ATLANTIS
PRESS

£

Advances in Engineering Research (AER), volume 157
International Conference "Actual Issues of Mechanical Engineering" (AIME 2018)

Calculated model of wedge-shaped sliding supports
In turbulent friction regime

Akhverdiev Kamil Samedovich

«Rostov state transport university» (RSTU),
2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya
sq., Rostov-on-Don, 344038, Russia
vm_2@kaf.rgups.ru

Lagunova Elena Olegovna

«Rostov state transport university» (RSTU),
2, Rastovskogo Strelkovogo Polka Narodnogo Opolcheniya
sqg., Rostov-on-Don, 344038, Russia
lagunova@rambler.ru

Abstract— The solution of the problem has been found on the
bads of a system of equations describing the motion of an
incompressible liquid electrically conductive lubricant for the
case of a "thin layer", the continuity equation and the expression
for the dissipation rate of mechanical energies to determine the
function caused by the melt of the guide surface coated with a
melt of a fusible coating. Asymptotic solution of a system of
differential equations taking into account the boundary
conditions on the surface of the guide, slider and contour are
found in the form of series in powers of the small parameter K,
caused by the melt and the rate of dissipation of mechanical
energy. To determine the velocity and pressure fields in the
lubricating and molten layer, a precise self-similar solution for
the zero and first approximations is found. As a result of finding
the exact self-similar solution, the value of the function, caused by
the melt of the guide is found.

The influence of the following parameters has been estimated:
caused by the presence of an electric field, Hartmann number,
caused by the melt and the rate of dissipation of mechanical
energy on the main operating characteristics of the thrust sliding
bearing (bearing capacity and frictional force).

Difference from the existing design models of sliding supports
operating on the melt of a low-melting coating is the
consideration of a whole range of variable factors allowing
increasing the accuracy of models approximating to the real
needs of practice.

The results of numerical analysis show that the design models
of thrust sliding bearings have been significantly refined as a
result of additional simultaneous consideration in their
development of the dependence on the hydrodynamic pressure
and temperature of such important factors as electrical
conductivity, as well as the effects of magnetic induction and
electric field strength.

Keywords— melt; low-melting coating; wedge-shaped support;
electrically conductive lubricant; energy dissipation rate
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I. INTRODUCTION

The main friction knot of modern machines is sliding
bearings, lubricated with liquid lubricants. For modern
engineering practice, sliding bearings are designed taking into
account the increase in static and dynamic loads. At high load
and speed regimes, the use of mineral oils as lubricants causes
certain difficulties. They are realized in the form of scratching
and seizures of | and Il kind. To avoid these drawbacks,
especially when leaking or evaporation of the lubricant from
the bearing, a backup lubricant may be the coating of the
bearing surface of a low-melting metal bearing sleeve.

Lubrication with liquid metals is used at temperatures at
which conventional lubricating media undergo irreversible
physicochemical properties. The advantage of lubrication with
the melt is that the lubricant is formed in the contact area
where it is necessary. Melting delivers a sufficient amount of
lubricant material to the friction zone, there are no mechanical
and structural difficulties associated with its feeding.
Lubrication with a melt was studied in many applied
problems, in particular, in the processes of forming and cutting
metals [1-12]. A large number of works have been devoted to
hydrodynamic calculation of sliding bearings in the absence of
a lubricant and taking into account the dependence of the
viscosity of the lubricant on pressure. A significant drawback
of the friction pair operating on melt lubrication is a low load-
bearing capacity. In addition, the lubrication process with the
lubricant is not self-sustaining.

The works are devoted to theoretical analysis of the work
of radial and thrust sliding bearings in the presence of a
lubricant of a tribological system caused by the melt of a
surface covered with a low-melting metallic melt when taking
into account the dependence of the viscosity of the lubricant
on pressure [13-16].

A number of works are dedicated to the development of
the design model of radial and thrust sliding bearings, taking
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into account the rheological properties of micropolar

fusible coating [17-24].

In this paper, the solution of the problem is given for the
case when the lubricant has the properties of the eIectricaIﬁP

conductive lubricant.

Thus, the development of theoretical bases for th
calculation of tribosystems lubricated by a metallic melt

, 1
viscoelastic lubricant, taking into account the dependence of
the viscosity of the lubricant on the pressure and melt of th
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The liquid medium is a viscous incompressible fluid.

