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ABSTRACT

The design of a ventilation system using a vertical confluent multi-jets system is
analyzed in this study. In this work is made not only the design, but also the
descendent airflow calculation. In the inlet system, the vertical confluents jets system
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is made with two horizontal ducts located above the head level. The outlet system is
built with six vertical ducts located in the central area above the head level. The design
was developed inside an experimental chamber with dimensions of 4.50%x2.55x2.50
m® and was built with an inlet and an outlet systems using ducts with 0.15 m diameter.
The vertical ducts are made with consecutive nozzles in both sides of the horizontal
main duct. The vertical, longitudinal and transversal airflow fields are evaluated. The
results show that this ventilation system furthers the extraction of contaminating
human bio-effluents and guarantees low levels of Draught Risk.

Keywords: Air Velocity Fields, Computational Fluids Dynamics, Human Thermal
Response, Vertical Confluent Multi-Jets

INTRODUCTION

One of the ways to promote thermal comfort (see Conceicdo and Lucio, 2016) and
indoor air quality (see Conceicdo et al., 1997a) conditions in an occupied area is
through the insufflation of air jets in the ventilated space (see Conceicdo et al.,
1997b), promoting air renewal and removal of thermal loads harmful to human
comfort.

Insufflation jets higher momentum in comparison to its surrounding fluid medium
characterizes air jet flow, according to a room-ventilated system. Differing from other
types of fluid, the interaction between the flow of the jet and the boundary layer
(known as entrainment), plays a major role in the development of the flow within the
jet. In real-world applications, for example, in most mechanically ventilated
buildings, jet flow is used for ventilation usually of two types, namely displacement
ventilation and mixing ventilation (Awbi, 2004). In Cho et al. (2004), experimental
measurements on the diffusion of wall confluent jets have been study. An effective
mix of the jet flow is thus crucial before reached the air extraction point in the room.
Ineffective air mixes may render some regions of the space improperly ventilated
resulting in temperature gradients beyond acceptable rates and causing draughts.
According with the work of Knystautas (1964), the static pressure variations
measured on a series of jets holes in line differ from the surrounding pressure by less
than 0.5%. Studies related to the fundamentals and characteristics of a single jet were
carried out by Heskestad (1965) and Miller and Comings (1957), using laboratory
resources for this evaluation. On the other hand, measurements in bi-dimensional jets
with respect to the obtained flow profile characterizations were carried out in Miller
and Comings (1960) and in relation to multiple jets in Corrsin (1944). Tanaka (1969)
decided to carry out an original study looking for the interactions between air jets,
making several experimental tests with two jets with a parallel circular section,
varying the diameter of the holes and the spacing between them, thus allowing to
graphically express the profile found in the resulting flow. Momentum flux in jet flow
is conserved, for more details see Tanaka (1969). Experiments on the combined flow
of dual jets are evaluated in Tanaka (1974). The three zones in profile evolution
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between the two parallel jets air flow are the Converging region, a merging region
and the Combined region, for more details see Lai and Nasr (1998) and Zheng et al.
(2016).

In this study, the vertical confluents multi-jets system principle is used (Karimipanah
et al., 2000; Cho et al.,2004; Ghahremanian, 2014; Arghand et al., 2015). The system
adopted in this work was based on a set of consecutive nozzles, with a 1.8 m of height
from the floor level, promoting a descendent confluent wall jet airflow near the
sidewalls of the room. This kind of system is suitable for heating and cooling. For
example, the work presented by Cho et al. (2004) describes the high cooling loads
they managed, namely greater than 40 W/m? up to 67 W/m?,

In this work, using numerical methodologies, the comfort methodologies are used to
promote acceptable thermal comfort and indoor air quality levels (see as example
Conceicdo et al. (2000), for vehicles, and Conceicdo et al. (2009), for buildings).
Different concepts and indexes, such as PMV (Predicted Mean Vote) and PPD
(Predicted Percentage of Dissatisfied), were developed in Fanger (1970), and
presented in ISO 7730 (2005).

In this work the application of the vertical confluents multi-jets system is done in an
experimental space equipped with twelve seated occupants. The numerical model
applied in this paper is a coupling between Computer Fluid Dynamics (CFD) and the
Human Thermal Response (HTR). The HTR model can evaluate the
thermoregulatory, clothing thermal response, the tissue, blood and clothing
temperatures distribution (Concei¢do et al., 2007). The assessment of indoor air
quality conditions is made by evaluating of the carbon dioxide concentration (CO5),
generated by the occupants in the ventilated space. The integral numerical model, that
simulates building thermal response (BTR), evaluates the surfaces temperature
distribution, energy consumption and air temperature distribution (Conceicéo and
Ldcio, 2010; Conceicéo et al., 2010). The CO: indicator is used and developed in
ANSI/ASHRAE Standard 62-1 (2020). To assess the Draught Risk (DR), a model
developed in Fanger et al. (1988) and presented in ISO 7730 (2005), was used. To
assess the performance of the HVAC system, the Air Distribution Index was applied
for uniform environments and for non-uniform environments. In this work, the CFD
model evaluates five parameters (air velocity, air temperature, air turbulence
intensity, CO. concentration, DR and the air quality). The validation of the numerical
models can be seen in Conceigdo and Lucio (2001).

