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Oorpynmosano eudip cmpyxmypu mamemamu4uioi mooeni
MennoziopasaiMHux Npouecie 6 MACHSTHUX NOPOHCHUHAX ONOp
pomopa I'T]]. Cpopmosana mpusumipna CFD-mo0env 0as po3-
paxynky 6azamogasnux meuiii 3 euxopucmanmam inopmauii
npo nomoxopo3nodia i mennioooMin, wo npedcmasaeni 6 HayKo-
6iil iimepamypi. Pozensnymi nioxoou i oxpemi modei, w0 6uKo-
pucmosyiomvcsa 0 oanux yinei. Ompumani piwenns Yy3zo0icy-
10MbCA 3 pe3yaomamamu eKcnepumMenmy Ha Mooeavhiil onopi i
3A2ANHONPUUHAMUMU YABTEHHAMU NPO NPOUECU 6 NPUCMPOSX
uvomy xaacy. Ipueedeni posnodin macaa 6 xamepi, ninii meuii
@a3, nons memnepamypu i weuOKOCMi, a MAK0XHC 6EKMOPU WEUO-
xocmi 0ns pisnux CED-moodeneii (VOF, Euler, Inhomogeneous) i
munie supimysaua (cmauionapruil i necmayionapnuii). Ha ocno-
61 AHATI3Y OMPUMAHUX Pe3YTbMAMIE 6CMAHOBIEHO, WO MOOEb
Euler 3 suxopucmannsm necmauionapnozo supimyeaia 0ae Haii-
MeHuy po30IHCHICMb 3 eKCNEPUMEHMATTLHUMU 3HAMEHHAMU KOe-
Qiuienma mennosiooa4i. B ycix eunadxax npu epaxyeanni cuau
MANCIHHA MAE MicUe acuMempuvnuil po3noodii MACAAHOT NJiG-
xu. B pesynomami 3minoemocss mepmiunuil onip noepanuuno2o
wapy i, omoice, Koepiyienm mennoiooani no oKpydIcHocmi Kame-
pu nidwunnuxa. Ile 6 3nauniii mipi eusnauac mennoeuil nomix
uepe3 cminKy xamepu. 3anponoHoeanuil memoo Mo0e068aH-
HA po001020 NPoYuecy 8 MACAAHIL NOPONCHUNL Onopu Ga3yemvCes
HA MAMeMaAMUUHOMY ONUCAHHI 2emepPO2eHH020 MOHOOUCREPCHO-
20 MACTSIHO-NOGIMPAHO20 NOMOKY 3 YMOBOI iHEepCii cmpyKkmy-
pu 060¢hasiozo nomoxy 6 npucminnii oéaracmi 3 KpanauHHoi y
oywbawmxosy. Ile dozeonse Ginvw mouno pospaxosyeamu mem-
nepamypHnuii cman enemenmis onopu pomopa I'T/] i cucmemu
3a0e3neuenns npaye30amnHoCcmi nNiOWUNHUKA WASIXOM KOPEKNHO-
20 eusnavenns xoediyicnma mennosiooaui 3 60Ky MACAANO-N0GI-
mpsanoi cymiwi. Po3poonena modenv dae Moycausicms 4ucenoHo
docaidvcysamu diezdammnicmo 6i0oMux i ompumamu Hoei Kopeas-
uiini 3anescnocmi 0151 cepe0nbo20 3Hauents Koeiyicima menno-
6i00aui 6 MACAANINU NOPOICHUNI ONOPU POMOPA, BUKOPUCMOBYBA-
HO020 npu incenepuux pospaxyuxkax. Taxosc dozeonse uucenvno
docidicysamu éniue eeomempii, vacmomu obepmanns pomopa i
sumpam pas na mennosiooany 6 MacAAHIL NOPOICHUHU
Kniouosi cnosa: wucenvne mooenrosanns, 6azamoasni
NOMOKU, MACTAHA NOPOHCHUHA, MACIIO-NOBIMPAHA CYMiUL, KOe-
Qiuienm mennosiooani
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1. Introduction

The development of aircraft gas turbine engines (GTE)
is inextricably linked to increasing the degree of rise in the
pressure and temperature of the gas at the inlet to the tur-
bine while reducing the mass and dimensions of the struc-
ture, the cost of auxiliary systems. Improving the efficiency
of GTE and developing new energy-efficient technologies in
the engine industry inevitably sets the tasks of improving
the oil systems, which is implemented by reducing the sup-
ply of ail to friction nodes in the supports of the GTE rotors
and by the rational design of the support nodes. Insufficient
supply leads to the intensification of wear and overheating of
support elements, destruction of bearings.