2  All the heat released in the lubricating film goes to
fhe melting surface of the material of the guide.

3  The effect of turbulence can be reflected using the
efficient j >1, to which the viscosity should be multiplied

in order to obtain the effective viscosity value. In addition, it is
assumed that this coefficient can be expressed as the following

function of the Reynolds numbej = 0,0139R&% | where

taking into account the rheological properties of an electricallyRe=pu'f /u,l is the Reynolds numbey, is the dynamic
conductive lubricant under the condition of the action of aNjiscosity, h, is the film thickness in the initial sectiop, is

electromagnetic field, the justification of a dynamics an
lubrication model that outstrips the real processes occurring

d

glensity, u” is the movement speed slidér,is the length of

the lubricating layer, and the creation of algorithms andhe fixed working surface of the bearing (slider).
software for solving practical tasks, increasing the reliability
of machines and mechanisms determines the relevance of this Ill. INITIAL EQUATIONS AND BOUNDARY CONDITIONS

article.

Il. TASK SETTING
The turbulent flow of a viscous electrically conductive

As initial equations, we consider the dimensionless
equations of motion of a lubricant possessing electrically
conductive properties for the case of a "thin layer" with
allowance for (1), the continuity equation, and the formula for

lubricant between an inclined slider and a guide is considere#le rate of dissipation of mechanical energy for determining
It is assumed that the surfaces of the slider and the guide dhe function ®(x), caused by the molten contour of the
separated by a layer of a lubricant having electricallysuface of the guide:

conductive properties, the slider is stationary, and the guide

made of the material with a low melting point moves toward

the narrowing of the gap at a speg€d(Fig. 1).

1
yl
F
ho |
g | u* — x"
— 2

Fig. 1. Working scheme

The dependence of the viscosity and electricalf

conductivity of a liquid lubricant is given in the form:

p=e"PPT o=t PRT (1)
where ' is the coefficient of a dynamic viscosity of the
lubricant; p' is hydrodynamic pressure in the lubricating
layer; a',B' are experimental constant values; is electric
conductivity of the lubricating materiall is temperature in
lubricating layer.

The conditions for the motion of an infinitely wide slider
are considered under the following assumptions:

2
ﬂ:—l ﬂ)ﬁ- —A au+ﬂ’:0,
ay?  je™ P dx ox
2
do(x) " gy
=K = | dy, 2
ey | oy ) 2)

where u,v are components of the velocity vector of the
9oBfY
Ho
I§={O;By;0} is magnetic induction vector: ={0;0;E,} is
the electric field strength vecto, is the component of the

lubricating medium; N = is Hartmann number,

magnetic induction vector;, is the component of the electric

: 0,BER}
ield strength vector4 = %oBENy

*

Hol

is the magnitude caused by

presence of an electric field =

M is the parameter due
L

to the melt and the rate of dissipation of mechanical energy,
L' is the specific heat of fusion per unit volume.

At that, the valuesE:{O;By;O} and E ={0;0;E,} are
assumed to be given and satisfy the Maxwell equations:

divB=0, rot E=0. (3)
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Values B, E and the flow velocity of the electrically written as:
conductive lubricant are such that the magnitude of the current
strength can be neglected on the electric and magnetic fields.
ov
In a Cartesian coordinate systextoy the equation of the V(O—H(X)) =v(0) —[a—yj
contour of the slider and the molten surface of the guide can

be written in the form. au
ulo-H(3) =02

SO

SO

We seek the asymptotic solution of the system of

wherea’” is the angle of slope to the axis<’ . differential equations (2) with allowance for the boundary
The boundary conditions in this case are written in th%cﬁqn;”'tlpozﬂzrgtg?d (8) in the form of series in powers of the

y=0

y =h+x'tga’, y=-o(X), @) =0

form:
u=0, v=0 at y=Hnx=h(x) V(% Y+ Ky(x g+ K y( x y+...,
u=0, v=-1 at y=-®(x), U=Uy(% Y+ Ky(x y+ K y( x y+...,
®(x)=g =Kgp=0 at x=0, (5) D(x) = -Kd, (X) - K2, (%) - K3dy(R-..., (9)
P P=p(+ Kp(A+ K p(x+ K g X..,
p(0)=p()="%,
p
. T=To(+ KRR+ KB 3+ RI( x..,
_ltga
wheren=——.
The relations between dimensionless and dimensional 1 =g (X) + Kug(X) + K2u2(><)+ K3u3(x)....

guantities are given in the form:

Adding (9) into the system of differential equations (2),
taking into account the boundary conditions (5), we obtain the
following equations:

— for the zero approximation:

0= pT =TT, B=TP, =2, w=ug,

I 2
a—VZO—NVO+ A= - 1 dﬁ' %4.%:0, (10)
ay jno(x) dx ' ox  dy
6'=0¢0, 0= a* . p = ”‘;g l, (6) With boundary conditions:
p

Taking K, caused by the melt and the energy dissipation Vo =0, Up=0, at y=ZFnx

rate as a small parameter, we seek the functipr) as:

Vo=-1 u=0 at y=0, (11)
P (x) =-Kd, (x) -K?P, (x) - K34 (x)-...= H. @)

Boundary conditions for the dimensionless velocity _ N _ _
componentsu and v on the contoury=0-®(x) can be Po(0)= P (Y="+, Kd(0)=Kgo=0.

