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ABSTRACT

The effect of transverse magnetic field and couple stress on the characteristics of sine curve slider bearings is
analysed in this paper. The expressions for pressure, load carrying capacity, frictional force and coefficient of
friction are derived. The results are presented for different operating parameters. It is observed that the effect of
applied magnetic field is to increase the pressure, load carrying capacity, frictional force and coefficient of friction
as compared to the corresponding non-magnetic case, and the effect of couple stress is to increase the pressure, load
carrying capacity, frictional force but decreases the coefficient of friction as compared to the corresponding
Newtonian case.
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I.  INTRODUCTION

Magneto hydrodynamics (MHD) is a phenomenon proceeding from the motion of electrically conducting fluids such
as plasma or fluid metals in the presence of electric or magnetic fields. Many researchers studied the concept of
Magneto hydrodynamics and its applications. Magneto hydrodynamics is used to find the effect of externally
applied magnetic field on the performance of the different types of bearings, Magneto-hydrodynamic lubrication of
finite slider bearings is analyzed by Lin [1], Hughes [2] studied the Magneto-hydrodynamic finite step slider
bearing, and they realized that the application of magnetic field which increases the load carrying capacity and the
frictional forces. Maki [3] studied the Magneto-hydrodynamic lubrication flow between parallel plates. Kuzma [4]
studied the Magneto-hydrodynamic finite journal bearing, Lin and Lu [5] presented dynamic characteristics of MHD
wide slider bearing with an exponential film profile and found that the presence of applied magnetic fields signifies
an enhancement of film pressure. Magneto-hydrodynamic slider bearing is studied by Snyder [6] and analyzed that
the load carrying capacity of the bearing depends on the electromagnetic boundary condition passing through the
conductivity of the surface.

Many researchers used the concept of couple stress theory to study the effects on all kinds of bearings. Wang et al
[7] studied the performance of dynamically loaded journal bearings lubricated with couple stress fluids. Yan-Yan
Ma at. al. [8] studied a dynamically loaded journal bearings lubricated with Non-Newtonian couple stress fluids, the
result concludes that couple stress fluids lubrication improves the bearing performance under dynamic loads. Gupta
[12] studied the effect of couple stress on hydrostatic thrust bearing. Several investigators [9-12] studied the
lubrication problems with Stokes [13] couple stress fluid theory as lubricant.

Hanumagowda [14] studied the effect of Magnetohydrodynamics and couple stress on steady and dynamic
characteristics of plane slider bearing, and analyzed that the MHD and couple stress effect improves the steady state
and dynamic stiffness and damping characteristics of the plane slider bearings. Biradar Kashinath [15] studied MHD
effect of composite slider bearing lubricated with couple-stress fluids, and they found that the fluid film pressure,
load carrying capacity, frictional force and coefficient of friction increases as the strength of the magnetic field
increases. Naduvinamani [16] studied the effect of MHD couple stress on dynamic characteristics on exponential
slider bearing, and shown higher efficiency for small film thickness at higher value of Hartmann number. The
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effects of couple stress on porous slider bearings by Bujurke et al [17] and found that the load carrying capacity
increases and coefficient of friction decreases. Many researchers [18-20] studied the effect of
Magnetohydrodynamics with couple stress on fluids for different types of bearings and plates.

Analysis of MHD effect on sine curved slider bearing lubricated with Non-Newtonian fluid has not been studied so
far. In this paper, the Analysis of MHD effect on sine curved slider bearing lubricated with Non-Newtonian fluid is
analysed.

The physical configuration of the sine curved slider bearing of length L lubricated with incompressible electrically
conducting couple stress fluid in the presence of applied magnetic field is shown in Fig. 1. The lower plate of the
bearing slides with velocity Uin X - direction and an external transverse magnetic field B, is applied in Y —
direction. It is assumed that couple and body forces are absent and the effect of internal forces is negligible compare
to viscous terms. Under these conditions, the governing basic equations for the flow of couple stress fluid in the
presence of applied magnetic field are reduced.

1.  MATHEMATICAL ANALYSIS

The physical configuration of the sine curved slider bearing of length L; lubricated with incompressible electrically
conducting fluid in the presence of applied magnetic field is shown in Fig. 1. The lower plate of the bearing slides
with velocity U in x- direction and an external transverse magnetic field B, is applied in y — direction. Under these

condition, the governing basic equations for the flow of couple stress fluid in the presence of applied magnetic field
reduces to the form,

Z_u%:(’ @
X
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Where u, v are the velocity components in x and y directions respectively, p is the pressure, p is the fluid viscosity, #
is a new material constant responsible for the couple stress fluid.For the sine curved slider bearing, the mathematical
expression for film thickness is

h=h +(h, —m){l—sin[;[—z)}

where h, is the inlet thickness and h, is the minimum thickness at the exit.

