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ABSTRACT
A theoretical study of the effects of Magneto-hydrodynamic (MHD) and surface roughness on squeeze film parallel
stepped plates. The modified Reynolds equation is derived on the basis of Magneto-hydrodynamic (MHD) thin film
lubrication theory and Christensen stochastic theory. The Reynolds equation is solved for pressure, load carrying
capacity and squeezing time. It is observed that the effect of transverse (longitudinal) roughness pattern is to
increase (decrease) the pressure, load carrying capacity and squeeze film time compared with smooth surface case.
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l. INTRODUCTION

In engineering application, the magneto-hydrodynamics (MHD) bearings have advantages in improving the
performance of the bearings when the bearing is lubricated with electrically conducted fluid in the presence of
external magnetic field. Motivated by this, experimental and theoretical research has been carried out on different
MHD bearings [1-10]. All these studies are based on the assumption that the bearing surfaces are perfectly smooth.
However, all the bearings are rough in nature to some extent and they are not ideally smooth in realistic. Christensen
[11] developed a stochastic model for hydrodynamic lubrication of rough surface. On the basis of this model, several
researchers have studied the effects of surface roughness on the performance of the various bearings. For example,
Christensen and Tonder[12] analyzed journal bearing, Gupta and Deheri [13] discussed the squeeze film behavior of
spherical bearing, Turaga et al.[14] analyzed the hydrodynamic journal bearing with rough surfaces, hydrodynamic
lubrication of slider bearing by Andheria et al. [15], the oscillating squeeze-film behavior of long partial journal
bearings by Line et al.[16], the squeeze film behavior of curved circular plates Naduvinamani and Gurubasavaraj
[17], the squeeze film lubrication of curved annular plates by Bujurke and Naduvinamani[18].The effect of two
different roughness on the squeeze-film characteristics for MHD parallel stepped plates has not been studied so far
.Hence, the presentinvestigation aims to study the effects of two roughness patterns on the squeeze film
characteristics of parallel stepped plates.

1. MATHEMATICAL FORMULATION OF THE PROBLEM:

The configuration of MHD parallel stepped plates with roughness patterns and having length L is shown in Fig.1. It
is assumed that the lower plate with roughness patterns is fixed and an upper plate approaching the lower plate with

a normal velocity V (: —%) .The uniform transverse magnetic field is applied perpendicular to the plates. Under
the usually assumptions of MHD flow problems, the governing equations of present problem are considered as:

a_‘; - _20 u= 1o (1)
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Where u,Vrepresent the velocity components along x and z direction respectively, pis the pressure, h,is the

minimum film thickness, x is the dynamic viscosity and # represents a new material constant and
Mg = Byhy (6/ )2 is the Hartmann number.
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Figure 1 MHD Rough Parallel stepped plates

The appropriate boundary conditions for velocity components are as follows:
(M At the upper surface z=h

u=0,w=-V 4)

(i) At the lower surface z=0

u=0,w=0 (5)
The expression for velocity component can be found by solving (1) subject of the conditions (4) and (5),we get
h2 Cosh(Mgyh/h, )-1
u=—"2_Plcosn(Myz/hy)-1- - (Moh/) sinh(Mqz/h, ) | (6)
uMZ Ox Sinh(Mgh/h,)

The Volume flux of the lubricant for the breadth of the bearing b can be expressed as

h
Q= b_[ udz (7)
0

We should note that Q =0 at x=0.

Using the expression for U and further evaluating the integral, one can obtain the expression for volume flux Q as

_ b ap
Q=22 (1, Mo) ®)

Where
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f(h, MO)ZL(M_Oh_ZtanhM_Oh)
M3\ ho 2hy

Integrating the continuity equation (3) across the cross thickness using equation (6),one can derive the MHD
Reynolds equation as:

0 |op _HY
&{&f(h,Mo)}— 7 ©

Reynolds equation in region | and region 11 is

0 ) op; } uv
OIP M) =2 (10
ax{éx i (N, My) hg( )

Mjh; Mjh

f; (hi,MO)ZL(L—ztanh#j
MS’ hy 2h

where p; = pyand hy =hyin the region 0< x <KL

p; = ppand by =h,inthe region KL<x<L

To mathematically model the surface roughness, the fluid film thickness is considered to be made up of two parts
H; =h +h(x,z,&) (11)

Let f(h,) be the probability density function of the stochastic film thickness hy . Taking the stochastic average of
modified Reynolds equation (10) with respect to f (hy), the stochastic MHD Reynolds equation is obtained in the
form

0 {5E(pi)
oX OX

E(fi(Hi,Mo»}:‘;—Z (12)
2

where E () = [ () f (hs)dh,
For most of the lubricating surfaces, the Gaussian distribution for describing the roughness profile heights is valid
up to at least three standard deviations. Following Christensen, the roughness distribution function is assumed in the
form

35
f(hs)=132¢’
0 elsewhere
where ¢ =30 and o is the standard deviation.

(c?-h2)® —c<hs<c

In the context of Christensen’s stochastic theory for the hydrodynamic lubrication of rough surfaces, two types of
one dimensional roughness patterns are considered viz., the longitudinal roughness patterns and the transverse
roughness patterns.