A promising direction in this regard is to model an oil
system at the stage of its design, where the thermal-hy-
draulic processes in the supports of GTE rotors are the

most complex and little-studied ones. A proper description
of processes in the support’s oil cavity, also referred to as a
“bearing chamber,” is the determining factor in solving the
task of improving the oil system.

The procedure for calculating the required pumping of
oil through the support and a mathematical model of ther-
mal processes in the oil system are often based on equations
of thermal balance and heat transmission for a single-phase
environment. The models that take into consideration the
multiphase nature of the flow hold only for individual geom-
etries. Given the need to blow the seals, the flow in the oil
cavity of the GTE rotor support is always two-phase, with
a high volumetric share of air. At the same time, due to the
rotation of the flow and gravity, there is significant hetero-
geneity in the distribution of oil and, as a result, in the heat
transfer coefficient along the wall of the chamber that forms
the oil cavity. Experimental data do reflect these features,



but studies have been performed for oil cavities in the sup-
ports of simplified geometry. The generalizing dependences
are rare and their applicability for oil cavities of the rotor
supports of an aircraft GTE needs to be checked given sig-
nificant differences in the geometry and mode parameters.
The heat transfer coefficient is a key parameter when cal-
culating the temperature state of the rotor support elements.
The relationship between the thermal and hydrodynamic
processes, the complexity of the chamber geometry that
forms the oil cavity and the boundary conditions require
that its determination should employ simulation techniques
based on the mechanics of multiphase environments and
computational fluid dynamics (CFD). Research conducted
by Safran, Rolls-Royce, and others companies testifies to
the relevance of this task and such an approach to modeling.

2. Literature review and problem statement

The use of computational fluid dynamics (CFD) methods
has expanded the possibilities of research into flow distribu-
tion and heat exchange in oil cavities. Since 2000, the Uni-
versity of Nottingham Technology Centre has reported many
results of the numerical simulation of an air and oil flow in the
aircraft engine bearing chamber. The application of the com-
mercially available CFD CFX software suite for the numeri-
cal study of turbulent airflow and the trajectories of oil drop-
lets in the experimental chamber was described in [1]. The
Navier-Stokes’s time-averaged equations and the k-¢ turbu-
lence model were used to describe the movement of airflow.
The movement of droplets was calculated using a Lagrange
approach. A similar approach was implemented in [2, 3]
when studying a two-phase air-oil flow in the bearing cham-
ber of the Rolls-Royce Trent aircraft engine.

The combined approach by Euler and Lagrange to cal-
culate the flow-distribution in the bearing chamber was
proposed in works [4, 5]. The calculations were carried out
in the ANSYS Fluent software package. The two-phase flow
of air and oil droplets was described using then Euler’s ap-
proach, implemented in the VOF (Volume of Fluid) model
of the homogenous multiphase current [6]. All phases were
considered as solid, regardless of their actual morphology.
The authors introduced the concept of a volumetric fraction
of the phase as another additional flow parameter. For all
phases, one system of equations is solved, including the
equations of maintaining momentum and the transfer of the
volumetric share of each phase.

Paper [7] describes a one-dimensional hydrodynamic
model that makes it possible to determine the average ve-
locity of airflow in the chamber, the tangential stress at the
surface of the film, and the distribution of the oil film along
the circumference of the bearing model chamber. It combines
the models of film motion [8,9] and airflow motion in the
chamber’s circular space [10]. These models are intercon-
nected by the shear stress from the air side, used in the film
motion model, and the velocity of film motion at the air-film
contact boundary used to close the interrelations of the air-
flow motion model.