The boundary conditions are:
At the upper surfaces (y = h)

2

At the lower surfaces (y = 0)
o’u
u :U, W = 0 V= 0 (5)
On solving equation (1) and (2) using the boundary condition (4) and (5) we get
U heh  op
u=—-——¢ - £ (6
where
& =81—&n & =8, —&, for aMZI? /i <1 (7a)
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G =80 —8n1 & =6 —&y Tor 4M§|2/h§ =1 (7b)

& =818y & =85 =&y Tor 4M02|2/h§ >1(7c)
Mo denotes the Hartmann number given by M, = B h, (0'//1)1/2 and n/u=1°
The associated relations in equations (7a), (7b) and (7c) are given in Appendix A.

h
. . ho
l T Y Sine Film

Figure 1: Sine curved slider bearing.

Integration of the continuity equation (1) over the film thickness and the use of boundary conditions (4) and (5) give
the Reynolds equation in the form

0 Gp} dh

LlithiM) e = (8

8x{( o)ax o (8)
6hZh? 2_p?
YRFT E/:h Ez Ah_%l for 4Mg*/kg <1
HWo 1 2 tanh 22 _ 2 tanh 22

B 21 A 2l

212 | 2(Coshlh/+/21 ) +1
GTI\:{ (Cosh(n/21) 1) 2_'} for aMZ17 1% =1 (9
HIVE,

32sinh (n/v21)-h/1  h

6h§h2{ M, (CosB,h+CoshAh) 2]

where f(h,I,M,) =

_ : -t for 4aMZI° /R >1
uIMZ | h, (A,SinBh+B,SinhAh) h

A :(B1 - AiCotQ) B, = (AL + BICOtQ)

Introducing non-dimensional quantities

> 2
X*:ll *zpho I*:ﬂ,h*:

h o 1/2 ) i ) o
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Substituting above values in equation (8) we get

i{f(h*,l o® } l
OX dx
L1 S Va5 I ) PRVEY
I'MZ{ A% Bh B?__Ah h
—tanh —————tan ;

(11)

*2 * [p* *
where £*(h", 1, M) = | 22 1+Cosh(v2h"/I') L e Y
I"Mg | (3/5/2)sinh(v2h"/1")=(h"/1") h
12h*2 | M, (CosB h" +CoshA’h")  |*
I'MZ | A'SinB/h" +B,SinhA'h™ I’
% %

. 1—|*2|v|2% . 1-1"2Mm %
A:{ ul 5 ¢) } B :{(fo} A =2M, /I'Cos(6/2) , B =[2M, /1" sin(#' /2)
0" =tan (JrZMg _1) A =(B -~ ACotd’) B, =(A +BCotd)

The pressure boundary conditions are given by
P =0at x"=0,1

(12)
Integrating equation (10) using the conditions (12) we obtain
p* =6 j #dX*'FK _[ %d)(*
o (1 M) o F(h, 1T M)

(13)
1 *

fr h*hl* M dx
where K = — —%=0 (h.1.Mo)

1
[ —
o T, M)
The load carrying capacity per unit width is given by

w :j pdx (14)

The non-dimensional load carrymg capacny is given by

1 oy
=6 — dx"dx” + K #dx dx (15)
-Uof(h ", M,) !XJ‘of(h,l,Mo)
The components of stress tensor required for calculating frictional force is
o
o oy
h p
=-G(h,I,M,)-
Ty ly-o ( ) > ox
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2 2 2
%{A— coth (B—h)—B—coth (A—hj} for 4MZ17 /¢ <1
2h; (A°-B°) | B 2l A 2l

whereG(h,I,M,) = foraM?21° /2 =1

LU | h+32isinh(h/21)
161* | cosh(h/v/21)-1
&{(Kl —K,Cotd) SinhAh+(K,Coté + K, ) SinB,h

2 CoshAh—CosB,h

} for4aM?21? /R2 >1

K, =M /1, Cos (6/2) 1 (1M, /b, ) 1 4in* (6/2) ]
K, = My /I, Sin (6/2)[1+(1M, /h, ) {1-4Cos” (6/2)}]

