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ABSTRACT

In this paper an effort has been made to study the squeeze film effects of two circular stepped plates. The generalized
form of Reynolds equation governing the flow for two symmetrical surfaces are used to obtain the velocity profiles of
the lubricant. The squeeze film pressure and the load carrying capacity are analysed to find the squeeze time.
Theoretical results on the effects of velocity slip and viscosity variations are also presented for the circular stepped
plates.
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1. INTRODUCTION

The squeeze film bearings are found to be very useful because of squeezing action between the surfaces due to which
high pressure and more load can be generated. Squeeze film lubrication has several applications such as clutches,
breaks, gears, machine tools, etc. A considerable work has been done for the calculation of stresses induced in circular
plates due to different loading and boundary conditions. The stepped plates are one of these plates which are widely
used in engineering applications. Several researchers studied the squeeze film bearings lubricated with Newtonian
fluids. Dowson [1] unified the various attempts in generalizing the Reynolds Equation by considering the variation of
fluid properties across as well as along the fluid film thickness by neglecting the slip effects at the bearing surfaces.
Rao et al. [2] studied the effects of velocity-slip and viscosity variation in squeeze film lubrication of two circular
plates. Raghavendra Rao [3] studied the effects of velocity slip and viscosity variation for lubrication of Roller
bearings. Rashidi et al. [4] Analytical Solution of Squeezing Flow between two circular plates by using homotopy
analytical method. Hsu [5] observed the combined effects of surface roughness and rotating inertia on squeeze film
characteristics between parallel circular disks. Naduvinamani and Gurubasavaraj [6] analysed the stochastic theory of
hydrodynamic lubrication of rough surfaces and studied the effects of surface roughness on the performance of the
squeeze film between circular curved plates. Bujurke et al. [7] analysed effect of surface roughness on the squeeze film
lubrication between curved annular plates. Patel and Deheri [8] investigated the effect of surface roughness on the
performance of a rough circular cylinder near a plane considering slip velocity. A theoretical analysis on the squeeze
film characteristics between circular stepped plates lubricated with Rabinowitsch fluid is presented by Naduvinamani
[13].
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2. NOMENCLATURE

h  Total film thickness
h,  Final film thickness
k  Ratio of the viscosities
| Length of the bearing
P Hydrodynamic Pressure
R Radius of the surfaces in case of circular plates
T  Squeezing time of for stiff surfaces
V  Squeeze Velocity
W Load capacity for stiff surfaces
4 Viscosity of the purely hydrodynamic zone
Q  Volume flux
£ fluid density
u,v  velocity components in the x,y direction
n  viscosity
KR  Thepositionofthestep 0<K <1
P,  Fluid film pressure in the region 0<r < KR
p,  fluid film pressure in the region KR<r <R
V  velocity
V.V, velocity vector
w load - carrying capacity
A non-dimensional load-carrying capacity
h maximum film thickness
h, minimum film thickness
a thickness of the peripheral layer
= h
h dimensionless film thickness (: T

=

dimensionless film thickness after time At (: —j

Q|

a
|
r non-dimensional radial
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3. ANALYSIS

The equations of motion for a Newtonian fluid in Cartesian co-ordinates are,

op Du 20 (ou ov) 290 (au 5’W) 0 (ov ou) @ Eau awj
—+p—=pX+—n| ——— |+—n| ——— |+ —| —F+— |+ —| —+—
oX Dt oXx oy) 3ox \ox o) oy \ox oy) 0z \oL OX

op Dv 20 (v au) 20 (ov aw) & (ou ov) & (ov ow
—tp—=pN+——p| —— |+=——n| — — |+ | —+— |+ —n| —+—
oy " Dt 39y 30y oy ox

oy ox oy 0z ) ox oz '\oz oy (1)
op Dw 20 an 6uj 20 (ow ov| 0 [ow ov) 0O [aw auj
—+p—=pl+——n| ——— |+——n| ——— |+—| —+— |+ —n| —+—
oz Dt 30z \0z ox) 30z \(oz oy) oy \oy ©z) oOx \ox oz
6_p+5(pu)+5(,0V)+6(pW):O
ot OX oy oz ?)

