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Abstract. The heat released by local exhaust ventilation is one of the most
common hazards emitted during various industrial processes in industrial
buildings. This work solves problems in order to find the numerical
solution model that most adequately describes the development of a free
convective jet above a flat heat source and a convective jet near the side
hood located above the heat source. Various turbulence models and options
of wall functions are considered for application in the study of a free
convective jet. The data showed that the closest to theoretical results are
those obtained when using the standard k-e model together with standard
wall functions.
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1 Introduction

The heat released by local exhaust ventilation is one of the most common hazards emitted
during various processes in industrial buildings. When the air temperature in a room
deviates from the normal one (23-25 °C, at which a person’s productivity is assumed to be
100 %, and the physical condition is assessed as the norm), the productivity and well-being
of a person decrease.

Local exhaust ventilation is used together with general exchange ventilation to provide
the most efficient operation of the ventilation system in rooms with heat surplus. The main
types and designs of local exhaust devices were presented and systematized in [1-3].

To determine the most efficient local ventilation system, it is important to know the
characteristics of the harmful substances spreading in the room as a result of the production
process. Some works investigate the characteristics of a free convective jet arising at a
vertical plate and a horizontal heat source [4-7].

Several authors considered the efficiency of collecting dust particles by local exhaust
hoods. [8-11]. In this articles authors studied the vortex zones near the local exhaust hoods
and their influence to the efficiency of collecting. The comparison of the efficiency of
collecting of the side hood when capturing gas and heat emissions is given in the articles
[12,13].
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The works [14-16] consider numerical modeling of the operation of local exhaust
devices when working together with supply jets.

This study aims to select a model for the numerical solution that most adequately
describes the development of a free convective jet above a flat heat source and a convective
jet near a side hood located at a certain height above the heat source. To achieve this goal,
the task is solved in two stages:

- Assessing the influence of turbulence models on the characteristics of a free
convective jet;

- Assessing the influence of wall functions on the characteristics of a convective jet
developing near the side hood.

2 Methods

The problem is solved numerically using the Fluent software package [17]. Fig. 1 shows the
considered geometries of the problems being solved.

E
\J ==
t‘\%\:,% :‘ \

T

Fig. 1 a) Free convective jet; b) Convective jet near the side hood.

At the first stage, the problem of natural convection near a flush-mounted heat source is
considered. The size of the heat source is 2by=0.2 m, its power is Qo = 400 W, the studied
area has the following dimensions: width 2B = 2.2 m; height H =2.2 m.

The problem considers the effect of application of different turbulence models presented
in the Fluent software package on jet characteristics (axial velocity and excess temperature
on the convective jet axis). To close the Reynolds-averaged Navier-Stokes equations, the
following equations of turbulence models are used: with one equation (Spalart-Allmares
model), with two equations («standard» k-¢ (KES), RNG k-g, k-¢ realizable and «Reynolds
stress» RSM).

At the second stage of the study, a side hood with a width of 2h = 0.2m with a constant
suction speed uy=0.7 m/s (Fig. 1b) is considered. It is located at a height of h1 = 0.75m. The
geometry of the studied area is the same as in stage 1. The average suction rate is
determined based on the conditions presented in [18]:

lha =0.032(%j 1+1,5g(£_0_2) (1)
b b

where Q. is the convective part of heat release.
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The change in flow characteristics calculated using different wall functions is
considered. The Fluent software includes two main models — using wall functions (Standard
Wall Functions (SWF) and Non-equilibrium Wall Functions (NWF)) and Enhanced Wall
Treatment (EWT). When using wall functions in the area near solid walls, special semi-
empirical equations are solved to relate the values on the wall and in the flow core, which
are obtained by solving the Reynolds equations of motion.

This study adopts the following boundary conditions:

—LK (air outlet) — Velocity inlet: uniform velocity profile, velocity is directed along the
normal to the boundary: uy = const; k=0; £ =0;

—AB, CD, AF, FE, ED (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;

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

As a result of the solution, a change in the axial parameters of the convective jet was
obtained. The results are presented in the dimensionless form.

To select the most adequate model for the numerical solution, the results obtained were
compared with the known theoretical data for a free convective jet [19, 20].

3 Results and discussion

The streamlines obtained using different versions of turbulence models show a similar
qualitative nature of the flow of a free convective jet arising at a heat source (Fig.1a). An
exception is the k~~-w model. When using this model, the jet turned out to be curved. So, this
model is inadequate and cannot be used to solve problems of natural convection (Fig.2a).

To compare the results obtained numerically, we used the expressions for determining
the axial velocity (2), presented in [19] and equation (3) [20]:
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where ;y is the dimensionless axial velocity; ¢, is the air heat capacity, p- is the air density
at infinity for the ambient air temperature To, Pr; is the turbulent Prandtl number (0.85),

; = y/b, is the dimensionless coordinate.

The numerical calculations showed that the convective and radiation components of heat
release are different when calculated using different models of turbulence (Table 1). The
convective component was further used in calculations (expressions (2) and (3)).

Table 1. Convective and radiation components of heat release.

Turbulence |y iondard k-e k-eRNG | RSM SA
model realizable
Qrad 51.82 45.27 53.35 43.7 54.13
Qconv 28.18 34.73 26.65 36.3 25.87
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Fig. 2. a) Flow streamlines for k-w turbulence model; b) The change in axial velocity along the jet
height calculated using different turbulence models.

Figure 2b shows the change in the jet axial velocity calculated using different turbulence
models. The curves obtained from expressions (2) and (3) are also shown.

At a distance of about 12by, the jet has an initial section. In this case, equation (3) does
not make sense, since it is suitable only for the main section of the jet. In the main section,
the most adequate results are obtained using the k-¢ standard and RSM models.

Figure 3 shows changes in dimensionless excess temperature along the jet length
obtained numerically and using expression (4) [20].

2/3 -1
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where Az, is the dimensionless excess temperature on the jet axis.

The results obtained numerically are close to each other. The closest value to theoretical
data is obtained when using the standard k-& model.
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Fig. 3. The change in excess temperature along the jet height calculated using different turbulence models.
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Fig.4 The change in axial velocity along the jet height calculated using different wall functions.

As in the previous case, the axial velocity of the convective jet (maximum velocity in
sections), which develops near the side hood, has been determined. Figure 4 shows the
change in jet velocity calculated using different wall functions. To compare the results
obtained, we added a curve for the axial velocity of a free convective jet. The closest results
are obtained using standard and non-equilibrium wall functions.

4 Conclusions

The performed numerical study considered all variants of turbulence models when
considering a free convective jet and variants of wall functions. The results showed that the
closest to theoretical results were those obtained when the standard k-e model together with
the standard wall functions were used.

This model of numerical solution will be further used to study various options of side
hoods near a heat source.
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