The results of a numerical simulation of the two-phase
flow of liquid-gas in a cavity with a rotating shaft are report-
ed in [11]. The calculations were carried out in the ANSYS
Fluent software package using the Euler homogeneous mul-
tiphase flow model VOF, taking into consideration the forces
of surface tension and mass forces. The problem was solved

in a stationary statement for incompressible phases. The
computations involved the Realizable k-¢ turbulence model
and the implicit time-dependent sampling.

Calculating the trajectory of oil particle movement,
taking into consideration the use of steady and unsteady
solvers with different time steps, was reported in [12]. The
authors of work [13] used the VOF method and the SST k-
turbulence model with Turbulence Damping, as well as the
Compressive Interface Reconstruction calculation scheme
with the explicit second time sampling scheme, implemented
in the ANSYS Fluent, to model processes in the bearing
chamber. The application of such a scheme significantly
accelerated calculations while maintaining the required
accuracy. A similar set of models and settings, but applied to
the modeling of oil leaks through the labyrinth seals of the
bearing chamber, was proposed in [14].

Paper [15] reports an approach to simulate film behavior
at the bearing chamber walls, combining the VOF model and
the Euler thin-film model (ETFM). Such a model is used for
regions with a particularly thin film (less than the height
of the mesh cell), and for other regions, where the mesh’s
resolution is sufficient to describe the thickness of the film, a
standard VOF model is used. The two models are intercon-
nected by the source terms, which are part of the mass and
momentum equations, and the criterion that determines the
applicability of a particular model. This criterion was the
volume of a liquid phase in the cell.

Thus, to date, there is no universal procedure for de-
scribing multiphase currents in the oil cavities of the GTE
rotor supports. Each separate problem implies individual
approaches to the solution, and the construction of a mathe-
matical model implies the introduction of many assumptions.
The issue of choosing the structure of a mathematical model,
taking into consideration the capabilities of modern CFD
packages, remains open, which is why research in this direc-
tion is still relevant.

3. The aim and objectives of the study

The aim of this study is to substantiate the procedure
for constructing and improving a mathematical model of
the thermohydraulic processes in the oil cavities of the GTE
rotor supports. This would make it possible to improve the
accuracy of the calculation of the temperature state of the el-
ements of the GTE rotor support, to numerically investigate
the applicability of those known and to derive the new cor-
relation dependences for the mean value of a heat transfer co-
efficient. A possibility to numerically investigate the impact
of the geometry, the rotor rotation frequency, and the flow
rate of phases for heat output in the support’s oil cavity could
reduce the volume of experimental-finishing operations.

To accomplish the aim, the following tasks have been set:

—to justify the choice of the structure of an oil-air flow
model in the oil cavity of the GTE rotor support based on the
analysis of the workflow;

—to build a three-dimensional CFD model of ther-
mal-hydraulic processes in the oil cavity using the infor-
mation on flow distribution and heat exchange given in the
scientific literature;

—to analyze the impact of common approaches, models
of individual processes, and boundary conditions, on the re-
sults of calculations and their alignment with experimental
data.



4. Materials and research methods

The object of our study is the support’s oil cavity (Fig. 1),
described in works [16, 17]. Given the limited amount of
publicly available information on the results of experimental
studies in oil cavities and about the detailed conditions of
the experiment, and in order to verify the CFD model that
we constructed, chamber IT was examined (Fig. 1), for which
the results of the experiments are available [16, 17].

20 60

Fig. 1. Experimental bearing chamber

The heated oil enters, through a roller bear-
ing, the experimental chamber II, formed by
a rotating shaft and a fixed body. Through a
labyrinth seal, the air is fed into the chamber;
the air has the same initial temperature as the
oil. A mixture of oil and air comes out of the
chamber through the venting (atop the chamber)
and scavenge (bottom of the chamber) pipelines.