The frictional force is given by

F:j(t ) dx=JL'[—G(hI M,)— NP }dx(16)
$ Ay : O 2
The non-dimensional frictional force is
1 1 h* K 1 1
F*:jG(h*,l*,Mo)dx*+3j S — dx*+—j S S— (17)
0 o [S(h, 17, M) 290 &(h 1", M)
"M " ae e - )
ﬁ(A_*cothB*h —B* cothA*h ] forMZ1? <1
24(A”% -B?)\ B
. 2h" +3421"Sinh (+/2h" /17 .
where G™(h",1",M,) = 1*2 V2 (\/_ / ) forMZ1™? =1
48l Cosh(«/2H/1")-1
K —K,Cot&" ) SinhA'h" +(K Cotd" + K, ) SinB h" .
(K -K; ) SinhATh” + (K, ;) SinB, forM21™? >1

12(CoshA'h" ~CosB/h")

K; =/2M, /I"Cos (¢ /2)| 1-(1"M, /2) {1~ 4sin? (¢ /2) }]
K; =/2M, /I'in(67/2)| 1+(1"M, /2) {L- 4Cos? (6" /2)}

) - )
|l*i:2 A? é*Ah* BB*z) AR _:1_* for M, 1™ <1
0 —tanh ————tanh —,
B
12h° 1+Cosh(v/2h"/1") I

S, 1 M) =

™ {(s/@sinhmh*/r)—(h*/r)‘h*
12h" {MO(Costh*JrCoshAfh*) I }

I'MZ | A/SinB.h" +B;SinhA'h"  h’

} for M1 =1

forMZ1? >1
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The coefficient of friction is given by

*

F

*

C=-— (18)

I11.  RESULTS AND DISCUSSIONS

ISSN 2348 - 8034
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The effect of Non-dimensional couple stress parameter I” and Magnetohydrodynamics on Sine film slider bearing is
presented in this paper. The parameter Mo is the Hartmann number and I* (= 21 / h) where | (= (#/k )Y?) arises due
the presence of small polar additives in the lubricant. The dimension of (» / W) is of length square and this length
may be regarded as chain length of the polar additives in the lubricant. Hence in the present analysis the following
range of values of Non-dimensional parameters are used to obtain the bearing characteristics.

e Hartmann number My =0 - 3.
e  Couple stress parameter 1"=0-0.6.
e  Film thickness hy’=0-1.5
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Figure 2: Variation of Non-dimensional pressure P* with x*

for different values of Hartmann number Moand 1" =0.3, h*
=1.5.
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Figure 3: Variation of Non-dimensional pressure P with X"
for different values of couple stress parameter I"and Mo = 3,
h*=15.
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Figure 5: Variation of Non-dimensional load W* with h1*

Figure 4: Variation of Non-dimensional load W* with h1* for ¢, Gifferent values of couple stress parameter I* and M0= 3.

different values of Hartmann Number M0 and I* = 0.3.

Pressure

Figure 2 depicts the variation of non-dimensional pressure P*as a function of x* for different values of Hartman
number My with 1*=0.3and h =15. It is observed that, the effect of magnetic field is to increase the pressure as
compared to non-magnetic case (M=0). The variation of non-dimensional pressure verses x" for different values
of I" with My =3and hf =1.51s presented in figure 3. It is found that, the effect of couple stress is to increase the

pressure as compared to Newtonian case (I* =0)..

Load carrying capacity

The variation of non-dimensional load carrying capacity W " with respect to hffor different values of Hartmann
number Mywith 1" = 0.3 is shown in figure 4. It is observed that the effect of magnetic field is to increases the load
carrying capacity as compared to the corresponding non-magnetic case (Mg =0). The variation of non-dimensional
load carrying capacity W™ with respect to hffor different values of couple stress parameters 1" with M;,=3is
shown in figure 5. It is observed that the effect of couple stress is to increases the load carrying capacity as
compared to corresponding Newtonian case (I* =0).

Frictional force

The variation of Non-dimensional frictional force F* with h;" for different values of My is depicted in Figure.6. It is
observed that the Non-dimensional frictional force F* increases with increase in the values of Mo. Figure.7 shows the

variation of Non-dimensional frictional force F* with h;* for different values of couple stress parameter I™ It is
observed that the effect of frictional force F* increases with increase in the values of I,
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Figure 6: Variation of Non-dimensional Friction F* with hy*  Figure 7: Variation of Non-dimensional Friction F* with hy”
for different values of Hartmann Number Mo and "= 0.3 for different values of couple stress parameter I* and Mo = 3.

