highest air velocity value in the low member’s area (see
Figure 5).

The air velocity, in the occupied area, presents a relatively homogeneous
air velocity in the human body section. Near the floor, the air velocity level
is slightly highest. However, the highest air velocity level increase above the
head level, mainly, in the exhaustion area (see Figure 6).
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Figure 8: Vertical planes, in the X direction, located in the office central area, in a non-
occupied area.

Figure 9: Vertical planes, in the Y direction, located in the office central area, in an
occupied area.

The air velocity, in the Y direction, in the inlet area and near the wall,
presents some results that were verified in the X direction (see Figure 7).

The air velocity, in the Y direction, in the non-occupied area, and in the
central area, is higher in the human low member’s area and decreases above
the head level (see Figure 8).

The air velocity, in the Y direction, in the occupied area (desk), and in the
central area, is uniform and increases in the exhaust area (see Figure 9).
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CONCLUSION

In this work, the numerical study of the airflow around the occupant using a
confluent jet system is made. The study considers the air velocity distribution
in the occupied area and the non-occupied area.

In accordance with the obtained results, near the wall surface, show that
the air velocity value decreases from the inlet area (inlet nozzles) to the central
area and the highest value is in the human low member’s area.

The air velocity in the central area show, in a non-occupied area, presents
the highest air velocity value in the low member’s area and the occupied area
presents a relatively homogeneous air velocity in the human body section.
The highest air velocity level increase above the head level, mainly, in the
exhaustion area.

In this system, in accordance with the obtained results, the airflow in the
inlet area promotes an air velocity distribution near the wall surface and in the
floor area to the occupation area. The airflow is relatively uniform around
the occupants and increases above the head level to the exhaust level.
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