When constructing a mathematical model,
a turbulent stream consisting of two mutually
insoluble phases with the same pressures is

considered; in it, the carrier phase is air, the Shaft wall

(Adiabatic wall)

)

P = a‘ip?‘

For equations (1)—(4), the following designations are ad-
opted: H;, p?, u?, A? is the full enthalpy, density, dynamic
viscosity, and thermal conductivity of phase i, respectively;
U; is the phase i velocity vector; Jj;is the mass flow from
phase j to phase i in a unit of volume; Fy, is the lift force;
F, is the force of the attached masses; S, S4, Sk are the
source terms of the phase i mass, momentum, and energy,
respectively; C; (Uj —Ul.) and Cij.’ (T] —Ti) characterize the
interphase exchange of momentum and the thermal interac-
tion between phases i and j, respectively; a; is the volumetric
share of the phase. Their sum

6))

The above equations describe patterns in the movement and
heat exchange of an oil-air mixture inside the chamber and an
oil film, which is formed on the walls. For the case of a separate
description of the main stream and the film, additional interac-
tion conditions at their interface boundary are recorded.

The examined bearing chamber and the boundary condi-
tions are schematically shown in Fig. 2.
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Fig. 2. Schematic of the bearing chamber and boundary conditions
The momentum equation:

When modeling a multiphase flow, the boundary con-
ditions that were assigned included pressures at the outlet
from the venting and scavenge ports, the flow rates and
temperatures of air and oil streams entering the chamber,
temperatures at the surface of the stator, bearing, and shaft,
the shaft rotation frequency, the diameter of droplets reflect-

L4V (piUiUik) =

a% o,(F, —VP)+F, +

+ZC"(U ~U)+V(a (VU+(VU,) )+

+Z(Jﬂ =i l) @) ed from the bearing, heat flux through the transparent wall.
A geometric model of the chamber (Fig. 3) was built to

The energy equation: carry out numerical modeling. In order to reduce computa-
tional time costs while maintaining the acceptable accuracy

op.H, N of calculation, we used a structured grid with a minimal step
T+ V(piUiHi) = Z}Cij (T, - Ti)+ near the walls and a maximum step within the main volume.
. Based on the results of studying the mesh convergence, as

+V((Xi7u?VTi)+ Z(JJIH - J,H, ) (3)  wellasthe effect exerted on the result by the quality and size

= of the grid, further research involved an option with a total
number of elements of 0.7 million, where the minimum cell

The volumetric density of phase i is calculated from size is 0.02 mm and the maximum — 7 mm (Fig. 4).



Fig. 3. Geometric model

Fig. 4. Computational grid for the bearing chamber

The numerical simulation was carried out using the An-
sys CFX and Fluent software suits, 2019 R2 version.

5. Results of studying the flow distribution and heat
exchange in the oil cavity of the GTE rotor support

3. 1. Justification for choosing the structure of the
mathematical model of an oil-air flow
As regards the support’s oil cavity, the phase distribution
and a heat transfer coefficient from the wall are the main char-
acteristics. To determine them, it is necessary to solve conjugal
thermohydraulic problems in a three-dimensional statement for
a drip-air flow and the near-wall oil film under the boundary
conditions that depend on the geometric and mode parameters.
The mechanics of heterogeneous environments employ
both the Euler’s continual approach and Lagrange’s trajec-
tory approach. When using the latter, the velocity field of a
disperse phase is determined without taking into consider-
ation the impact on the carrier phase, the conditions of heat
exchange of the flow with the elements of the chamber are not
accurately described. As a result, the temperature and veloci-
ty of the droplets are not determined correctly enough, which
further affects the parameters of the near-wall oil film and,
consequently, the accuracy of the calculation of a heat transfer
coefficient. Given this, further modeling of the drip-air flow
was carried out using the Euler’s approach for both phases.
Based on the analysis of the scientific literatu-
e [11, 15, 18-20], preliminary calculations [21-24], and
recommendations on the application of models in Ansys [25],
12 structures of a three-dimensional CFD model were used for
this study. The best consistency with experimental data was
shown by structures based on the application of the Inhomo-
geneous (Ansys CFX), Euler and VOF (Ansys Fluent) models.
The Ansys CFX software suite implements the Inho-
mogeneous model as part of the Particle Model, which is
designed to describe the behavior of a two-phase flow con-
taining a continuous and dispersed phase. Based on the Eu-

ler’s approach, we modeled a heterogeneous monodispersed
oil-air flow with the condition of inversion of the structure
of the two-phase flow in the near-wall area from drip to bub-
ble, which made it possible to exclude from consideration a
mathematical model for phase three, the oil film. The area of
the interphase surface in the unit of the mixture volume is
determined from the following formula:

60cj

7

(6)

At high volumetric share values o, there may be a vio-
lation of the condition of the j phase existence as a dispersal
phase, which corresponds to the inversion of the structure of
the two-phase flow. In this case, the Particle Model imposes
a limit on the volumetric share o,,,=0.8 in accordance with
the algorithm:

max(ocj,ocmm) if (ocj < “max)

)

j : ’
1_ o amax’ amin] lf ((X’j > (X’max)
max

The condition oy,;,=107 excludes the interruption of
counting when the volumetric share of the disperse phase is
approaching zero.

The Ansys Fluent used the VOF and Euler models in
stationary and non-stationary statements. The VOF model
solves three motion equations based on phase velocity aver-
aging, a continuity equation for one phase, and an equation
of conservation of a volumetric share. When phase velocities
differ significantly, the accuracy of the model is compro-
mised. The Euler model solves six motion equations (three
for each phase), a continuity equation (for one phase) and
a conservation equation for a volumetric share. The pecu-
liarity of the Euler model is that the motion equations are
solved for each phase separately and linked together by the
interphase interaction factor.

5. 2. Developing a three-dimensional CFD model of
the thermal-hydraulic processes in an oil cavity

To date, there is no unified method for analyzing multi-
phase flows. Each individual problem requires an individual
approach that takes into consideration the specificity of a
workflow in the device and the basic parameters that need
to be defined.

Based on the analysis of literary data and test calcula-
tions, we have chosen a Pressure-Based solver and the Real-
izable k-¢ turbulence model.

Transfer equations for the turbulence kinetic energy & and
energy dissipation rate ¢ are recorded in the following form:

d d d u, | ok
O ok +-2(oku) =2 K |or
at(p )+E)x(p u) ax[(u+GkJax:|+

+G,+G,—pe-Y, +S5,

tor 2o}
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Here, y; is the turbulent viscosity; o, and o, are the
turbulent Prandtl numbers; G, and G, is the gain in the
turbulence kinetic energy at the expense of a gradient of the
averaged velocity and lift force, respectively; Yy, is the ener-
gy change at the expense of turbulent flow compressibility;
Sy and S, are the source terms; Cy, Cy, C3, are the constants
of the model; v is the kinematic viscosity.

The near-wall functions Scalable Wall Functions and
Enhanced Wall Treatment were used to correctly describe a
flow near the wall.

The results of modeling the distribution of oil and air
flows in the chamber are shown in Fig. 5-7.

H 1.000e+000

7.500e-001
5.000e-001

2.500e-001

1.000e-015
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Fig. 6. Air phase current lines
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Fig. 7. Oil phase current lines

The drops of oil under the influence of centrifugal forc-
es, and the airflow directly, accumulate on the wall of the
chamber, forming a film. According to the results of the
calculation (Fig. 5, 7), the thickness of the oil film on the
circumference of the chamber is variable. The velocity of film
motion is determined by the force of gravity and shear at the
film—air interphase.

5. 3. Analysis of the impact of approaches, models,
and boundary conditions on the calculation results

Our analysis of literary sources and our calculations
have shown that the processes of heat-mass exchange and
hydrodynamics in the oil cavities of the rotor support can be
described through different models, their settings, and the
types of the solver. And given the fact that each subsequent
version of the CFD software suite is complemented by new
features, the issue of the degree of applicability of a particu-
lar model becomes even more acute.