Coefficient of friction
Figure 7 depicts the variation of coefficient of friction C with h," for different values of Mo.It is observed that, the

coefficient of friction C increases with increasing values of Mg . Figure 8 presents the variation of coefficient of
friction verses couple stress parameter I". It is observed that coefficient of friction decreases with increasing values
couple stress parameter I,

IV.  CONCLUSIONS

The Analysis of effect of MHD on Sine film Slider Bearings lubricated with Non-Newtonian fluids by using basis of
Stokes [13] couple stress fluid theory is presented in this paper

The following conclusions are drawn from above results,

» The effect of magnetic field is to increase the pressure P*, load carrying capacity W™, frictional force F*
and coefficient of friction C as compared to non-magnetic case.

» The effect of couple stress parameter is to increase the pressure P*, load carrying capacity W™ and
frictional force F", but coefficient of friction Cis deceases as compared to Newtonian case.
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Figure 8: Variation of Non-dimensional Co-efficient of

friction C with h1” for different values of Hartmann Number

Moand I"=0. 3.
Nomenclature
By applied magnetic field
Ccoefficient of friction
F frictional force

F " non-dimensional frictional force (= — Fh, /UL)

h film thickness
hy inlet film thickness

hfnon—dimensional inlet film thickness

h"non-dimensional film thickness (= h/hy)

| couple stress parameter (/ ,u)%

I* non-dimensional couple stress parameter (2I/ho)

L Bearing length
Mg Hartmann number {= B,h, (o/ )"}
p pressure in the film region

P non-dimensional pressure (= ph? /xUL )

X,y

X" non-dimensional rectangular coordinates (x* = x/L)

u,v

rectangular coordinates

velocity components in film region

i

w load carrying capacity

W non-dimensional load carrying capacity ( = —wh? /pUL?)

n material constant characterizing couple stress
u viscosity coefficient
o electrical conductivity

L]
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Figure 9: Variation of Non-dimensional Co-efficient of
friction C with h:" for different values of couple stress
parameter I and Mo =3.
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Appendix A
. B? {Slnh(Ah/I)—Slnh(Ay/I)—Slnh A(h—y)/l} (Al
(A? —B?) Sinh (Ah/I)
. A2 {Sinh(Bh/I)—Sinh(By/l)—Sinh B(h—y)/l} (ALD)
(A? —B?) Sinh (Bh/1)
B? {Sinh(Ah/I)—Sinh(Ay/1)+Sinh A(h-y)/I} (ALQ)
Slnh (Ah/1){(B?/A) tanh (Ah/21)~(A?/B)tanh (Bh/2!)}
A® {Sinh(Bh/1)—Sinh(By/I)+ Sinh B(h—y)/1} (ALd)
Slnh (BN/1){(B?/A) tanh (Ah/21)—(A?/B) tanh (Bh/21 )}
% %
% »
A:{1+{1—(4|2|;/|§/h§)} | 1—{1—(4I2l;/|§/h22)} 2 A9
Sinh {(y —h)/<21} + Sinh (y/</21) - Sinh (h/ /21 )
21 = (A2a)
sinh(h/v/21)
~ yCosh{(y—h)/\/El}+yCosh(y/\/fI)—hCosh(h/ﬁl)—h (A2b)
“ 2/21sinh(h/21)
_ ysinh {(y—h)/~/21{+ ysinh(y/<21)—hsinh(y/</21) A2
“ 6lsinh (h/+/21)-2h
: _ 2Cosh{(y—h)//21} +2Cosh y/+21)-2Cosh (n/\21) -2 ()
“ 34/2sinh (h/21) - (h/1)
- CoshA yCosB, (y—h)—CosB, yCoshA (y—h) (A3a)
(CoshAh—CosBh)
B Cot@ {SinhA ySinB, (y—h)-SinB, ySinhA (y-h)}+(CoshAh—CosB,h) -
o (CoshAh —CosB,h) (A30)
_ Cotd{SinB, ySinhA (y —h)+ SinhA ySinB, (y—h)} +(CosB;h+ CoshAh) A3
e (B, - ACot0) SinB,h+ (A + B,Cotd) SinhAh (A30)
_ CosB, yCoshA (y—h)+CoshA yCosB, (y—h) (A3d)

* (B, — ACot6)SinB,h+(A +B,Cotd) SinhAh

A =M, /I, Cos (6/2) B, = O/IhOSin(e/Z)9=tan’1(~/4I2M02/hj—l)(A3e)

REFERENCES

1. J R Lin, “Magnetohydrodynamic Lubrication of Finite Slider Bearings”, International Journal of Applied
Mechanics and Engineering, 7; 2002; pp 1229-1246.