2.1 Longitudinal Roughness Pattern

The longitudinal one-dimensional roughness, having the run in x-direction in the form of long narrow ridges and a
valley. In this case the film thickness assumes in the form H; =h; +h,(z, &), and the average modified Reynolds

equation (12) takes the form
0 {aE(Pi)
ox L ox

\V
E(fi(Hi,Mo»}z‘;—g. (13)
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2.2 Transverse Roughness Pattern
The transverse one-dimensional roughness, having the run in z -direction in the form of long narrow ridges and
narrows.In this case the film thickness assumes in the form H; =h; +h(x, &), and the averaged MHD Reynolds

equation (12) takes the form
0 | E(p) 1 ( 5
ox | ox Efi(H;j,Myp) h2

Equations (13) and (14) together can be expressed as

o ] oE(p) _ MV
&{TG(HPMO’C)}_ hg (15)

where H; =h +h and E(p;) =E(p;) for the region 0<x <KL
H; =h, +h,and E(p;) = E(p,) for the region KL<Xx<L

G(Hi,Mo,C): 1
{E@/(f;(H;, Mg))} ~ for transverse roughness

E(f;(H;,Mp)) forlongitudinal roughness

E(fi (Hi, My)) =% Jc. f; (H;, Mg)(c® —hZ)*dhg

E( 1 ]_ 35 J-(c—h)
fi(Hi.Mo) ) 32¢’ f(HwMO) "

The appropriate boundary conditions for mean pressure are as follows
E(p))=0at x=0and x=L (16a)
E(p)) =E(p,) at x=KL, (16b)

Integrating equation (15) and using the boundary conditions (16a) and (16b), we get

V| K22 -x? L2(1-K?)
E(py) =2 17
(o) 2h§{G(Hl,MO,c)JrG(HZ,MO,C)}( )

,uV (L2 —x?)

18
G(HZ!MO’C))( )

E(p,) =
Introducing non-dimensional quantities

* * * * * * * h 2E 1 h3
Hy =h +hS, H) =1+h0, by =hi, ol coC p 2E(IM

7 hy h, " VL2

The non-dimensional mean pressure distribution of the squeeze film in the region 0<x<KLand KL<x<Lare
expressed as:

2E(p. )h2 2 %2 2
po2Eley | KT QKT g
HVL Gy (H;,M(,C) Gy(H,, Mg, C)

_2E(p)h _ (1-x7)

PZ 2 - * *
VL Gy (Hz, Mg, C)

(20)
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* E(f"(H;, M for longitudinal roughness
G (H;,M,,C) = (f; ( j *0)) . g g
{E(l/(f- (Hy,Mg))} ~ fortransverse roughness

E(f{ (H; ,Mg)) = —— 2c7 j fi (Hy,Mg)(C? —he?)*dhg

( 1 ] B¢ (C°-h?)
E * * = 7'[ S
£5(H M) ) 32C7 2 7 (H; MO)

. MoH;
f, (Hy ,Mg) =— [M H, —2tanh 02 1}
0

. MoH,
f, (Hy, M 0)=—= [M H, —2tanh 5 j
M3

The load carrying capacity E(W) is determined by

3
2,ubL3V K (1—K )
3h | G(H;,Mg,c) G(H; Mg,c)

KL L
EW)=2b [ pdx+2b [ pydx= (21)
0 KL

The load carrying capacity in non-dimensional form can be expressed as:

3 3 1-K?3
w* :3E(vah2 = f + *( - ) (22)
2bul’V. Gy (H;,M(,C) Gy(H,,Mg,C)

h, . . .
Writing in equation (21), the time of approach is given byWriting V = _((j:l_TZ in equation (30),the time of approach

for reducing the film thickness from an initial value hy of h, to a final value h¢ is given by

2bpl® h‘{ K3 1-K3)
g 3 | G(Hy Mg.0) " G(Hz, My, 0)
Taking non-dimensional quantities

hy . hy . h

}dhz (23)

h=—hy ==, b ==, M = Byhy (Z)"2
f hO h3 hO S hO 0 0 0(#)
.
. oAkt N 3 -K® .
T:—%3=H**f* S LY %mw
2bplC 1 [ G1(hy,hg,hg, Mg, C) Gy (hy, hs, Mg, C)
E(f, (hy,hg,h;, Mg, C)) for longitudinal roughness

where G; (hy,hs,h;,M,,C) = .
{EQ@/(f, (h2,h3,hS,M0,C))}’1 fortransverse roughness

. x E(f, (h,,h;,M,,C for longitudinal roughness
G, (e, b My, C) = (2(2* s* *o ) B 9 g
{E@/(fy (hy,hs,Mq,C))} ~ fortransverse roughness
Mg (hy +hg +h
£ (0,1 Mg) = 13{ (1 +15 +1) - 2 Mo P )
My
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The influence of surface roughness on the squeeze film behavior of MHD parallel stepped plates with an
electrically conducted fluid in the presence of transverse magnetic field is investigated. The roughness parameter C
which characterises the surface roughness on the basis of the Christensen stochastic theory [11] and the Hartmann

number Mo signifies the effect of magnetic field. Taking Mo

characteristic of bearing are presented.
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Figure 2 Variation of non-dimensional pressure P with x for different values of C with M,=3,K=0.7, lx; =1.5
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Figure 3 Variation of non-dimensional Load carrying capacity W with h; for different values of C with M, =3, K= 0.7

