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Abstract— The present paper deals with the static and
dynamic characteristics including the stability of flexibly
supported narrow hydrodynamic journal bearings
lubricated under the micropolar lubricants. From the basic
equations i.e. the equation of continuity of mass, the
equations for the balance of linear momentum and the
balance of angular momentum, which are coupled together
due to the existence of two kinematic vector fields of the
microstructures and characterizing the micropolar fluid, the
derivation of Reynolds equation has been modified. The
theoretical prediction of hydrodynamic pressures in the
bearing is obtained by the solution of modified Reynolds
equation satisfying the appropriate boundary conditions.
The steady state pressure profile is obtained easily by an
analytical method. The steady state parameters like load
carrying capacity and attitude angle can be easily obtained
once the pressure profile over the entire bearing surface has
been found. First order perturbations of eccentricity ratio
and attitude angle are used to calculate the dynamic pressure
and the resulting equations are solved by analytical method.
Dynamic characteristics are obtained in terms of stiffness
and damping coefficients by the help of perturbed pressures.
Stiffness and damping coefficients aside, the dynamic
characteristics also include the threshold stability and the
whirl ratio.

Keywords— Hydrodynamic journal bearing; Micropolar
fluid; Linear analysis; Perturbation technique; Stability
parameter

. INTRODUCTION

The rapid development of science and technology h

reflected on the innovation design and development

working environment. Since the development of the
concept of the hydrodynamic lubrication about 120 year

ago with the experiment$l-2] and later on, lot of

theoretical, experimental and analytical studies wer
presented by a number of authors. To compliment t

deficiencies of the classical continuum theory a number
contemporary studieg3-5] on the micro-continuum
approach were started developing through a number

researches during the mid and later years of sixties of t

late century.

A few more experimentfs-7] showed that the mixing

a
o)
modern machine equipments with non Newtonian fluid ai
high precisions and optimum performance ever in advers
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the lubricating fluid reduced the skin friction near a rigid
body than in such a fluid to an extent of 30-35%. The
development of the theory of micropolar fluid was initiated
with the development of the theory on micro-continuum
approach. For the application of the classical continuum
theory in the field of film lubrication, the most practical
importance is whether the deep molecular orientation
results in any rheological abnormalities in the vicinity of
the solid surfaces and the significant differences in the
behavior of the molecules of the liquid in intimate contact
with and adhering to the surfaces.

The application of the theory of micropolar fluid in the
study of the flow problems in hydrostatic step seal and
externally pressurized conical step bedfidy showed an
increase in the non-dimensional flow flux and load
carrying capacity with increase in the micropolar effect
between two infinitely long parallel plates. Similar results
[15] obtained in analysis of short bearing problem with
micropolar lubrication. The fluid pressure was found to
increase in comparison to that in the Newtonian flow and
was represented by a surface depending on two groups of
micropolar parameters.

A good amount of work has been reported on the
steady state characteristics of rotor/bearing systems
lubricated with micropolar fluids. The steady state
characteristics of an infinitely long journal beariigj are
studied by considering a two dimensional flow field. There
are several studies carried by many authors on non-
Newtonian fluid. In spite of all those studies the gradual
$evelopment of a full consistent theory along with the
cceptable simplification for achieving the practical

plicability may be attributed to Eringeand his co-
IRvestigatord9-12]. The study was later extendg8] for

he micropolar fluid flow between two concentric cylinders
or Couette flow and Poiseuille flow. The velocity,

énicrorotational velocity, shear stress difference and the
r(]éouple stress profiles for both cases were presented and

iscussed. An investigatiofiit5] on flexibly supported
inite turbulent flow oil journal bearings was reported

thich clearly indicates that higher threshold of stability is

chieved in micropolar lubrication compared with
ewtonian lubrication. Stability analysis of finite journal
bearing under micropolar lubricants was presefitétifor
both linear and non linear which shows the non linear

of some extremely small amount of polymeric additives instability provides better stability than the linear.
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However, it has been observed that no investigatiofg
was available for the dynamic analysis including stability
of flexibly supported narrow hydrodynamic journal é
bearings. The dynamic analysis including stability of
flexibly supported narrow hydrodynamic journal bearing = °©
has been carried out in the present paper with first order
perturbation of eccentricity ratio and attitude angle t

Stiffness co-efficient of the support
Circumferential coordinate (rad)
Steady state eccentricity ratio

Cartesian coordinate axis along the
circumferential direction gg (M)

obtain the dynamic pressures.

