
https://crossmark.crossref.org/dialog/?doi=10.18287/2541-7525-2022-28-1-2-106-112&domain=PDF&date_stamp=2022-12-29




108
Porfiriev D.P. et al. The structure of the swirling flow in the counterflow vortex reactor
Порфирьев Д.П. и др. Структура закрученного течения в противоточном вихревом реакторе

Fig. 1. The geometry of the principal part of the device used for numerical simulation: a – without bounding tube,
b – with bounding tube
Рис. 1. Геометрия главной части устройства, использованная для численного моделирования: а – без ограни-
чивающей трубки, б – с ограничивающей трубкой

and h are the mean and fluctuating velocity components, density, temperature, pressure, total energy, and
enthalpy, respectively; N is the energy source which total power was set to 0 or 500 W, µ, µt, µeff are the
molecular, turbulent, and effective viscosity coefficients, respectively; cp is the molar specific heat capacity
at constant pressure; κ is the thermal conductivity coefficient and Prt is the turbulent Prandtl number.

The no-slip velocity and fixed temperature boundary conditions were used for solid surfaces. Mass flow
rate was set equal to 1 g/sec at every tangential inlet with gas temperature of 300 K. At the outlets, pressure
equal to standard atmosphere was set. Temperature at the walls was constant equal to 300 K.

1.2. Numerical procedure

The whole system of equations for the non-stationary 3D turbulent swirling flow was solved using the
ANSYS FLUENT 15.0 program package. A second-order upwind scheme was used for spatial discretization
of density, momentum, energy and turbulent variables. The higher-order scheme does not provide any
considerable change. The diffusion terms are central-differenced and second-order accurate. The pressure values
at the faces were interpolated using the PRESTO! scheme developed for the flows of strong swirl behavior.

Transient terms were discretized using the fully implicit scheme of the second-order accuracy. Different
pressure-velocity coupling schemes were tested and gave equal results. So, the SIMPLE scheme was chosen as
the least resource consuming. The convergence was obtained when the residual reached 10−6 for the energy
equation and 10−4 for the continuity equation, the momentum equation, and the equations for turbulent
quantities.

The computational grid consisted of about 2.6⊕106 hexahedral cells. The skewness metric has an average
value of 0.15, the minimum value of orthogonal quality metric – 0.10, the mean one – 0.9. The time step
was fixed and set equal to 5⊕ 10−5 sec in order to achieve convergence at every time step in recommended
by ANSYS manufacturer iterations.

2. Results of numerical simulation
Axial velocity profiles of interest are shown in Fig. 2 and 3. Limited velocity ranges are used in order

to make pictures more contrast and highlight areas of negative values. For both realizations, with (b) and
without (a) additional bounding tube, there is pronounced counterflow which can suck out hot gas and
reaction products from the interelectrode zone. However, absolute values of axial velocity in that area when
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only primary outlet is open are relatively low which could lead to overheating and exceeding limits or the
used model. In the case of open secondary outlet (Fig. 2), there is direct flow sufficient to keep temperatures
in computationally allowed range (Fig. 3).

Presence of the bounding tube results in two changes of the flow characteristics. The first one, visible
from the axial velocity profiles, is narrowing of the stagnation area between electrodes, which in the case of
one outlet leads even to two almost splitted zones. The second one is intensification of reverse flow squeezed
between the cathode and the bounding tube. When the secondary outlet is open, it leads to shift of heat
flux distribution in favor of primary outlet: from ∼ 42% of thermal energy being carried away through it to
∼ 67%. Moreover, there is significant decrease in maximum temperature (Fig. 4) which seems to be result
of both aforementioned effects.

Fig. 2. The axial velocity distributions with (b) and without (a) the bounding tube. The secondary outlet is closed
Рис. 2. Распределения осевых скоростей с (b) и без (a) ограничивающей трубы. Вторичный выход закрыт

Fig. 3. The axial velocity distributions with (b) and without (a) the bounding tube. The secondary outlet is open
Рис. 3. Распределения осевых скоростей с (b) и без (a) ограничивающей трубы. Дополнительный выход

открыт
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Fig. 4. The temperature distributions with (b) and without (a) the bounding tube. The secondary outlet is open
Рис. 4. Распределения температуры с (b) и без (a) ограничивающей трубки. Дополнительный выход открыт

Conclusion
Results of modelling demonstrate viability of vortex reactor with reverse flow. Hot gas from interelectrode

area is carried away in both examined cases: closed and open outlet at the base of cylindrical anode.
Additional coaxial bounding tube which encircles the cathode significantly affects the flow characteristics.
Its presence leads to narrower interelectrode stagnation zone, redistribution of energy fluxes in favor of
primary outlet in the face of the whole cylindrical system and lower maximum temperature in the active zone
between electrodes. Still, there is a room for optimization. Possible parameters to explore include length of
both electrodes, radius and length of bounding tube. However, more experimental data are needed to select
criteria and range of search.
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