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Abstract 

The paper suggests the methodology of computational investigation of fluid and gas flow in the crescent-shaped gap of 
turbogenerator oil-free bearing on the basis of ANSYS CFX package. Numerical computation data have good convergence with 
empirical results obtained by other scientists for the same objects. Verification data prove the possibility of computational 
methodology implementation, at the first stage, in a limited sphere of engineering applications, particularly, when designing 
cooling systems for eccentric annulus of oil-free friction assemblies. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 

One of the important issues in developing oil-free friction assemblies, such as “dry” structures of metal-polymer 
friction bearing, is the design of the efficient cooling system, which is especially relevant to high-speed machines, 
such as turbine expanders. In such machines, where rotors have high rotation frequency (up to 200000 rev/min), and 
non-metallic bearing is installed in the machine body, the most advanced cooling system is the cooling of surfaces 
forming crescent-shaped gap of tribocoupling. The development of such systems requires the investigation of fluid 
flow in channels, heat exchange between the medium and the crescent gap walls at various geometric, mechanical, 
hydraulics and thermodynamic parameters of the cooled oil-free bearing operation. 
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Nowadays there are a lot of researches [1–8], concerning the investigation of Newtonian and non-Newtonian fluid 
flow [1, 2] between two concentric [3, 4] and eccentric cylinders [5, 6], with one or two movable walls or with non-
movable walls [6, 7], for the cases of cylindrical Couette flow [8], forcing axial and spiral flows [6]. However, in all 
the papers mentioned, as a rule, axial flow is analyzed; annulus size is more than 1 mm, while the size of the 
eccentricity ratio is from 0 tо 0.95. Furthermore, the object under study can have various inlet fluid directions (from 
the radial to the axial one) and axial outlets in two opposite directions, the gap size being less than 1 mm, and the 
eccentricity ratio considerably differs from the parameters of the  analogous objects, studied by other researchers, 
including those mentioned above. That is why this paper, aimed at the investigation of fluid flow in crescent-shaped 
gap of turbogenerator oil-free bearing, is of current interest. 

2. Study subject 

2.1. Physical object 

The study subject is the crescent-shaped gap of the cooled oil-free friction bearing of the turbogenerator friction 
assembly with the fluid flowing inside (fig. 1). By fluid denote Newtonian fluids and gases contained in the 
turbogenerator as a working medium, or supplementary medium, such as water, fuel, air, nitrogen, natural gas and so 
on. The cooled oil-free bearing friction assembly is a structure (fig. 1), consisting of a rotor and a bearing, including 
channels between coupling surfaces, forming a crescent-shaped gap, where cooling medium is supplied. The radial 
bearing is considered. Mechanical contact between the bearing and the rotor, followed by the dispersion of heat 
energy, occurs on the surface, limited by the contact angle (2φo) not exceeding 180о. Other geometric parameters of 
tribocoupling change throughout the wide range are defined by the machine and bearing structural characteristics.  

 

 

 
 

Fig. 1. Principle scheme of metal-polymer mounting friction assembly: 1 – non-metal bearing; 2 – rotor; 3 – fluid supply tube; 2φo – shaft and 
bearing contact angle 

2.2. Mathematical modeling  

Main assumptions, accepted in the paper, are the following: the process of gas and fluid flow is steady; heat 
exchange between a friction assembly, its cooling system and ambient environment is neglected; heat liberation in 
the friction couple is neglected; isothermal fluid flow is considered; single-phase fluid flow is considered; macro 
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divergence of the bodies geometrical parameters are neglected; geometrical parameters, caused by the wearing 
process and the body temperature change, are neglected. 

As a result, the system of equations [6], describing the laminar process of the fluid flow in the microgap consists 
of the mass-conservation equation and the impulse law: 
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where v is fluid velocity vector, τ is viscous stress tensor,  F is volume force vector,  p is static pressure,  ρ is 
density. 

Viscous stress tensor components τi,j are defined as follows: 
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where μ is dynamic viscosity; ui is velocity vector components; δij is Kronecker symbol. 
For the investigation of turbulence flows semi-empirical turbulence models, which require the solving of 

averaged Navier-Stokes equations, are usually used. 
Non-dimensional geometric characteristics, non-dimensional parameters and non-dimensional axial velocity are 

defined by the following equations [6]: 
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where  is diameter ratio, d is rotor diameter, D is diameter of the bearing internal surface, G is non-dimensional 
distance from the rotor wall, m is distance from the rotor surface, g is current gap height in various sections,  is 
radial gap, R is radius of bearing internal surface, r is rotor radius, ε is eccentricity ratio, е is eccentricity, Reω  is 
azimuth Reynolds, ReQ is axial Reynolds, ν is kinematic viscosity, ω is angular rotor velocity, U  is non-dimensional 
axial velocity, u s axial velocity component, U average axial velocity. 