NOTATION
C Radial clearance (r
D Journal diameter (r

Damping cwefficients of micropolar fliud film

Dj for i=R,¢ and j=Rg (Ns/m)
5 Dimensionless damping -efficient of
i micropolar fluid film
Fi Force component along the R apdirectior
H Local film thicknes (m)
h Non-dimensional film thickness =h/C
| Non-dimensional characteristic length of 1
m micropolar fluid=A/C
M Mass parameter (k
N Coupling number=y(2u+)]"*
T Time (s
Dy Steady state attitude angle (rad)
0] Attitude angle (rad)
U Velocity of journalR (m/s)
— Non dimensional stiffness co-efficient of the
K support
m Non-dimensional parameter =M&'W,
M. Critical value of non-dimensional parameter
D Damping co-efficient of the support
q Non-Dimensional damping co-efficient of the
support
Micropolar film pressure in the film region in
P ; :
the non-linear analysis (Pa)
P Non-dimensional micropolar film pressure in

the film region in the non-linear analysis.

_ Stiffness of the micropolar fluid film for i=kg,
S and j=R.¢ (N/m)

Dimensionless damping co-efficient of the

S, micropolar fluid film = ¢s /(ﬂam_) For i=R ,
¢ and =R o
Characteristic length of the micropolar fluid=

A [y 1(4u))"* (m)

a.B.y Viscosity co-efficient of the micropolar fluid

T (kg m/s)

Ar Whirl ratio

P Mass density (kg/f)

4 Non-dimensional time gt

Non-dimensional Cartesian coordinate axis
Z along the bearing axiszz/ L

Non dimensional steady state load in bearing
W=2Cw/ uaR’L
£ Perturbed eccentricity for i=R ard

Cartesian coordinate axis along the bearing axis
z (m)

w, Steady state load in bearing

.  ANALYSIS

A. Modified Reynolds Equations

The governing modified Reynolds equation for two-
dimensional flow of micropolar lubricant under steady
state condition is written as follovj&4].

ALY op, |, 2 [’ 9y | _ gy Mo
—| (A, N, b)) =2 [+ —| 2 D(A, N, by ) =2 | =6U —
ax{y ( hO)ax +az 7 ( hO)az 0x
1)
With the following substitution
2

X __2z -_h P __RC™ _C
T WL 7T S R

Equation (1) will reduce to its non-dimensional form as:

o] ol MR |+ o ol )T =35

20 06 (L) oz 0z | 246
2)
Where,
= = 12 N NI_h.
®\l,,N,h))=1+ = - 6= th| —m-o
(m 0) h02|§1 holm Cco [ 5 j
and
ol M) = 2 (1, )= o T I o Nl
O 00/ = 7 Pl B 0) =9 02 T 2

Equation (2) is further simplified to the following non-
dimensional form under steady state condition

ohy 0P, , - |0°PBs (D)7 9%Po | _ 1Ry 3)
200 08 °| 962 L) o0z? 208
Where,
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hZ 1 Nh [Nlm] N?h2 {NI h] 9 \op|. (D) @ —\0p
C, =—>+—--—2coth —2> |+ —2 cosech’| —22 —|gll_,N,h £]+(fj —{*I N,h —p]
AT T 4 2 aa[g("" ! )ae L) oz ol N, )az (®)

