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VERIFICATION OF FLUID FLOW CALCULATIONS IN VORTEX CHAMBER
SUPERCHARGERS
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Abstract. On the basis of numerical modeling (URANS) by means of specialized program complexes
verification of fluid flow calculation in vortex chamber superchargers was carried out. It is deter-
mined that it is better to apply a model of incompressible liquid for calculations with the turbulence
model, considering the streamline curvature and system rotation (SST curvature correction).
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BEPU®UKALIVS PACYETOB TEUEHUI
B BUXPEKAMEPHBIX HAIT'HETATEJIAX

A.C. Porosoii, go1u., K.T.H.,
XapbKOBCKM HAUMOHAJIbHBINA ABTOMOOWIbHO-10POKHbIN YHUBEPCUTET

Annomayus. [lymem cpagnenus ¢ IKCNEPUMEHMATbHLIMU OAHHBIMU NPOBEOCHA Gepudurayus mame-
MAMUYECKO20 MOOETUPOBAHUSL MEeYeHUsl 8 BUXPEKAMEPHbIX HASHEMAMENX HA OCHO8E UCNOb308AHUSL
CReyUuanu3uUpPOBaAHHbIX NPOSPAMMHBIX NPOOYKMOos. [loryueno, umo 01 pacyemog yuule npuMeHsims
MOO€eb HECHCUMAEMOU HCUOKOCMU C MOOeNbio MypOYIeHMHOCMU, YUUMbleaoujel KpUueU3Hy IuHull
MoKa u paujeHue nomoxa.

Knrouesvie cnosa: suxpexamepHulii HazHemamenb, YUCTEHHble PACYEmbl, PACX00 BCACHIBAHUS, KPU-
BU3HA TUHUL MOKA, NONPABKA, MOOelb MypOYIeHMHOCU.

BEPU®IKAIISI PO3PAXYHKIB TEUIi Y BAXOPOKAMEPHUX HATHITAYAX

A.C. Porosuii, go1u., K.T.H.,
XapkiBcbKUil HANIOHAJIBLHUIT ABTOMOOILHO-T10POkKHIil yHIBepcUTeT

Anomauia. Llnsxom nopieHaums 3 eKCnepuMeHmaibHuMyu OaHUMU NPOBeOeHo sepuhikayito mamema-
MUYHO20 MOOENI0BAHHSL MeUil y BUXOPOKAMEPHUX HACHIMAYAX HA OCHO8I BUKOPUCMAHHS Cheyiani3oea-
HUX NPOPAMHUX BPOOyKmie. Ompumano, wo 015 pO3PAXYHKIE Kpauje 3aCmoco8y8amu Mooeib HeChu-
CAUBOT PiOUHU 3 MOOELTI0 MYPOYIeHMHOCMI, WO 8PAX0BYE KPUBUSHY NIHIUL CIMPYMY U 00epmaHius no-
MOKY.

Kntouoei cnosa: suxopoxamepHuil HaeHimay, YUCI08i PO3PAXYHKU, BUMPAMA 8CMOKMYBAHHS, KPUBU3-
Ha AIHIT cmpymy, NONPAsKa, Mooeib MypoOyieHmHOC.

Introduction

Today, the methods of numerical calculations of
various fluid and gas flows have become wide-
spread. However, despite significant growth of
computer power, turbulent flows calculation,
remains one of the challenges of fluid dynamics
computation [1]. Though, recently its applica-

tion has increased in the methods of direct nu-
merical simulation (DNS) and large eddy simu-
lation (LES), their wide practical application is
observed in hydroaerodynamics problems solu-
tion, for today is practically not possible, owing
to extreme computing work content [2, 3].
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Therefore, at calculations of difficult flows, it is
necessary to use the semiempirical methods bas-
ing on Reynolds averaged Navier-Stockes equa-
tions. Semiempirical models and their updates
exists much enough and, unfortunately, for to-
day, there is no universal model of this kind,
besides there is a pessimistic appraisal of that
the look-alike universal model will be hardly
constructed [3]. Therefore, at study of such and
such pneumatic and hydraulic units and applica-
tion packages of CFD, first of all, it is necessary
to effect verification of used models for selec-
tion approaching turbulence model with the
minimum errors from experimental data.

