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DEVELOPMENT OF A METHODOLOGY FOR CALCULATING THE PRESSURE DE-
VELOPMENT OF A METHOD FOR CALCULATING THE PRESSURE FIELD 

FOR THE NONISOTHERMAL FLOW OF A VISCOUS LIQUID IN GYROSTATIC BEAR-
INGS WHEN PROCESSING LARGE-SIZED STEAM TURBINE SHAFTS 

Abstract. A mathematical model for calculating the pressure field of a hydrostatic support with an incom-
plete girth angle for a non-isothermal flow of a viscous working fluid using the iteration method is developed. 
The fundamental laws of hydrodynamics and the hydrodynamic theory of lubrication are used. The pressure 
field is calculated by jointly solving the Reynolds equation, the energy balance equation  and the flow rate 
balance equation, as well as additional relationships for the thermophysical parameters of the working fluid, 
obtained by approximating the tabular values. The mathematical model of the pressure field takes into account 
all the characteristics and operating parameters of the hydrostatic support with an incomplete range angle, 
by setting the boundary conditions and geometric parameters of the working surface of the support liner. The 
developed system is solved by the numerical method of finite differences. A comparative analysis of the static 
characteristics of different designs of a hydrostatic support with an incomplete range angle is carried out. 
Recommendations are given on the choice of the number of pockets in the design of liners for a hydrostatic 
support with an incomplete range angle to ensure guaranteed floatation and maintain a given value of the 
working clearance in the fluid friction zone of the shaft journal and the bearing surface of the hydrostatic 
support liner when turning shafts of steam turbine. 

Keywords: hydrostatic bearing with incomplete range angle, Reynolds equation, bearing capacity, dy-
namic viscosity, temperature, density, friction power loss, flow rate. 

REFERENCES 

1. Srinivasan V. Analysis of Dynamic Load 
Characteristics on Hydrostatic Bearing with Variable 
Viscosity and Temperature using Simulation Tech-
nique. Indian Journal of Science and Technology. 
2013. No. 6. Pp. 4797 4803. 

2. Waheed Ur Rehman, Guiyun Jiang, Yuanxin 
Luo, YongqinWang, Wakeel Khan, Shafiq Ur 
Rehman, Nadeem Iqbal. Control of active lubrica-
tion for hydrostatic journal bearing by monitoring 
bearing clearance. Advances in Mechanical 
Engineering. 2018. No. 10. Pp. 1 17. 

3. Xibing Li, Xun Wang,Ming Li, Yunshi Ma, 
and Ying Huang. The Research Status and Progress 
of Heavy/Large Hydrostatic Thrust Bearing. 
Advances in Mechanical Engineering. 2014. No. 8. 
Pp. 1 9. 

4. Jian Cao1, Xiaocong Zhu, Feiteng Li, Xin 
Jin. Modeling and constrained optimal design of an 
ultra-low-friction pneumatic cylinder with air bear-
ing. Advances in Mechanical Engineering. 2019. No. 
11. Pp. 1 13. 

5. Nebojsa N., Zivota A., Jovan D., Dragan R., 
Stjepan G., Mitar J., Velibor K. An Analytical 
Method for the Determination of Temperature Dis-
tribution in Short Journal Bearing Oil Film. 
Symmetry. 2020. No. 12. Pp. 1 19. 

6. Feng Shen, Cong-Lian Chen, Zhao-Miao 
Liu. Effect of Pocket Geometry on the Performance 

of a Circular Thrust Pad Hydrostatic Bearing in Ma-
chine Tools. Tribology Transactions. 2014. No. 57. 
Pp. 700 714. 

7. Lazarev S.A., Savin L.A., Solomin O.V. Ap-
proximation of thermodynamic properties of cryo-
genic working bodies [Approksimaciya ter-
modinamicheskih svojstv kriogennyh rabochih tel]. 
Collection of scientific works of scientists of the 
Oryol region. 1996. Pp. 24 28. (rus) 

8. Maksimov V.A., Batkis G.S. High-speed 
sliding bearings of hydrodynamic friction [Viso-
koskorostnii jpori gidrodinamicheskogo trenia]. 
Kazan: publishing house "Feng", 2004. 406 p. (rus)

9. Shatokhin S.N, Zolotpreva G.B. Sliding 
bearings with an external source of pressure [Opori 
skolizhenia s vneshnim istochnikom pitania]. 
Krasnoyarsk Polytechnic Institute, 1974. 157 p. (rus)

10. Popikova. A.A., Buchko I.A. Rotor dynam-
ics on controlled hydrostatodynamic supports [Dina-
mika rotora na upravlyaemyh gidrostatodinamich-
eskih oporah]. Problems of mechanics of modern 
machines. 2012. Vol. 3. Pp. 1 3. (rus) 

11. Samarskiy A.A., Gulin A.V. Numerical 
Methods [Chislenii metodi]. Mechanical 
Engineering: Science. 1989. 432 p. (rus) 

12. Sedov L.I.  Continuum Mechanics. Vol. 1 
[Mechanika splochnoi sredi]. Science. 1970. 492 p. 
(rus) 

13. Temis M.Yu. Calculation of static and dy-
namic coefficients of a sliding bearing taking into ac-
count the deformability of its working surfaces 
[Raschet staticheskih i dinamicheskih koefficientov 



                                                                           2021,  

106 

podshipnika skol'zheniya s uchetom deformativnosti 
ego rabochih poverhnostej]. Bulletin of the Gomel 
Technological University named after P.O. Sukhoi. 
2004. No. 4. Pp. 25 32. (rus) 

14. Korneev A.Yu., Shenbo Li. Calculation of 
pressure and temperature fields in the lubricating 
layer of conical hydrostatodynamic bearings 
[Raschyot polej davlenij i temperatur v smazochnom 
sloe konicheskih gidrostatodinamicheskih podship-
nikov]. Bulletin of the Bryansk State Technological 
University. 2017. No. 1. Pp. 12 24. (rus). 

15. Connor J. Brabbia K. Finite element method 
in fluid mechanics [Metod konechnich elementov v 
mechanike gidkosti i gaza]. Leningrad: 
Shipbuilding. 1979. 264 p. (rus) 

16. Vargaftik N.B. Handbook on thermophysi-
cal properties of gases and liquids [Spravochnik po 
teplofizicheskim svoistvam gazov igidkostei]. 
Moscow: Science, 1972. 720 p. (rus). 

 
Information about the authors 
Vasilyev, Andrei A. Postgraduate student. E-mail: const333@mail.ru. Peter the Great St. Petersburg Polytechnic Uni-
versity. Russia, 195251, St. Petersburg, st. Polytechnic, 29. 
 
Received 12.04.2021 

 
:  

// 
. . . . 99 106. DOI: 10.34031/2071-7318-2021-6-7-99-106

 
For citation: 
Vasilyev A.A. Development of a methodology for calculating the pressure development of a method for cal-
culating the pressure field for the nonisothermal flow of a viscous liquid in gyrostatic bearings when processing 
large-sized steam turbine shafts. Bulletin of BSTU named after V.G. Shukhov. 2021. No. 7. Pp. 99 106. DOI: 
10.34031/2071-7318-2021-6-7-99-106 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