The work was has been made under the grant of Russian Railways No.
2210370/22.12.2016 for the development of scientific and pedagogical
schools in the field of railway transport.
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— for the first approximation:

1
(0)=0, %(0=-1 [T(e)de=0. m(0)= pf=-2.
0
ﬂz _ Wy (x) d_Fb+ 1 dp 0v +%= By the direct integration we obtain:
a2 jpd(x) dx  jue(x) dx ax ay
~ ) ~
Y= Co (25 g (s\=e S _[1.C
A mo(z)—7(z ), %(8)=C% [1+7Ja+1,
1 do () _ J‘ (avoJ
. = 50| @Y (12)
jno(x) dx ) oy
C, =6 (17)
With boundary conditions:
From the conditionp, (0) = py (1) = Pa \iith an accuracy
oV ouy
3] w3 w0 z
oy y=0 ay y=0 up to the terms of the second order of smalln@s($] ) for
C, we obtain the expression:
v=0, w=0 at h(x)==nx, (13)
C,=- [1+%n]—(N+A)(1+gnj. (18)

p1(0)= pl(1)= 0, Kq)l(q: Ka , q’l( ()z‘bl( ):a
IV. DEFINITION OFHYDRODYNAMIC PRESSURE

The dimensionless hydrodynamic pressure in
?ubricating layer is determined from equation:

Replacing in the first equation of system (2) the velocity v
by its maximum value equal to —1, the exact solution of th
problem for the zero approximation will be sought:

d d 1 dpn_ G , G
== Us(x ). 6= w(x ), T CERLCM M
To solve equations (19), we first defing (x). For this,
Wo (% ¥) =W (E), & :Tyx)' (14) differentiating o (x) = €% we obtain:
duo(x)_ ( dp, d-laj
- N =Ho(x)| a—=—B—| (20)
Vo(x 9= H(E), b (x 9 =-y(E)ON ¥ a e

Adding (14) into the system of differential equations (10),
taking into account the boundary conditions (11), we obtain

. dT,
In order to deﬂneaO we use the formula for the energy
the following system of differential equations: dissipation rate:

Pg=C,, Vp=Cp, U+t&Vy=0,

dT, 24, (XU h(X) 1 95(8) % (8)Y) 1

& Tene Awe ) & @Y
1 dﬁ: G + S +N+A (15) Adding (21) into (20) and making a series of
jug(x) dx  h?(x) K (X transformations, we obtain:

And boundary conditions:

0o(0)=0, ¥p()=0, G(I=0, %(}=C (16)
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1 duy(x)_ oG, , oG,

o +(N+A) 2oy Pe

O (X) h,)(); 22) po—1u03n(1 T )( ) 0
2+ 240 1BN(x) ¢ B5(€) | Vo(E)
el h(x)jda’

0

(26)

In order to defined)l(e) taking into account equations

(17) and (25), we come to the following equation:
where ¢, is heat capacity at constant pressure.

2
. . : d ] n ~I
Integrating (22), we obtain (;1)3(1 _ Juoh(X)j(wo(E) (E)] de. 27)
1

h?(x) h(x)
3 . (23)
we =1-a[ 3, (x) + . J [AlJ )+0,3,(x)+2(x)]. Integrating equation (27), we obtain:

: [ FAadx FA,dx FALdX
f o X=“] 1 + 2 + 3 J’
= 1) °[£h3(x> It

Sdving the equation (28) at the conditidt®, (0) = Ka ,
we obtain:

A, = J:.(V[)(E))Zdi =4; J (%)= :[ hkd(xx).

62

0,(0)= 1o S x-2n o & x-né) o4 ea | 29)

The exact self-similar solution for the first approximation
will be sought in the form:

Swbstitute the functionp, (x) by its averaged integral
value:

| (24) w =T (ey), w= (),
[ = hi(xy) =0 (8), &=,

11-0[ G, () +C,3,(x) |- (A 3,(9+8,3,( 3+4,4( 3] 1 1 h(x)

Solving the obtained equations A, Vi(xy)=vE), U(xy=-u(E)on ¥ (30

A, A, 35(x), J,(X), J;(X) within an accuracy ofO(nz) . . . . .