Analysis of publications

In many industries, working conditions are diffi-
cult and use of pumps and compressors vane and
displacement types leads to the raised expenses
for equipments replacement and a manufacture
stop owing to the raised deterioration of mobile
working bodies and sealing [4]. Besides, influ-
ence of vibration, temperatures, presence of
abrasive particles and liquids chemical aggres-
sion reduce efficiency and worsen performance
data of the superchargers used in such service
conditions [5].

It is possible to reduce the working costs by
using of more reliable and durable superchargers
which the superchargers concerning the fluidics
are: jet pumps [6], vortex injectors [7] and vor-
tex chamber superchargers [8]. Jet devices pos-
sess high indicators of reliability and durability
owing to absence of mobile working parts, are
widely used in difficult service conditions, but
have low enough indicators of efficiency which
do not exceeding 30 % [9].

It is possible to improve power efficiency indi-
cators , using more perfect ways of energy trans-
fer in designing of jet devices which are devel-
oped vortex chamber superchargers [10]. Owing
to a combination in their work not only energy
transfer by means of a turbulent exchange, but
also action of centrifugal force it is possible to
raise efficiency, especially at pumping dry sub-
stances [11]. These superchargers concerning
the fluidics, possess high indicators of reliability
and durability, thanks to absence of mobile parts
[12].

The first mentions about vortex chamber super-
chargers have appeared in publications [13, 14],
i.e. they yet have no wide spreading in the in-

dustry and large-scale researches including by
means of computing methods, practically it was
not spent. Thus, actual there is a problem of
model turbulence selection for simulation of
fluid flows in vortex chamber superchargers
(VCS) for maintenance of the minimum calcula-
tion errors and parameters prediction of a fluid
flow.

Features of working process in VCS, first of all,
are connected with hydrodynamic features of the
swirled flows, such as vacuum presence on an
axis of a rotating flow and excess pressure upon
peripheries [15]. Hence, turbulence model selec-
tion for fluid flow calculation in VCS demands
from model of the adequate description and ef-
fects prediction of the swirled flows [16]. For
today, many researches concerning a choice of
turbulence models for various devices at which
there are confined vortex: cyclones [17], vortex
valves [18], vortex pipes and vortex injectors. In
the majority of the works devoted to the descrip-
tion of fluid flows in vortex devices authors
come to a conclusion that the most suitable from
the computing duration and by criterion of a cal-
culations error minimality the simulation model
on a basis Reynolds averaged Navier-Stockes
equations with use SST turbulence model with
rotation-curvature correction [19]. Comparison
of fluid flows simulation results in vortex cham-
ber superchargers with use of various turbulence
models and their updatings for today was not
spent.

Analysis and problem statement

The aim of the work is verification of fluid
flows mathematical modelling in vortex cham-
ber supercharger on the basis of the numerical
decision of the Reynolds averaged Navier-
Stockes equations by means use specialised pro-
gram complexes.

Materials and methods

Verification of numerical researches was made
by comparison of experiment results with CFD
simulations in program complex OpenFoam
[20]. Comparison was made on integrated pa-
rameters such as the fluid flow rate on an input
channel of the device (the supply fluid flow
rate), the fluid flow rate on an exit from the de-
vice and the fluid flow rate which is pumped
over VCS. Comparison on integrated parameters
is dictated by that essential nonstationarity fluid
flow and vortex core precession in the chamber
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leads to that fluid flow kinematic characteristics
in the device change the values, therefore to
measure them and to make comparison difficult
enough. Except a quantitative estimation of in-
tegrated parameters calculation errors, qualita-
tive comparison of fluid flow patterns for what
experimental sample VCS has been executed
with transparent face covers was made. The es-
timation of calculation errors is executed for two
designs VCS: with and without radial diffuser,
installed in the exit axial channel (fig. 1).