Single-valued conditions are the following: geometrical conditions are defined by diameter, axial and angular 
parameters of the friction pair and the tubes, as well as by the channel system, inside the bearing and on the bearing 
and rotor surfaces; physical characteristics of the medium (density, viscosity) were defined by using substances 
characteristics library ANSYS; initial conditions are neglected, because they are necessary while studying non-
steady processes. The pre-set boundary conditions of the mathematical model are the following: the medium mass 
consumption at the inlet of the tube, the pressure at the outlet of the crescent-shaped gap ends; angle velocity, no-
slip condition and roughness factor on the crescent-shaped gap wall, formed by the rotor surface; the slip condition 
on the wall of the crescent-shaped gap, formed by the bearing surface and on tube wall. 

3. Methods 

The computational model includes the following: geometrical model; grid model; fluid (gas) model; turbulence 
models; and boundary conditions. The development of the geometrical model as well as the fluid (gas) model is 
standard. Geometry development is made in SolidWorks package; while developing the fluid (gas) model physical 
characteristics of computational domain, analyzed in 2.2, are defined. The boundary conditions of the computational 
methodology are considered in 2.2. 

In this paper, to complete the equation system RANS, Menter model SST was used. The main difficulty in SST 
model implementation is the necessity of using rather small grid in the neighborhood of the walls. 
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The grid development is performed in the ANSYS ICEM CFD application by the block method with the use 
structured hexahedral grid. After the block structure development, the conversion into unstructured hexahedral grid 
is made. During the series of computation, the recommended values of y+, for the rotor surface (fig. 2а) are defined: 
y+≤1.5 velocity inaccuracy is less than 2%; for the bearing surface (fig. 2а) and tubes: y+≤15.  Grid cell growth 
factor is assumed as equal to 1.2; cell growth law is linear. Finite elements grid is performed in azimuth (fig. 2а) and 
axial directions (fig. 2b); it is uniform, elements quantity in these directions is accepted is equal: 1-2 cells per 1 mm 
of the model. The exception is the crescent-shaped gap flow block neighboring to the tube block (fig. 2c), in this 
part the grid is made as non-uniform, the growth factor is assumed as 1.2. The tube grid is characterized by the 
following parameters: in the radial direction the value of y+≤15, the growth factor is 1.2; in the axial direction – 2 
cells per 1 mm, in the tube area neighboring to the gap it is necessary to provide the grid clustering according to the 
linear growth law with the growth ratio equal to 1.2. The size of the last tube cell is assumed as equal to the size of 
the neighboring cell in the area of the gap. 

 

Fig. 2. Grid flow model: (а) radial and azimuth direction; (b) axial direction; (c) flow inlet from the tube into the gap 

4. Results and discussion 

Taking into account the lack of experimental data for the system, considered in 2, computational methodology 
verification is realized for analogous objects, differing by the system part formed by the eccentric annulus. During 
the suggested computational methodology verification, the computations were compares with the experimental 
results obtained by other authors [6, 7 and others].  
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Fig. 3. Comparison of the distribution of the dimensionless axial velocity of the air flow for the computational Laminar model  with experimental 
data [6] at ϴ=0.506, ReQ=105, Reω=0: a – ε=0.2; b – ε=0,8; c, d – velocity parametres in radial section at  ε=0,8 (c – colored; d – contoured); 

 - section ОА,  - section ОB,  - section OC,   - section OD 

For example, fig. 3 presents verification results for the fully developed axial laminar air flow through the 
eccentric cylinders. The computation made proved the adequacy of the suggested computational methodology for the 
study of the cooling system of the eccentric annulus, formed by the bearing and the rotor surfaces. It was established, 
that, concerning the laminar flow, fine precision of the experimental and computational results is provided by the 
computational model Laminar ANSYS CFX; concerning the transition and the turbulence flows – by the 
computational model SST CFX. At the same time, for the case of circular fluid flow maximum divergence values for 
the velocity do not exceed 1%, for eccentric channel with medium axial flow (fig. 3) – 2.5%, for spiral flow – 5%. In 
general, the results obtained can be regarded as satisfactory, and the computational methodology – as applicable to 
the tasks of this type. 

5. Conclusion 

In conclusion, the methodology of computational investigation of the gas flow in the crescent-shaped gap of the 
turbogenerator oil-free bearing on the basis of ANSYS CFX package was developed. Taking into account the lack of 
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experimental results for the object, considered in 2, computational methodology verification was carried out for 
analogues objects. The comparison with the experimental research results proved the adequacy of the suggested 
computational methodology and the possibility of its implementation, at the first stage, in the limited area of 
engineering applications for investigating and developing the cooling system of crescent-shaped gap in the 
turbogenerator oil-free bearing. In general, average divergence of the fluid flow parameters in various coaxial and 
eccentric annuli, in the area of laminar and turbulence flows do not exceed 5%. It is estimated, that, in the area of the 
laminar fluid flow it is necessary to use computational model Laminar ANSYS CFX, in the area of the turbulence 
fluid flow the satisfactory divergence of the results is provided by computational model SST CFX. As a result of 
computation series, the recommended values for y+ are found: for the rotor surface y+≤1.5; for the bearing and 
tubes surfaces y+≤15. Further, with the aim to enlarge the sphere of the suggested methodology implementation, 
experimental study and verification of the computational methodology for the object, design scheme of which 
corresponds to the one considered in 2, are necessary. 
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