and - _1( 9 ,)aﬁ oh
ho3 0 NhoZ Nlmho _E 079 or
Cp=-L+-2- th
12 1, 2, 2 Where
. . 537 _ ﬁ3 g NHZ i~
B. Perturbation method G(lm,N,h)=f¢(lm,N,h)=E+|ﬂz- . cot?—{ lemhj
The concept of the perturbation technique is to provide " " .
small order perturbation to the eccentricity ratio and _
attitude angle assuming the journal to execute sma (I N ﬁ)_ 1+ 12 _6 N cot NI,h
. i . : I > e N,h)= _ _
harmonic oscillation about its static equilibrium position, 42 h, 2
to eliminate the time dependent terms without serious
error. The non-dimensional pressure and local film
thicknesq14] are as follows: and
= B + e & + Boe.peR _9¢
P= Rt RE P2£o@A (4) ¢ >
h=h+£e™ cof+e,ge™ sing Equation (8) is expanded with all the substitution made
; ; At
Where: and heglectlng the higher order terms (@ie ) and
_ _ (goqqe"‘“t). Collecting the zeroth and first order terms of
h, = 1 £,c09 ; e=g,+£e";

&, andéyg, the following two equations are obtained.
¢: % + qﬂleMRT a.nd /]R :ﬁ

2 N2 2 N2
“ CB(EJ aiz’l +C. cosH)(EJ 0 Do =-Lsing+ia, coso
C. Equation and pressure profile for steady- state and L) oz L) oz 2
dynamic conditions (9)
Considering the Ocvirk solution (1955) for narrow DY 0%p, D\?0%p, 1 1 oh.
bearing and solved (3) using the analytical method td:a(fj —2+Ca Sinﬂ)(fj = =20039+Mr[8i09—5690j
obtain the steady state pressure distribytignsatisfying 0z 0z ° (10)
the boundary conditions as given in (6) results in:
Where,C, andCg are obtained from (3).
2
_ LY &sing _ .
Po =(Dj ZC ( -Zz) (5) The boundary conditions for the perturbed pressures are as
B follows:
Boundary conditions for (3) are as follows: p.(6£)=p,(621)=0
p,(6£1)=0 om (6.9 _0p,(69) _
0z 0z (11)
op, (6.0 — o _
poa(f ):0 9(61'Z)= p2(91,2)=0,
95.(6..2) n06.2=1p6.2)=0 6=06,
P\, Z) _ B5(9 7)= .
06792 =0 m(6.2)=0 for 624, (6) Where,0, represents the angular coordinate where the

-~ o ) ) film start and cavitates. Equation (9) and (10) are solved
Modified Reynolds equation in rotating coordinate systemysing analytical method to obtain the perturbed pressure

in micropolar |ubricatiorj14] is given as: distribution p, & p,, satisfying the boundary conditions as
3 3 mentioned in (11):
%Df ¢(A,N,h)%}+%[h7¢(/\,N,h)%} @) (1)
2 .
_g2ln), ,on _ . oh p= CBL%) [i(c“g‘)immg —sinej +id, 0099][22 —1]
T o e :
Equation (7) for two-dimensional flow of micropolar L\ 1( CLe,sin2 6 o -
lubricant with the following substitutions: ; = CB(B} 2l . teosf|+iA sing [22-1]
B
— 2
g=2=, 2:221 h:ﬂl p= pc” ,
R L C HR?
| =C, I =at D. Stiffness and damping coefficients
"OA The components of the dynamic load along the line of
will reduce to its non-dimensional form as: centre’s and perpendicular to the line of centre’s
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corresponding to perturbed pressu@lgleiﬂat) in R- Equation of motion of rotor ing direction is
direction[15] can be written as under e de, de

S42 D,,~? D, 2% = si
12) ”‘{Aﬁ ae ’39}%* wgr " S Dy TSI

(W, ) e" = —ZJOUZ J:Z pcoste, &~ Ralz dt

(19)

Equa_\tion_of mo_tion _of the bearing (neglecting the weight of
As the journal executes small harmonic oscillationP€aring) in ‘r' direction
about its steady state position in an elliptic orbit, the d
; - de & ax ) .
components of dynamic load can be expressed as a sprmﬂ A-Se-D, — $8-D = Kx +d§ iy (20)

(w,),e™ = —ZIOL/Z J:Z psin fe, &7 Reflz (13)