At the preliminary stage of the simulation, those struc-
tures and models that performed incorrectly or caused
problems with convergence were discarded. The most stable
solution was provided by the boundary conditions of “Mass
flow inlet” at the oil and air inlets, as well as “Pressure out-
let” at the outlets from the chamber.

The results of the comparison of calculations based on
the constructed model involving the steady and non-steady
solver, as well as two fundamentally different models, Euler
and VOF, for a control cross-section of 15° (relative to the
venting pipeline in the direction of shaft rotation) [22] of the
bearing chamber [16, 17] are shown in Fig. 8—10.

b

Fig. 8. Temperature field (K) of the “air-oil” mixture for the VOF model: a — non-steady solver; b — steady solver
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Fig. 10. Air velocity field (m/s): a — Euler model; b — VOF model

Fig. 9 shows that Taylor’s toroidal vortexes form in the  transfer coefficient. Over this region, the margin of error
central part of the chamber. A similar pattern is observed in  does not exceed 10 %. The maximum error of calculations
the case of the flow motion between two concentrically placed  does not exceed 30 %.
cylinders when the outer cylinder is stationary
and the inner cylinder rotates. In this case, the
circumferential flow velocity changes its value 3500
from zero at the surface of the stationary cylinder
to the velocity of rotation of the moving wall.

In order to select the structure of the
CFD model that suits best the problems with-
in the examined class, we compared the esti-  0q0

| @ o
mated and experimental data [16,17] Fig. 11. ) Ol

h, W/m2-K

3000

2500

The results of the comparative analysis show 1500
a qualitatively similar pattern of the change in
a heat transfer coefficient, which indicates the 1000
proper choice of the meaningful model when

calculating the flow distribution and heat ex- 300

change in the bearing chamber. In the range of 0 3 10 15 20
0..10 mm lengthwise the chamber in the exam- -@-Experiment ===CFX ——Fluent 1, mm
ined cross-section, the Euler model involving a

non-steady solver (the Fluent calculation) more Fig. 11. The results of comparing CFD calculations with
accurately describes the flow behavior and a heat experimental data




The impact of gravity (Fig. 12) was also investigated
as part of our work. The lowest heat transfer coefficient
values when gravity force is considered are observed in the
cross-sections with angular coordinates 195-240° relative to
the position of the venting pipeline. Increasing the thickness
of the film in this region increases the thermal resistance
of the boundary layer and, consequently, the heat transfer
coefficient drops. In the range of angular coordinates of
270-315°, where the formation of the film is difficult and
its thickness is insignificant, the heat transfer coefficient
reaches a maximum value. The chart in Fig. 12 shows that
disregarding the force of gravity can lead to a difference in
the heat transfer coefficient of up to 50 %.
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Fig. 12. Distribution of the heat transfer coefficient over the chamber’s

cross-sections

6. Discussion of the results of studying the thermal-
hydraulic processes in the oil cavity of the GTE rotor
support

Our results of numerical modeling show that the pro-
posed model properly describes the thermal-hydraulic pro-
cesses in the oil cavity of the GTE rotor support. It should
be noted that the accuracy of the calculation based on the
proposed model can be improved, in particular, by making
the grid smaller and by even the more detailed mathematical
notation of the processes in the near-wall area. However,
this will inevitably lead to a significant increase in the time
of computation, which will require even greater computer
resources and will inevitably go beyond engineering calcula-
tions. Thus, for a given problem, the average time of compu-
tation using the VOF model was about 700 hours (computer
with 16 cores), for the Euler model — about 1,300 hours.

The uncertainties associated with describing the behav-
ior of the oil film by setting the parameters for a drop flow
from the bearing and conditions of interphase interaction in
the near-wall area make it difficult to use existing models of
the workflow in the oil cavity of the GTE rotor support. As
the results of CFD modeling (Fig. 5) show, the thermal-hy-
draulic processes in the right and left parts of the chamber
are not symmetrical. This is primarily due to a change in the
direction of the shear (shear stress) force at the interphase
surface film/air+drops relative to the gravity force.