Pressure

Fig.2 illustrates the variation of mean pressure distribution P with coordinate X" for both roughness patterns, for
fixed parameters M, =3, K=0.7 h =15.1t is found from the figure that, longitudinal(transverse) roughness
results a decrease(increase) in P as compared with a conventional bearing. Since the patterns of longitudinal
roughness has ridges and valleys in longitudinal direction results in an increase in the circumferential flow, the
bearing pressure is reduced. On the other hand, the patterns of transverse roughness has ridges running in the
transverse direction, it leads to restrict available flow area and thus reduce the fluid flow. This leads to an increase in
squeeze film pressure. Hence, the influence of longitudinal roughness is reverse.
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Figure 4 Variation of non-dimensional Load carrying capacity W with lx; for different values of M with C=0.4, K=0.7

Load carrying capacity
The load- carrying capacity W "verses hforboth roughness patternsis illustrated in Fig.3for fixed parameters

M, =3, K=0.7 Itis observed that the effect of roughness is to increase W for decreasing the values of h;.. Also
load carrying capacitydecrease (increase) for longitudinal (transverse) roughness patterns. The non-dimensional
load- carrying capacity W™ as a function of h;for different values of Hartmann number M, is illustrated in Fig.4
for fixed parameters C=0.4 and K =0.7. It is interesting to note thatW ™ increases for increasing the values of
Hartmann number M. Fig.5 illustrates the load W™ as a function non-dimensional film height hl* for different

values of K . It is observed that W "decreases for increasing values of K . Fig.6 illustrates the load W™ as a function
rise location parameter K for both roughness patterns.It is observed that W " decreases for increasing the values of K
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Figure 5 Variation of non-dimensional Load carrying capacity W with h; for different values of K with C=04, M =3
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Figure 6 Variation of non-dimensional Load carrying capacity W with K for different values of C with M =3, Iz', =1.5.

Squeezing time
The film thickness and time relation is the one of the important characteristics of the squeeze film bearings. It is
found that the time required for reducing the initial film thicknessh, of hyto a prescribed final value h, . Fig.7
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illustrates the squeezing time T"as a function h, for various values of roughness parameter C for both longitudinal
and transverse roughness patterns. It is interested to note that T~ decreases with increasing values of h; . Further it is
noticed that T~ increases (decreases) for increasing values of transverse (longitudinal) roughness pattern. The
squeezing time T verses h:\for different values of K is illustrated in Fig.8. It is clearly observed that T~ decreases
for increasing values of K .Fig.9 shows the variation of T" with h?for distinct values of M, .It is observed that T~

increases with increasing values of M, . The squeezing time T" verses K is illustrated in Fig.10 for both roughness
patterns.It is found that T" decreases for increasing values of K .
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Figure 7 Variation of non-dimensional squeeze film time 7~ with h; for different values of C with M =3, K=0.7, h; =0.15

IV. CONCLUSIONS

The effect of surface roughness and MHDon parallel stepped plates is studied on the basis of Christensen
stochastic model. Two types of roughness patterns (viz., longitudinal and transverse ) were considered.The exact
expressions for pressure, load carrying capacity and squeezing time are obtained analytically. The results are

presented graphicaly. The important conclusions can be summarized as follows:.

1. The presence of mangnetic filed improves the pressure distribution, load and increases the squeezing
time for both longitudinal and traverse roughness patterns.

2. The transverse roughness patterns increases the pressure , load and squeezing time.

3. The longitudinal roughness patterns decreases the pressure, load and the response time.

4. The pressure, load carrying capacity and squeesing time decreases with incresing value of K.
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Figure 9 Variation of non-dimensional squeeze film time T with /l; for different values ofM“ withC=03,K =0.7, h; =0.15
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Figure 10 Variation of non-dimensional squeeze film time T  with K for different values of C with M =3, h; =04, Iz; =0.15

Nomenclature
b breadth of the bearing

B, applied magnetic field
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h film thickness

h, initial film thickness

h, maximum film thickness
h, minimum film thickness
h* step height ratio (h, /h,)

K location parameter
KL position of the step (0 < KL < 1)

L Length of the bearing plate.

. h
h non-dimensional film thickness (= —j
2

h/ non-dimensional maximum film thickness (= E]
0
p pressure in the film region in N /m?® units
h3
P non-dimensional pressure | = —L_Z
u(dn/dt) A

Q Volume flow rate

-

thw dt
T non-dimensional time of approach| = I ho —

1 UMA
u,v velocity components in x, y directions

. Why
w dimensionless load carrying capacity| = —————— —3
u(dh/dt)A
yZi dynamic viscosity of the fluid
o conductivity of fluid
* Whg
w dimensionless load carrying capacity| = ————— —3
u(dh/dt)A

y7i dynamic viscosity of the fluid
o conductivity of fluid
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