_ Jha
load and viscous damping load as dt dt
dy,
. | Ky +d—=>2
(W) & = e Degr (Ce2) O O
(W), &% = s,Ce+ Dm%(Ce‘R) (15)  And equation of motion of bearing ig* direction is

Combining (12) through (15), non-dimensionalising de de dy,
and noting that, = £€™, the following non- rg{%]_%”ef”_D"’”E_%’e T K"”E]COW (21)

dimensional components of stiffness and damping dy) .
coefficient result irR-direction ’{K% +da]3'“¢
Spr =~ Re[zjo1 j;z P, cos adedz} Where, K and d are the external stiffness and damping co-

efficient respectively.

1 92 — - —
Sp=- Re[zfo J.el p sin Hdé?dz}
~N 1 0, _
Dpr = — Im[zj‘0 L gcost&dZ}/AR

D == m[2[ [ nsinodocz] /. (16)

Similarly, considering dynamic displacement of the
journal alongp direction, it can be shown that:

= _ 1 06, _ _
Spp =~ Re[ZJ.O '[51 o costHdz]

= 1 52 — . =
Sy =~ Re[zfo '[51 p, sin Hdé?dz]

1 06, Fig.1 Configuration of bearing geometry
Dgy=— Im[ZJ'0 -[91 gcostHdZ}/)lR

D, =~ Im[ZLl L:z B sin HdeZ]//iR an Stability characteristics
Where, ’

= _2Cs ~ _2D, ,j=Rgpand j=R g

i ,uwR3L i ,UR3L

E. Equation of motion

o]

Referring to Fig.1, the equations of motion of the )
journal, assuming the journal to be rigid can be written as '
under

Equation of motion of rotor in ‘r’ direction is

o dp)’ d d
m{A ' d? _e{d@ }ﬁe "o di 965+ Do d?:"“’cw !
. A

(18)

Fig. 2 Schematic diagram of co-ordinate system
Proceedings of theInternational and %National Conference on Machines and Mechanisms (iNaCoMM2013), IIT Roorkee, India, Dec 18-20 2013

839



Here for the system as shown in Fig.2 AT+ AT+ Am+A, =0 27

A =X, sing+ Yy, cosp G. Methods of solution

And Equation (3), (9) and (10) are solved analytically using
A, = % cosg - ¥, sing the boundary condition as stated in (6) and (11) to obtain
the steady state and the perturbed pressure distridgion

Now the followi bstituti d
o the Toflowing SUbSTLLTon are made P, and p, from which the steady state load and the

¥=Cx = f(7<o+7&eu”t), component of stiffness and damping coefficients are
. evaluated. Finallythe critical mass paramefgf,) &
¥=cy% = dy+ ve™) o _ e
, whirl ratlo(/\R) can be determined by satisfying (26) &
9= g +ge™ (27) employing Newton Raphson method.

Ill.  RESULTS AND DISCUSSION
e=%.c= c(so% + soqe"R‘)

At A. Steady state characteristics

Ccosp = cos@, — ge"® sing,
_ ] " ’ Since the steady state characteristies load carrying
sing=sing, —¢ge™ cosgg capacity and attitude angle of the journal are dependent on
UR 2L — RIL URZL the steady state film pressydg, which, in turn, depends
Sy = 1 2c: i Dy = ,7203 Dy Wo = 1 ocs o upon the micropolar parameteks, N, and eccentricity
, ’ _mew ratio&,, detailed parametric studies are done to show their
T=a,t «,/a=2 m/m, =2 m= w, effects on the respective non-dimensional form of steady

state load and attitude angle and the results have been
Now using the above substitution and equation coeompared with the respective values for Newtonian fluid.