-=neglecting gravity force

Due to the impact of gravity, the film moves down-
wards. At the same time, the shaft in its rotation involves
the air that got into the chamber through the labyrinth
seals into circular motion (Fig. 6, 7). Where the directions
of airflow and the film are the same (Fig. 5, right side),
the velocity of the latter increases while the thickness
decreases. In the other part of the chamber, where the
air flows and film are diverted (Fig.5, left side), there is
braking of the film with an increase in its thickness. In
addition, in the left part of the bearing chamber, there is an
accumulation of oil near the venting port where it enters
the channel. This result is confirmed by experiments [26].

The comparison of the results of CFD
calculations (Fig.8-10) demonstrates, in
general, qualitatively close values of the
main characteristics of the flow for differ-
ent models and solvers. However, there are
also differences, which can lead to a signif-
icant error in determining the heat transfer
coefficients from the wall to the two-phase
flow in the chamber. Thus, when comparing
the temperature fields (Fig. 8) for different
calculations, the differences in tempera-
ture in some cross-sections reached 8 K.

When comparing velocity vectors
(Fig.9), certain discrepancies in the size
of vortex zones and their location were
identified. In the cross-sections near the oil
inlet, there was a formation of additional
local vortexes. At similar points of space
for different calculated cases, differences
in the velocity of individual phases reached
7 m/s, and mixtures — 5 m/s (Fig. 10). The
greatest discrepancy was observed in the
near-wall regions and places of sharp flow
turn, which can be explained both by the
complexity of the physics of the processes
themselves and by the imperfection of the
mathematical apparatus to describe them.

The comparison of calculated and experimental values
for a heat transfer coefficient (Fig. 11) reveals that the great-
est discrepancy is observed at the edge of the wall far from
the oil inlet (a distance of 18-20 mm). This can be explained
by the presence of vortex and stagnant zones in this part of
the chamber, the imperfection of the existing mathematical
apparatus to describe such zones, and the inability to fully
recreate the conditions of the experiment in the model.

Gravity force has a qualitatively important impact on the
distribution of the film. Due to its asymmetric distributi-
on (Fig.5), the complex movement of air (Fig.6) and oil
droplets (Fig. 7), there are different values of thermal resis-
tance of the boundary layer and, hence, the heat transfer co-
efficient. This fact is confirmed by the results of calculations
based on the model that we developed (Fig. 12).

It should be noted that in the proposed model the diam-
eter and velocity of oil droplets flying out of the bearing are
set as the boundary conditions. Therefore, the dependence of
these values on the regime parameters is not fully taken into
account. The issue of setting the boundary conditions on the
surface of the bearing and temperature field of the parts ad-
jacent to the study area is also not completely resolved. This
is especially true for those oil cavities in which a bearing
simultaneously serves as an inlet and outlet for oil fed into
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the chamber by nozzles. The answers to these questions can
be obtained mainly from experimental studies of actual GTE
bearing chambers.

7. Conclusions

1. The choice of the structure of a working process model
in the bearing chamber has been substantiated, based on
the concept of interpenetrating continuums, containing
the algorithms that take into consideration the formation
of a near-wall oil film and its interaction with the adjoining
drip-air flow.

2. To determine the phase distribution and a heat trans-
fer coefficient in the oil cavity, a three-dimensional CFD

Inhomogeneous and Particle models implemented in the
software Ansys CFX, as well as the Euler and VOF models,
given in the Ansys Fluent package. The model implies the
use of a steady and non-steady Pressure-Based solver.

3. The impact of approaches and models on the results
of the calculation has been analyzed. The best consistency
with the experimental values of a heat transfer coefficient
was shown by the Euler model using a non-steady solver, the
Realizable k-g¢ turbulence model, and the Enhanced Wall
Treatment near-wall function. It is shown that the uneven
flow distribution in the bearing chamber leads to a variable
value of the heat transfer coefficient, which has a significant
effect on the heat flux into the oil cavity of the rotor support,
on the temperature state of the oil and support elements.
Gravity significantly affects the formation of an oil film and

model of thermohydraulic processes was built based on the  must be taken into account in the calculation.
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