MODELS AND MATERIALS

In this work, three numerical models, the Building Thermal Response (BTR), the
Computational Fluids Dynamics (CFD), Figure 1, and the Human Thermal Response
(HTR) are considered. The last two work in a coupling methodology.

The integral BTR numerical model calculates the temperature of the surrounding

Human Interaction & Emerging Technologies (IHIET-AI 2022)
Artificial Intelligence & Future Applications
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8989-4



Applied Human Factors and Ergonomics International AH IF E

International

surfaces. The differential CFD numerical model evaluates the air velocity, air
temperature, air turbulence intensity and CO, concentration. HTR numerical model
calculates the body and clothing temperatures.

Figure 1. Virtual classroom used in the numerical simulation.

This numerical study is done in a virtual chamber (Figure 1). This virtual chamber,
which simulates a classroom, is 4.50 m long, 2.55 m wide and 2.5 m high. The virtual
chamber is provided with six tables and twelve chairs and is occupied by twelve
seated virtual people.

The inlet ventilation system installed in the virtual chamber is founded on a confluent
multi-jets system constituted by two horizontal ducts (represented by purple color in
Figure 1) equipped with a row of consecutive nozzles (the inlet of the air jets is
represented by the green descendent arrows in Figure 1). The ducts are 3.3 m long,
0.125 m in diameter and are placed at 1.8 m above the floor. The exhaust ventilation
system is installed in the central zone of the chamber, consisting of six ducts (shown
in blue in Figure 1), 0.125 m in diameter, located above the level of the occupants'
head.

The numerical simulations were done for a typical winter day characterized by an
outdoor air temperature of 0°C, an average indoor air relative humidity of 50%, an
average indoor air temperature of 20°C and an airflow rate of 0.1167 m%/s.
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RESULTS AND DISCUSSION

In this section, the air velocity field is evaluated. Figure 2 presents the air velocity
field in a vertical plane located at the inlet system in the y-axis direction. Figure 3
shows the air velocity field in a vertical plane located at the outlet system in the y-
axis direction. Figure 4 presents the air velocity field in a vertical plane located at the
central area in the x-axis direction.

The airflow, promoted by the vertical confluents multi-jets ventilation system, with a
descendent airflow in the sidewalls, furthers an ascendant airflow around the
occupants. The air velocity is highest at the air intake, floor and air extraction level.

Z(m)

Figure 2. Air velocity field in a vertical plane located at the inlet ventilation system in the
y-axis direction.

In the inlet area, the airflow, in general, in the longitudinal plan, shows an influence
at the level of the entire floor. The air velocity decreases from air intake level to floor
level. In the lateral area, airflow recirculation is observed. The outlet area, with
similar air velocity values, ensures an even air outlet airflow along the longitudinal
of the virtual. These results are important in order to guarantee a uniform human
bioeffluents contaminants extraction.

The transversal air velocity field plan shows the lateral descendent airflow, near the
walls, and the airflow deflection, at the floor level. The desk and the occupant show
also some interferences in the airflow topology. It is also noted that airflow causes
the appearance of turbulent areas on top of the desks, so these should be further away
from each other.
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Figure 3. Air velocity field in a vertical plane located at the outlet ventilation system in the

y-axis direction.

Z(m)

Figure 4. Air velocity field in a vertical plane located at the central area in the x-axis

direction.
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CONCLUSIONS

In this article the design of a confluent multi-jet system was presented. The study was
carried out in a virtual experimental chamber occupied by twelve virtual mannequins
(which simulate people) considering winter conditions.

Downward vertical airflow promotes the spread of airflow across the floor. Occupants
and desks cause some obstacles to airflow at floor level. It is also verified that the
desks should be further apart in order to avoid the appearance of air recirculation
zones at their tops. Outgoing airflow favors upward airflow in the occupied zone.

The highest levels of air velocity are found in the entrance area near the sidewall and
in the exit area at occupants' head height. The lowest levels of air velocity are found
in the occupied zone.

Therefore, the vertical confluent multi-jet ventilation system designed in this work
favors the extraction of contaminating human bio-effluents and guarantees low levels
of DR.
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