efficient on both sides, we have the equation of motion in

the following non-dimensional form

B. Effect of coupling number and eccentricity ratio on

‘AzinT’MT?Jf(‘ AT +Sq +iAD, )51 + (22)  Load carrying capacity
(Srwfo —IAD, €4+ W, sin%)q =0 When coupling numbeN is taken as a parameter then
Jra— (é - ).9 the variation of the dimensionless load capacity of the
+ +

mﬁ’f‘i “ 7' 4 .17 - (23) journal bearings as a functionlgffor L/D = 0.1 and&, =
+ (-2 e, + S + 14D,y T, cosp g =0 0.5 is shown in Fig. 3. In Fig.3 we can see that for any
S S I coupling numbenN, the load capacity reduces withand
( 2‘7 vy kﬁ Md)F{:( Sr ~iAD, fe, (24)  approaches asymptotically to the Newtonian value as
+(— Sip€, —IAD, &, Kb, jg =0 |, - cat a finite value ofl, The load parameter

- = - = increases as coupling number is increased.
(22 mw - k- nd)g, +(-S» -iaD, ), (25) Ping

+(_ Swe, - iﬂﬁwfo-ﬁﬁl)@ -0 This is usually happened due to significant effect of

micropolarity in both cases either the characteristic

Where, material length is large or clearance is small. The second
. B case requires more attention here as clearencsually
P.= (.sing, + ¥, cosp) very small in hydrodynamic journal bearing. IAs- o

the velocity and the other flow characteristics will reduce
to their equivalents in the Newtonian theory wigh
everywhere replaced Ky+1/2y), as gradient of

)
_ ’ microrotational velocity across film thickness is very
bzz(yosin%—)*(O cosgoo) small. Hence effectively the viscosity has been enhanced.
. _ ) So, when the non-dimensional load has been referred to the
Now for non-trivial solution, the determinant of (22), Newtonian viscosity, it is increased by a factor
(23), (24) and (25) must vanish. Equating real an +1/2y) p all, o
imaginary parts of equation (obtained by expanding th H X)TH m '
determinant of the equations for non-trivial solution) |n Fig.4 it can be seen that for a particular valué,pf
separately to zero, the following two equations arghe non-dimensional load carrying capacity though

obtained increases in both types of lubrication &g is increased,
ATh+ AT+ AT+ AM+A;=0 (26) the rate of increase igy, in micropolar lubrication is

q,= (ylsin B~ % COS%),

k:'71 = (Yo sin g, + ¥, cos ¢,
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found to be more rapid than that in the Newtonian. It ighat for the Newtonian fluid. The reason is that
also found that the load parameter at any eccentricity ratiloomponents of non-dimensional forces along the line of
is considerably higher than that for Newtonian value atentres and perpendicular to it will be increased by the
:c?vy(;er S\'lfalues ofim and converges to that for Newtonian same factof +1/2y)/ 4 and the attitude angle being the
uld a m = -

function of the ratio of the two will remain unaffected.

— Newtanian 0.1 Re0.3 - RE0.5——- Re0.7-- R=0.9 ‘ ‘— Newtonian 0.1 R=0.3 - RE0.5—— N=0.7 - R=0.9
0.€ 55
1
\
05! LUD=0.1, £ =05 54
\ 53
1
0.4\ _ 52
' w
§ \ g 51
\
S 0.3 1 \‘ <50 |\
o \ 2 !
|§ 0.2 \ < 49 '|
24 \
h MPTERN
\
a7 ) LD=0.1,£=05
v
46
0 T —— T T 45 +— — T — — — —
0 10 20 30 40 50 60 0 10 20 30 40 50 60
|

m

Fig.3. Variation o\ with I,for various values df? Fig.5. Variation ofg | with Imfor various values ok

Newtoniar -=--- Micropolai | Newtoniat ==~~~ Micropolal
0.4¢ 90 4
0.4 L/D = 0.1. N=0. 80 4 &=01
AN 70 1
0354 v | e —
N @ 60 o=
0.3 4 S~ 9 1
S~ < 50 ] S e == T piaii |
S~o — b =05
5 025 . %=01 E o
s 4T ;? 40 - —_
3 021 e _
= 30 | =07
= 0.15 i
' 20| —=== -
=~ So 90:
0.1 e =03 10 | &S
005 =7 o= 05 01 ‘ ‘ ‘
N e — ==07 0 10 20 30 40 50 60
T T I
0 20 | 40 60 "
; e __ . n ) Fig.6. Variation ofg with Ifor various values ofo.
Fig.4. Variation 01W0W|th Imfor various values ofo. 0