2. W. F. Hughes, “Magnetohydrodynamic Finite Slider Bearings”, Journal of Basic Engineering; 85(1), 1963; pp
129-135.

149
@)
G JESR (C)Global Journal Of Engineering Science And Researches



THOMSON REUTERS

[Biradar, 6(3): March 2019] ISSN 2348 - 8034
DOI- 10.5281/zeno0do.2616621 Impact Factor- 5.070
3. E. Roland Maki and D. C. Kuzma, “Magnetohydrodynamic lubrication flow between parallel plates”, Journal

4.

5.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

Fluid Mechanics, vol.26, part 3, 1966; pp. 537-543.

D. C. Kuzma, “The finite Magneto-Hydrodynamics journal bearing”, Journal of Basic Engineering, 86(3),
1964; pp 445.

J. R Lin and R. F. Lu, “Dynamic characteristics of MHD wide slider bearing with an exponential film
profile”, Journal of Marine Science and Technology, Volume 18, 2010; issue 2, pp 268-276.

W.T Snyder., “The Magneto-hydrodynamic slider bearing”, Journal of fluid Engineering: 84, 1962; pp 197-
204.

X L Wang, K. Q. Zhu, &S. Z. Wen, “On the performance of dynamically loaded journal bearings lubricated
with couple stress fluids"”, Tribology International, 35(3), 2001; pp 185-191.

Yan-Yan Ma, Wei-Hua Wang, and Xian-Hua Cheng, “A Study of Dynamically Loaded Journal Bearings
Lubricated with Non-Newtonian Couple Stress Fluids ’Tribology Letters, Vol. 17, No. 1, 2004. Pp 69-74

J. R. Lin, “Effects of couple stresses on the lubricated of finite journal bearings”. Wear, 206 (1-2); 1997; pp
171-178.

N B Naduvinamani, A Siddanagouda , Siddharama Patil and S Shridevi, “The effect of couple stresses on static
and dynamic characteristics of MHD wide tapered land slider bearing” Sddhand , 43: 2018; pp 162.

G. Ramanaiah, and P. Sarkar. (1979). “Slider bearings lubricated by fluids with couple stress”. Wear, 52(1),
1979; pp 27-36.

R. S. Gupta, and L. G. Sharma, “Analysis of couple stress lubricant in hydrostatic thrust bearing”. Wear,
125(3), 1988; pp 257-269.

Stokes, V. K. (1966). Couple Stresses in Fluids. Physics of Fluids, 9(9), 1709.

B. N. Hanumagowda, “Effect of magnetohydrodynamics and couple stress on steady and dynamic
characteristics of plane slider bearing”, Tribology online. 11 (1); 2016; pp 40-49.

Biradar Kasinath and B. N. Hanumagowda, “MHD Effects on Composite Slider Bearing Lubricated with
Couple-stress Fluids”, International Journal of Mathematics Trends and Technology; 5; 2014; pp 11-20.

N. B.Naduvinamani, A4.Siddangouda, Siddharam Patil, “Effect of Magnetohydrodynamic couple stress on
dynamic characteristics on exponential slider bearing”, Tribology in Industry, Vol. 39 Issue 1, 2017,;pp 31- 44.
N. M. Buzurke, H. P. Patil. and S. G. Bhavi, “Porous slider bearing with couple stress fluid”, Acta Mechanica,
85;1990; pp 99-113.

B. N. Hanumagowda, “Effect of magnetohydrodynamics and couple stress on steady and dynamic
characteristics of plane slider bearings”, Tribol Online, Vol. 11, No. 1, 2016, pp 40 — 49.

N. B. Naduvinamani, A. Siddangouda and Siddharam. Patil. “A Comparative Study of Static and Dynamic
Characteristics of Parabolic and Plane Inclined Slider Bearings Lubricated with MHD Couple Stress Fluids”,
Tribology Transactions, 60(1), 2016; 1-11.

Syeda Tasneem Fatima, N. B. Naduvinamani, C. K. Sreekala, and B. N. Hanumagowda, “The effect of MHD
and couple stress fluid on the performance characteristics of wide slider bearing with an exponential and
secant film profile”, International Journal of Mathematical Archive: 7 (5); 2016; pp 141-150.

150
(C)Global Journal Of Engineering Science And Researches



