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Abstract  

The interaction of two surfaces is considered: an absolutely rigid and flexible surface. The task is to determine the carrier air layer between 
the surfaces and its change along the length of the coverage, depending on the speed of the air lubricant in each section. 
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1 Introduction 

In modern engineering, textile and instrumentation facilities, 
technical systems using gas-dynamic lubrication processes 
are widely used. Gas lubrication finds interesting and 
important applications in various types of bearings, and in 
particular so-called tape bearings (LP). LP, lubricated with 
air or other gas, provide a modern technical solution with 
significant advantages over other technical systems. In LP, 
lubricated with air, friction is much less. The friction 
temperature is so low that it can be neglected. Depreciation 
of LP, lubricated with gas, is much less. The use of external 
gas supply under pressure significantly expands the scope of 
the use of such bearings, since in this case they successfully 
operate at very low as well as at high speeds and forces. 

The developed mathematical models of the LP of finite 
and infinite width of the tape, considering the tangential 
forces from the air lubricant and the stress-strain state of the 
tape, allow simulating various regimes taking place in the 
active contact zone of a flexible and rigid surface [4, 5]. 

The main disturbing effects on the tape arise due to the 
tangential viscosity forces acting on the tape from the air 
layer side. The latter vary in length of coverage and depend 
on the speed of air lubrication in each section. The velocity 
distribution in sections is the main factor influencing the 
stress-strain state of the tape in the zone of active contact 
and the carrier layer. 

Since the process is considered to be isothermal and the 
air viscosity is constant, the equation of motion of an 
infinitely long cylindrical PL is reduced to the following 
system [1, 2]. 
𝜕𝜕Р
𝜕𝜕𝜕𝜕

= 𝜇𝜇𝑅𝑅0
𝜕𝜕2𝑢𝑢
𝜕𝜕𝑦𝑦2

 ,  𝜕𝜕𝜕𝜕
𝜕𝜕𝑦𝑦

= 0 ,   𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0. (1-3) 

If in system (1) - (3) pressure P is considered as a 
parameter, then the first equation of this system gives the 
velocity distribution u. This velocity distribution is easy to 
find, because the above equation contains only velocity 
derivatives with respect to φ, and the pressure does not 

depend on y and z. 
Let us integrate the first equation twice in y, and we get 

𝑢𝑢 = 𝜕𝜕𝜕𝜕
2𝜇𝜇𝑅𝑅0𝜕𝜕𝜕𝜕

𝑦𝑦2 + 𝐶𝐶1𝑦𝑦 + 𝐶𝐶2. (4) 

The integration constants C1 and C2 are determined 
from the following boundary conditions: for y = 0, u = V1, 
for y = h u = V2, and equal to 

𝐶𝐶1 = −
𝜕𝜕𝜕𝜕

2𝜇𝜇𝑅𝑅0𝜕𝜕𝜕𝜕
𝑦𝑦2 + 𝐶𝐶1𝑦𝑦 + 𝐶𝐶2 

𝐶𝐶2 = 𝑉𝑉1 

Thus, we have the speed distribution 

𝑢𝑢 = − 𝜕𝜕𝜕𝜕
2𝜇𝜇𝑅𝑅0𝜕𝜕𝜕𝜕

𝑦𝑦(ℎ − 𝑦𝑦) + 𝑉𝑉2−𝑉𝑉1
ℎ

𝑦𝑦 + 𝑉𝑉1. (5) 

It should be noted that the actual velocity distribution U is 

known only if h and the derivative 
∂P
∂φ

 are known. Due to the 

relative movement of surfaces in the lubricant layer, an 
overpressure occurs, and the distribution of velocities U in 
different sections is different. As the thickness h decreases, the 
speeds are redistributed so that the mass flow rate remains 
almost constant (in fact, this flow rate decreases in the direction 
of motion due to gas leaks through the ends of the bearing). 

The redistribution of speed occurs in such a way that the 
average speed 

𝜗𝜗 =
1
ℎ
� 𝑢𝑢𝑢𝑢𝑦𝑦
ℎ

0
 

Increases with decreasing h and vice versa. Make the 
following change of variables 

𝑢𝑢� = 𝑢𝑢
𝑉𝑉1

,   𝜕𝜕 = 𝜕𝜕
𝜕𝜕0

,     𝑦𝑦� = 𝑦𝑦
𝑅𝑅0

,     ƞ = ℎ
𝑅𝑅0

,     𝑉𝑉 = 𝑉𝑉
𝑉𝑉1

 (6) 

Formula (5) in a dimensionless form, considering (6), 
will be written in the following form: 



The 17th INTERNATIONAL SCIENTIFIC CONFERENCE 
INFORMATION TECHNOLOGIES AND MANAGEMENT 2019  
April 25-26, 2019, ISMA, Riga, Latvia Orynbet M, Bigaliyeva V 

33 
NC12 Nano Technologies and Computer Modelling 

𝑢𝑢 = − 𝜕𝜕0𝑅𝑅0𝜕𝜕П
2𝜇𝜇𝑉𝑉1𝜕𝜕𝜕𝜕

𝑦𝑦�(ƞ − 𝑦𝑦�) + 𝑉𝑉2−1
ƞ
𝑦𝑦� + 1 (7) 

The velocity varies according to a parabolic law, and the 
quadratic term is proportional to ∂P / φ. In a section where 
the pressure gradient is zero, U depends linearly on y. 

To plot the velocity profiles for various configurations 
in different sections of the LP, we use the simulation results 
for the example obtained in [4, 5]. 

 
 

2 Conclusion 

The equilibrium state of the tape in the active contact zone 
depends on the boundary values of the main parameters of 
the LP in the entrance zone. It has been established that there 
is an optimum value for the tape tension in the input zone at 
which the tape configuration tends to a circular shape. This 
allows you to optimize the characteristics of the LP and 
create the maximum possible carrying capacity of the 
lubricating layer. It is shown that as the control parameters 
of the LP can be used the tension of the tape and the 
thickness of the air film in the entrance zone of the LP. 
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