C. Effect of coupling number and eccentricity ratio onEffect of the eccentricity ratio on attitude angle has been
Attitude angle shown in Fig.6, for./D = 0.1 andN? = 0.5. It is found
from the figure that at any;, attitude angle decreases

Fig.5 shows the variation of the attitude angle with increase ir,. Furthermore, the effect of micropolar
with micropolar parametdy, for L/D = 0.1 and&,= 0.5

parametet,, becomes more pronounced at higfgr The
when coupling numbe as treated a parameter. It can begptimum micropolarity is found to be almost independent
seen from the figure that for a particular value | gf

attitude angle decreasesMss increased. Furthermore, as of &, and occurs d, around 10.

Im increases the values of the attitude angle convergg non-dimensional components of stiffness and damping
asymptotically to that for the Newtonian fluid. For any .yefficients

coupling number, attitude angle initially decreases with The dynamic characteristics are expressed in

increase irly, reaching a minimum and then reversing theye ms of non-dimensional components of stiffness and
trend ad,, is further increased.

) ) ) damping coefficients and the critical mass parameter
Itis found that the optimum value Bf at which 51504 with the corresponding whirl ratio. These

®,becomes a minimum increases with a decreasd. in characteristics representing the stability of the journal

Further atl,, = 0, the attitude angle remains the same asvhich is dependent on the steady state and perturbed film
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pressureg,, p, andp, and thus, in turn, depend upon the The effect of&, on whirl ratio can be found from Figes

micropolar parameters,{ N) and eccentricity ratio ;). a function ofl,, for N* = 0.3 and./D = 0.1. It can be seen

Detailed parametric studies are done to show their effecf§om the figure that as eccentricity ratio increases, whirl
on the non-dimensional components of stiffness and@tion increases but in the range of 0.1 to 0.3. After that
damping coefficient and finally on critical mass parameteﬁ"’h'” ratio dgcreases. Whirl ratio increases with increase
and whirl ratio. Fig.7 shows the combined effect,odnd " Im and ultimately converges to that for Newtonian fluid

N on critical mass parameter at various values of NVhenlmis indefinitely large.
keeping&, = 0.1, K = 0001, d = 0001andL/D = 0.1.

‘ ,,,,,,, £0= 0.1 Micropolar - £0= 0.3 Micropolar €= 0.5 Micropola

—— Newtonian 0.1 N=0.3 ----- R=0.5--—- N=0.7 - N=0.9 ‘ 6

0.25

N
\
\

0.05 0 T T T
0.0001 0.0201 0.0401 0.0601 0.0801

K

0 10 20 30 40 50 60

I
Fig.7. Variation of(mc) with | xfor various values df?

As |, grows indefinitely the threshold of stability

decreases with decrease in N and the micropolar flui¢iith external StiﬁnesiR) at various values &, at N2 =
approaches to Newtonian fluid. Stability improves R o B )
initially as |, is increased, reaches a maximum to that foQ-1: Im =5, d = 0001, 2=01 and L/D= 0.1.It is found

Newtonian fluid at large value df. The increase in the from the figure that critical mass parameffr, ) initially
stability parameter in micropolar lubricant regime can bejecrease at very low value (ﬁ) and then increase with

explained from the steady state analysis in which it haﬁ1 reasing the value O(R) at different eccentricity ratio.
been shown in steady state analysis that load parameter o?

a journal bearing increases in the micropolar fluid than iﬁAS shown in the figure that the critical mass parameter

the Newtonian fluid. Therefore. with same load joumalmcreases with decrease in eccentricity ratio and the
will run at higher eccentricity ratio in a Newtonian fluid threshold stability decreases with eccentricity ratio.