Experimental setup for physical research includ-
ed vortex chamber supercharger, blower, receiv-
er and measuring equipment. Pressure in chan-
nels was measured by manometers, ambient
temperature — mercury thermometers, the fluid
flow rates in channels — flowmeters. Air was the
working and pumped over medium in experi-
mental researches.

d

(p, Q)out
b

Fig. 1. 3D VCS model: a — VCS without radial
diffuser; VCS with radial diffuser, installed
in the exit axial channel

On the basis of the article analysis [2, 3, 16—19],
devoted CFD modeling of the swirled flows in
various devices one can draw a conclusion that
to the best on calculation time and accuracy of a
kinematic parameters prediction is SST turbu-
lence model with rotation-curvature correction
[19]. Application of more perfect models DNS,
LES, and also hybrid demands considerable time

expenses and high-efficiency computer systems
[2] that complicates carrying out of a great
number of calculations by optimization of a su-
perchargers flowing part. Therefore in the given
work it was used SST turbulence model and its
correction for definition of the most suitable to
flow simulation in VCS. Following calculation
models were compared: coarse NCF — calcula-
tion of an incompressible liquid on a coarse
mesh, coarse NCF-CC — an incompressible lig-
uid on a coarse mesh taking into account the
rotation-curvature correction, coarse CF — a
compressed liquid on a coarse mesh, coarse CF-
CC —a compressed liquid on a coarse mesh with
curvature cirrection, NCF — an incompressible
liquid, NCF-CC — an incompressible liquid with
curvature correction, CF — a compressed liquid,
CF-CC - a compressed liquid with curvature
correction.

b

Fig. 2. Design mesh of VCS: a — without radial
diffuser; b — with radial diffuser

The mesh (fig. 2) consisted of 7 million ele-
ments for simulation VCS with radial diffuser
and 4,5 million elements for VCS without radial
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diffuser, and has been constructed so that to
provide parameter Y+<2. The greater number of
elements for the device with diffuser is caused
by reduction of the elements size in diffuser ow-
ing to small width of the channel (fig. 2, b). The
choice of elements number has been dictated by
comparison of calculation results on more
coarse meshes and meshes with a great number
of elements (a 15 million order). As a result of
calculations it has been received that use of
meshes with number of elements more than 7
million not rationally, owing to absence of the
big differences in errors, but considerable com-
puting expenses.
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Fig. 3. Errors of fluid flow calculation results in
VCS with the radial diffuser: a — fluid flow
rate in the exit channel; b — fluid flow rate
in the supply channel; ¢ — fluid flow rate
sucked in the device

At the task of boundary conditions of axial exits
and vortex chamber entries that in the swirled
flows pressure is distributed on stream radius
was considered. Therefore the rated operating
conditions has been increased and exit boundary
conditions on new boundary face where pressure
is almost equal to zero are set and does not
change on radius [12].

The main results of the research

On fig. 3 results of fluid flow calculations com-
parison in vortex chamber superchargers with
the radial diffuser and the integrated parameters
gained experimentally are resulted.

As it is possible to see from fig. 3, models tak-
ing into account curvature of streamlines and
rotation have the least errors. At application of
these models of compressible liquid calculation
of the fluid flow rate on an exit and the supply
channels makes an order of 10 %. Incompressi-
ble liquid models give for these two fluid flow
rates an error on 2-3 % the big. Differently with
the sucking fluid flow rate in the device. Here,
models of incompressible liquid calculation tak-
ing into account the rotation-curvature correc-
tion have the minimum error, and this error con-
siderable — exceeds 15 %. The calculations spent
for compressible fluid led to increase in a calcula-
tion error of the sucking fluid flow rate in the de-
vice which made more than 30 %. From what it is
possible to draw a leading-out that it is better to
apply model of incompressible liquid to calcula-
tions VCS with model of the turbulence consider-
ing curvature of streamlines and rotation.