for il obtain the followi oo Adding (30) into the system of differential equations (12),
or { obtain the foflowing expression: taking into account the boundary conditions (13), we obtain
the following system of differential equations:

e L U N S T 0(E)=C H=Cy wrEn=O
—[102+ 5((N+A)+E( N+ A° +—;( S ,L)3ﬂ+ (25)

i%—ul(x)%: Czl + éz ) (31)
sl ool A{ -] o & o W) ()
2 2 4

Thus,

And boundary conditions:

g1(0)=0, @y (=0, w(I=0, y(}=o0
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1 ot 1
% (0)= =0, [W(8) €=0,p(0)=p,()=0(32)  whee A, =[P3 (&) W5 ()& 4, =[Py (&) W,(8)de:
0 0 0
By the direct integration we obtain: . )
) ) B, = [0;(2) 3, (2)de: A, = [, (£),(2)ck;
_C _e€ s ’ ’
tm(a)—;z(z -&), v(g)=¢, 7—[7 ]&+M
C, =6M (33) I
where
Swbstitute the functionpy, (x) by its averaged integral
value:
M—sup(av) @, (x) =
Aoa\ ay )|
N N+A1 n
1+DB{ -—+—+ A(—+—j+
:Zgﬁ{l—nx—zion(Zx—l)(HN;Aj— N; 1+nx)}< 2 6 2 4

_[CA(. 3 . 1 -
xJuO{lZ (x— S j+C2(x—nx2)+4( x5 ij+a}.

(37)
+¥ [(10—5] +(N+ A)(1+ﬁﬂ}
G 3 6
In order to find the valueé2 and to solve the equation for

Then for p, we obtain:
hydrodynamic pressure:

. = 3
S ~ P, = | BM (X —nx? +C2(X——nxzﬂ+ 38
L w9 €, G { (x=n¢) > (38)
o dx jug dx  h?(x) KN’

. N+A),
+3njp1(l+ 5 )(x - X).
we define ul(x) first. For this we differentiate the expression From the conditionpl(o) = pl(l) = 0 we obtain:
ul(x) - eap.I._BTl :
C,= —6M(1+ gj (39)
du, (x) _ dn dra aT 5 ()97 (34)
)=, () o () B ()3 B ()3

Adding C:‘z to (37) for[i; we eventually obtain:

. dT,
In order to define— we use the formula for the energy

dissipation rate: dx M =1 DB{_%+1EZ+ : J(;A(_12+D4)_ (40)
s oo gy s S

. . i ) V. RESULTS OF RESEARCH AND THEIR DISCUSSION
Adding (35) to (34) and making a series of transformations

up to termsO(Ka),we obtain: obtgi%r' the bearing capacity and the frictional force, we

—
i
—_—
=
SN—
1
H
|
N
|
B
(&
w
—
=
N—
+
(>
N
<
N
—
=
SN—
+
>
w
n
N
—
=
SN—
+
Dz
<—n

(%) ], (36)

351



ATLANTIS
‘ PRESS
TR P, _ B nﬁo( N+Aj

-——+Kp, dx= - 1+ +
hf J[”’ p pljd il 20 2 )@
i, GM(}—HJ—6M;IO(E—H) _%[1+N+Aj ,
2 3 2 4 2 2
LTp:llolzu*j' % + K=— dx =
h o Oyl  9Y|.,

:“0:_:{{;10](1—2 —(N;A)(1+2D +KM (4— 5n - 3ii, (1—3;)]}

W=
+K

oy
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1. A refined design model of a thrust sliding bearing
working under conditions of hydrodynamic lubrication with a
melt of a low-melting coating is obtained, taking into account
the rheological properties of the electrically conductive
lubricant, and also taking into account the dependence of the
viscosity and electrical conductivity of the lubricant on
pressure and temperature.

2. A significant contribution of the design parameter A
caused by the presence of an electric field, the parameter K
characterizing the rate of dissipation of mechanical energy, the
parameteB, characterizing the dependence of the viscosity of
the lubricant on temperature, and on the Hartmann number N.
As the parameters K, A, N increase, the coefficient of friction

For numerical analysis, the following range of parameteflecreases by 28%, and the bearing capacity increases by 12%.

changes has been used:

1o = 0.00102Hs/m? 1 = 0.3...1 m) = 0.1256...0.1884 m,
U =1.3m/s,h, =107 ...20° m
K =0.0000022...0.00052¢ = 6,47...66,44.
p, =0.08+ 0.10132411a, o = 0...1,L" = 35,33...38, H/m"

Based on the results of numerical calculations (the average

VI. CONCLUSION

The obtained results in the form of design models can be
used in the development and carrying out of verification
calculations of the structure of sliding supports operating on
electrically conductive lubricants.
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