as compared to micropolar lubricant and consequently the

Fig.9. Variation Of(IWC) with (K) for various values af,

Fig.9 shows the variation of critical mass paramé‘@g)

stability parameter in micropolar lubricant regime will | — Newenan %01 ®03 - R05 . N07 - K09
increase.
0.3
Newtonian - ------- Micropolar
0.07
6=0.3
006 ———————————-————==========
0.05 Al _&01
0.04 - At
@ ’/ 7
‘< /7 /’
0.03 - Pt
0.02 0 T T
0 10 20 30 40 50 60
0.01 Im
Fig.10. Variation of\g with |, for various values df?.
0.00 T
0 1o 20 | % 0 %0 00 Fig.10 shows the variation of whirl ratio with, whenN
m is taken as a parameter fgf = 05 andL/D = 0.1. It can
Fig.8. Variation ofigwith I, for various values of. be seen from the figure that as coupling number increases,
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whirl ratio decreases. As a parametric variatiomNpthe
whirl ratio increase with increase ik, at particular
eccentricity ratio and converges to that for Newtonian
fluid whenl, is indefinitely large.

[2]
IV. CONCLUSION

From the studies and the results reported in the paper, te

following conclusions may be drawn.

4

(i) The non-dimensional load carrying capacity increase[s]
as the coupling number increases and nonrg
dimensional characteristic length decreases. The load
parameter converges to the Newtonian valubl-a€ (6]
andl,, —o.

(i) Other parameters remaining the same, the load
parameter increases in both types of lubrication witt’]
the increase in eccentricity ratio. The load parameter
remains always higher in the micropolar fluid as
compared with the Newtonian fluid.

(iif) At a certain value of,, all dimensionless response (8l
coefficients increase as the eccentricity ratio increases
when other parameters remain the same.

(iv) More micropolarity represents more stability in the
bearing. However, for a specific micropolar fluid an ol
optimum micropolar effect can be found by the
suitable choice of the lubricant’s grain size. (10]

(v) Higher eccentricity ratio favors the bearing towards
higher stability. [11]

(vi) Threshold stability increase with damping.

(vii) Higher threshold of stability is achieved in [12]
micropolar lubrication compared with Newtonian
lubrication. [13]

ACKNOWLEDGMENT 14
‘Acknowledgement’-although a light surrounding term

contains the deepest sense of gratitude, that not only
services within the boundary line of a few calculations[15
oriented papers, but also it denotes an extensive range of
emotional aspects in the mind of person concerned.
Especially, who is grateful for a praiseworthy
remuneration, of course, remuneration does not exist %)
the logic of financial benefit, but it brings forth only
personal satisfaction. It sincerest implication goes into the
farthest core of my heart, being fully aware of the fact,
that this paper would never attain successful completior{m
but for the kind and direct guidance dr. A. k.
Chattopadhyaywhich is exclusively fathomless indeed,
existing vividly in the procedure as well as the relevant*®!
steps formulated by the author.

I am highly grateful to the authorities of Thapar
University, Patiala for providing this opportunity to carry (1
out the research work.

[20]
REFERENCES

[1] Tower, B. “First Report on Friction ExperimentsProc. Inst.
Mech. Engrs., London, Vol.34,Nov., 1883, pp.632-6&&cond
Report on Friction ExperimentsProc. Inst. Mech. Engrs. London,

Vol.36, 1885, pp.58-70Third Report on Friction Experiments”,
Proc. Inst. Mech. Engrs., London, 1888, pp.173:20=ourth
Report on Friction Experiments’Proc. Inst. Mech. Engrs.,
London, 1891, pp.111-140

Reynolds, O. “On the Theory of Lubrication and Its Application to
Mr. Beuchamp Tower'sExperiments, including An Experimental
Determination of the Viscosity of Olive Oil’Phil.Trans. Roy.
Soc., London, Vol.177, Pt.1, 1886, pp. 157-234.

Ariman t, cakmak AS, Hill LR. Flow of micropolar fluids between
two concentric cylinders. J Phys Fluids 1967;10(12):2545-50.

Datta AB. Pivoted slider bearing with convex pad surface in
micropolar fluid. Jap Appl Phys 1972;11(1):98-102.