The difference in calculation errors of sucking
fluid flow rate originates owing to different
magnitude of vacuum on an apparatus axis
(fig. 4). On fig. 4 pressure patterns in VCS with
and without the radial diffuser are resulted. Ow-
ing to nonstationarity fluid flow in VCS, and
also a vortex core precession [21] calculations
were spent in transient statement. At comparison
of the patterns resulted on fig. 4 it is possible to
notice that the greatest vacuum on an axis is
gained at calculation of model NCF-CC shown
on fig. 4, b that explains the least sucking fluid
flow rate error. Thus, than more precisely the
model predicts vacuum on an axis, especially
exact there are calculations as a whole.

Besides, correct prediction of vacuum on an axis
is necessary for the further calculations of gas
bubble behaviour getting in the vortex chamber
[22].
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Rotation-curvature correction use allows to
compute the sucking fluid flow rate on 5-15 %
more precisely, in connection with more exact
calculation of vacuum magnitude on an axis.

On fig. 5 results of fluid flow pattern calcula-
tions in vortex chamber superchargers without
the radial diffuser and the integrated parameters
gained experimentally are resulted.
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Fig. 4. Design distributions of pressure: VCS
with diffuser, model CF-CC; VCS with dif-
fuser, model NCF-CC; VCS without dif-
fuser, model NCF-CC

As it is possible to see from fig. 5, models tak-
ing into account streamline curvature have the
least error. Unlike calculations VCS with radial
diffuser, here not all models could predict pres-
ence sucking fluid flow rate in the device. So,
for example, calculation on model coarse CF,
has led to the negative sucking fluid flow rate,
i.e. to ejection of a working flow from the vortex
chamber outside.
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Fig. 5. Errors of fluid flow calculation results in
VCS without the radial diffuser: a — fluid
flow rate in the exit channel; b — fluid flow
rate in the supply channel; ¢ — fluid flow
rate sucked in the device
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At calculations VCS without the radial diffuser,
simulation inaccuracy of the sucked fluid flow
rate more than inaccuracy for VCS with the dif-
fuser. For such construction of a supercharger
crucial there is use of model with rotation-
curvature correction since the sucking fluid flow
rate, for many calculation models, on order sur-
passes the sucking fluid flow rate calculated
without curvature correction.

'b‘

Fig. 6. Profiles of velocity in VCS: a — with the
radial diffuser; b — without a radial diffuser

Originating negative the sucking fluid flow rate
is well visible on fig. 6 where the field of veloci-
ty vectors in VCS is demonstrated. The sucking
fluid flow rate discharge rate in supercharger
formed on a axial of the vortex chamber, thrown
out flow of the device — on periphery of the axi-
al channel of an input that it is possible to see on
fig. 6, b.

Conclusions

On the basis of the numerical decision of the
Reynolds averaged Navier-Stockes equations by
means use specialised program complexes veri-
fication of mathematical modeling of a fluid
flow in vortex chamber supercharger is effected.

It is better to apply model of incompressible flu-
id to calculations VCS with turbulence model to
the effects of streamline curvature and system
rotation.

Use of rotation-curvature correction allows to
simulate the fluid flow rate of suction on
5-15 % more precisely, owing to more exact
calculation of vacuum magnitude on axis.

At calculations VCS without a radial diffuser,
simulation inaccuracy of the sucking fluid flow
rate more than inaccuracy for VCS with a dif-
fuser. For such construction of a supercharger
crucial there is use of model with rotation-
curvature correction since the sucking fluid flow
rate, for many calculation models, on order sur-
passes the sucking fluid flow rate calculated
without curvature correction.
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