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Abstract. Calculation of air distribution in premises is one of the main stages
when designing ventilation and air conditioning systems of a building. The micro-
climate quality and the efficiency of ventilation and air conditioning systems
depend on the accuracy and correctness of the calculations. The purpose of this
study is to assess the influence of the distance between the inlet and the 45-degree
turn on the jet characteristics. The basic geometric and kinematic characteristics of
the jet flowing from the opening located at various distances from the 45-degree
turn were obtained. The change in the deflection of the outflow angle and the
kinematic coefficient of the inlet opening were obtained.
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1 Introduction

Calculation of air distribution in the premises is one of the main stages when designing
ventilation and air conditioning systems of a building. The microclimate quality and
the efficiency of ventilation and air conditioning systems depend on the accuracy and
correctness of the calculations. It should take into account the need for rational use of
resources and compliance of the supplied air parameters with regulatory requirements.
By changing the feed angle, one can provide the required microclimate parameters
without additional equipment, and thereby optimize the costs of ventilation and air
conditioning.

This is especially important in rooms with increased heat generation, where one has
to use air exchange schemes with the supply of jets directly to the working area.

Many works consider an urgent issue of the influence of the geometric and kinematic
parameters of the supply jet on the air distribution in rooms for various purposes. The
results of a numerical experiment using the CFD software package are presented in [1—
6]. The choice of a numerical model for various cases of air distribution is considered in
[2-7]. The detailed studies of the air distribution scheme “from top to bottom” in a flat
and spatial setting are presented in [8§—13]. In the articles [2, 3, 13], the velocity fields in
an air jet supplied by recirculation air diffusers were obtained numerically. The authors
[14—16] carried out a series of studies on vortex zones and the local resistance coefficient
(LRC) of exhaust openings.
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The works [17, 18] study the influence of the geometric characteristics of the inlet
located at different distances from the 90-degree turn of an air duct. The geometric and
kinematic characteristics of jet as a function of distance were obtained. However, due
to the limited room space, the air in the working area must be supplied at other angles
rather than 90°.

For geometrically complex air distributors, the kinematic coefficient is not constant
along the length of the main jet section [19]. So, it becomes necessary to take into account
the unevenness of velocity profiles in jets, formed during an outflow from nozzles with
different geometry and direction [20].

The purpose of this work is to determine the influence of the distance between the
inlet and a 45-degree turn on the jet characteristics.

To achieve this purpose, the following tasks were set:

— To study numerically the jet outflow from the inlet located at different distances from
the 45-degree turn.

— To determine the patterns of change in geometric and kinematic characteristics as a
function of the distance from the air duct turn.

2 Materials and Methods

The study was carried out numerically using the Fluent software package. The standard
k-e turbulence model was adopted as in [17, 18]. Standard near-wall functions were used
to model the near-wall boundary layer.

Figure 1 shows the geometry of the studied area. The jet is fed from an inlet opening
with a width of by = 0.2 at a constant velocity up = 3 m/s. The inlet is located at a
distance / = 0...2 m after the air duct turns at the angle o = 45°. The considered area
has the following dimensions: b = 8.0 m, h = 4.0 m, h;= 0.7 m.

We adopted the following boundary conditions:

— AB (feed opening) — Velocity inlet: velocity is uniform and directed along the normal
to the boundary: up= const; k = 0; ¢ = 0;

— FG, GH, HI, IK (free flow boundaries) — Pressure Outlet: excess pressure Ap = 0;
velocity is directed along the normal to the boundary - u - = u,,, dk/dn = 0, de/dn =
0;

— AF FE, BC and CD (impermeable walls) Wall: u = 0, (du,, )/dn = 0; d/dn are derivatives
along the normal to the boundary.

As a result of the solution, the basic geometric and kinematic characteristics of the
jet flowing from the opening located at different distances between [ and the 45-degree
turn were obtained.

The results are presented in dimensionless form:

— Uy = ux/uo;uly = uy/ug; Uy = Ugy/uo are the longitudinal and transverse
components and mean velocity, respectively;

- Py = Py /Pp is the static pressure;

— X =x/bgy; y = y/bg are the geometric parameters.
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Fig. 1. Geometry of the considered area and streamlines

3 Results and Discussion

Figure 1 shows the streamlines of jet flowing out from the inlet located after a 45-degree
turn. In the previously considered case [17, 18], a vortex region was shown, which had
a significant influence on the jet characteristics. The jet flattened only at a distance of
I > 3.0 from the turn. In case of a 45-degree turn, a vortex zone is also formed along
the upper wall CD, due to which the jet breaks off and the outflow angle changes. In this
case, the vortex region affects the jet only at a small distance from the turn [ < 1.0.

Fig. 2. Longitudinal velocity component

Figures 2 and 3 show graphs of changes in dimensionless longitudinal and transverse
velocities, respectively. Since the jetis directed at an angle of 45 degrees, the longitudinal
and transverse velocities are comparable at all lengths. At the length of I = 0.5 velocities
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change the signs, which indicates the presence of a vortex zone at the upper wall of the
duct. Further, the velocity profile is practically flattened, there is no vortex zone. At a
distance of [ > 1.5, the profiles of the longitudinal and transverse components of velocity
become equal, the disturbances generated during the turn do not have an influence. A
greater distance between the inlet and the turn does not affect the change in the jet
characteristics.

The maximum velocity in the jet sections was used to determine the angle at which
the outflow from the inlet opening occurs. Table 1 shows the deflection of the jet outflow
angle from 45°:

|Aa| = a —45,° (1)

Table 1. The deflection angle

I,m |05 [075/1.0/15 20
Aa, | 143 | 11.5/3.8 15553

o

Figure 4 shows a graph of changes in the deflection angle from the jet axis. It also
shows the relationship between the angle of jet deflection from the horizon when the
inlet is located after the 90-degree turn. Due to the strong influence of the vortex zone
after the 90-degree turn, the jet deflects more from the axis and this influence remains
significant up to I = 0.4. In case of a 45-degree turn, the influence of the vortex zone
ends already at [ = 0.2. Further, the deflection angle approaches 0 and remains constant.
In the area [ < 0.2, the angle change can be described by the following formula:

o = 23.8347(~3.106) (2)
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Fig. 4. Jet axis deflection angle

_ Figure 5 shows the change in average velocity at the jet axis for various distances
[ from the turn. The solid line in Fig. 5b shows the change in the average velocity
calculated using the following equation:

muy~/bo
Uy = ——,
m ﬁ

where n = x - cose is the dimensionless distance from the center of the outflow
along the jet axis.

The change in average velocity at various distances from the turn can be described by
Eq. (3). For n < 2 the results obtained numerically and using Eq. (3) have a significant
discrepancy, since this formula is suitable only for describing the change in velocity in
the main section of the jet. For n < 2 the flow is aligned and the main section is formed.
The coefficient m for the inlet located after the 45-degree turn of the air duct depends
on the distance [ and it is in the range of 1.45-1.65 (Table 2).
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Fig. 5. Average velocity on the jet axis

Table 2. Kinematic coefficient of the inlet opening
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4 Conclusions

369

The main geometric and kinematic characteristics of the jet flowing from the inlet located
after the 45-degree turn of the air duct were obtained numerically. As a result of the turn,
a vortex zone is formed on the upper wall of the air duct, which affects the outflow jet
parameters and along its length only at / < 1.0. It was shown that the jet outflow angle
had a deflection from 45°. The change in the average velocity in the main section of the
jetis well described by the well-known formula for a free jet. In this case, the kinematic
coefficient of the inlet opening is not constant and depends on the distance from the turn.
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