Maiti G. Composite and step slider bearings in micropolar fluid.
Jap J Appl Phys 1973;12(7):1058-64.

Hoyt, J. W. and Fabula, A. G. “The Effect of Additives on Fluid
Friction”, U.S. Naval Ordnance Test Station Report, 1964

Vogel, W. M. and Patterson, A. M. “An Experimental Investigation
of the Effect of Additives Injected into the Boundary Layer of A
Underwater Body”Pacific Naval Lab., Defendeesearch Board of
Canada, Report 64-2.

Isa, Md. and Zaheeruddin, Kh. “Hydrostatic Step Seal and
Externally Pressurized Conical Step Bearing with Micropolar
Lubricant”, Jap. J. Appl. Phys., Vol.16, No.9, Sept.,1977, pp.1577-
1582.

Eringen, A. C. “Simple Microfluids”, Int. J. Engng. Sci., Vol. 2,
1964, pp.205-217.

Eringen, A. C. “Theory of Micropolar ContinuaDev. in Mech.,
Vol. 3, Pt.1, 1965, pp.23-40.

Eringen, A. C. “Linear Theory of Micropolar Elasticityd, Math.
Mech., Vol.15, No.1, 1965, pp.909-923.

Eringen, A. C. “Theory of Micropolar Fluids']). Math. Mech.,
Vol.16, No.1, 1966, pp.1-18.

Ariman T, Cakmak AS, Hill LR. Flow of micropolar fluid between
two concentric cylindersl Phys Fluids 1967;10(12):2545-50.

Das, s., Guha, S.K., and Chattopadhyay,A.K. “Linear stability
analysis of hydrodynamic journal bearing under micropolar
lubricants"Tribology international 38; (2005): 500-507.

] Chattopadhyay A K, Karmakar S, " Nonlinear analysis of flexibly

supported finite turbulent flow oil journal bearings", International
Journal of Applied Mechanics and Engineering, Zielona Gora,
Poland, Vol.2, No.4, 1997, pp 557-568.

Wang, X.L. and Zhu, K.Q. “Numerical analysis of journal bearings
lubricated with micropolar fluids including thermal and cavitating
effects,” Tribol. Int. 39, 2006, pp. 227-237.

Nair, K.P., Nair, V.P.S. and Jayadas, N.H. “Static and dynamic
analysis of elastohydrodynamic elliptical journal bearing with
micropolar lubricant,” Tribol. Int. 40, 2007, pp. 297-305.

Verma, S., Kumar, V., Gupta, K.D. “Analysis of multirecess
hydrostatic journal bearings operating with micropolar lubricant,”
J. Tribol. 131, 2009, pp. 021103-1-9.

9] Nicodemus, E.R. and Sharma, S.C. “Influence of wear on the

performance of multirecess hydrostatic journal bearing operating
with micropolar lubricant,” J. Tribol. 132, 2010, pp. 021703-1-11.

Rahmatabadi, A.D., Nekoeimehr, M. and Rashidi, R. “Micropolar
lubricant effects on the performance of noncircular lobed
bearings,” Tribol. Int. 43, 2010, pp. 404-413

Proceedings of thetinternational and 6National Conference on Machines and Mechanisms (iNaCoMM2013), IIT Roorkee, India, Dec 18-20 2013

843



[21] Naduvinamani, N.B. and Santosh, S. “Micropolar fluid squeeze[23] Sharma, S.C. and Rajput, A.K. “Effect of geometric imperfections
film lubrication of finite porous journal bearing,” Tribol. Int. 44, of journal on the performance of micropolar lubricated 4-pocket
2011, pp. 409-416. hybrid journal bearing,” Tribol. Int. 60, 2013, pp. 156-168.

[22] Nicodemus, E.R. and Sharma, S.C. “Performance Characteristics
of Micropolar Lubricated Membrane-Compensated Worn Hybrid
Journal Bearings,” Tribol. Trans., 55, 2012, pp. 59-70.

Proceedings of thetinternational and 6National Conference on Machines and Mechanisms (iNaCoMM2013), IIT Roorkee, India, Dec 18-20 2013

844