Assuming that the flow of the fluid is laminar between two symmetric triangular plates. The Navier-Stokes equation as
obtained by Dowson [1],

op _of, ou
OX oz 7 oz
QELQPQQ ®3)
oy oz oz
where P = p(x, y) is the pressure in the film and n is the viscosity. The boundary conditions considering slip at the
surfaces (3), (4) are as follows: at Z=H; we have,

u=(u), =), [Z—:] +U,

v=(v), =(5), BV—Z} +V, atZ=H,

u=(u), =-(4), B—ﬂ +U,
v=(v), =—(5), [%ﬂ +V, atZ=H, (4)

where the suffixes 1 and 2 represent the values at z=H; and z=H, respectively Here ;s and &’s are molecular mean of
the free path for gas lubrication. They depend upon the lubricant temperature, pressure and viscosity. In liquid
lubrication A and & depend on viscosity and the coefficient is sliding friction.

From equation (3) and (4) we obtain,

iU, |+ [ & [M_@F’H%Hﬁ IZ &}@

a7 F, F ox W | ox
“dz ([V,-V, F}oP . 7dz ] oP
-V, = |21 __ 17 H £usor 5
N ﬁ1+;[77 i F Floay]{ﬁl l+.[H1 n }5)/ ®)
Z z
Where F0:0‘1+a2+.'-E ’Fol:ﬂ1+,82+ ﬂ.
Hy H;
"t 2dz 1 © zdz
F=ayH; +a,H, + J.T F=BH,+BH,+ | —
H; Hy
(4), (4), ,_(9), (9)
e Al o 1) ©)
l (7), 2 (7), 1 (m), ’ (4),
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From equation 2

J‘ J' (pU)
0 P, 8, o 0 0
8x{(F G)ax} 5{(5 G)ay}+H{aX(pU)l+5(pV)l}
_H {j (ou), jy(pv)z}+ j %pdzupw)ﬂ;
Where F, = fp—z{z—i}dz, Fl= Jgp—z{z—lz—li}dz, F, = fp—zdz
h, 7 Fo F, h,

o o Rl I3
s

H
¢ zdz F
G,'= j[ {ﬂlH J——Fll:ﬂl"‘
H2 H3
Gin. Z@_p B+ E z,GS:J.za—pdz
0z 7 5, Oz

I ﬂdz +(pW)? =

H, 0
H, B z

G, = za—p o, + % dz
Hy az L Hy 77 a

Assuming slip velocities at the bearing surfaces for couple stress fluid film lubrication
(4),=(A), =(6),=(5), =0
a,=p=p,=0
Using the concept of multiple layer lubrication,
p=p(XY)n=mn(xy) H <z<H, +h
p=p,(XY)n=n,(xYy) Hi+h <z<H +h+h
p=p(%Y).n=m(xYy) H+h+h, <z<H +h+h,+h,

Taking, u=uU U,=V;=V,=0
a=pa,=p
op.
Pi_o 1,23
0z

From equation (8),
e Pl 2l
OX OX oy oy

8 5 5 5 ok, "
=H, {& (pu), +5(PV)2}— Hl{&(pu)l +5(pV)1}+U &{Fo}ﬂpw]m

where F0=a1+a2+ﬂ+&+&
no 1, 713
F—aH, +a H,+ H@H)  h(@H, +20 +hy) h(2H, +2h +2h, +h)
2771 2772 2773
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= =plhl(Zthl)+p2h2(2H1+2h1+h2)+p3h3(2H1+2hl+2h2+h3)
’ 2m, 21, 21,

F |oP a
(pu)l =/710‘1[H1_F:}&+plu [ _F:}

F |oP a
u). + p.a, | H ——% |—=pU =%
(P )2 Ps 2{ 2 Fo}ax Ps F,

F ]op
pv) =pea | H ——1}—
( )l 1 1|: 1 Fo ay

F |op
(pv)2+p3a2|:H2_F;}E:0
' oH, oH, oH oH
w|.*+(pu +(pv +V, =(pu 2+ (pv s
Low],;; + (o) = =+ (ov), PR vl G

(13)

where V is the resultant velocity towards the film. Considering three symmetrical incompressible layers between two

solid boundaries.

We have, 7, =17, and p, = p, = p,
H=0 H,=(h+a)=hh=h=a/2h,=(h-a)

a=a,=p=p5=1p

Hence,
e @) 26 Py 2
OX oX | oy oy OX
)3 3 2(h_ a2 2
where F,= (h—2a) +a +3a’(h-a)+3a(h-2a) +h—, ﬂ:ﬁ is the slip parameter.
127, 127, 23 )

1. SQUUEEZE FILM LUBRICATION OF CIRCULAR STEPPED PLATES

The Volume flux of the lubricant is given by

Q:Zﬂr[led—P}

dr
1® [(h-a)k-1)+h® 6h?
F=— +
12u k B
Integrating the continuity equation
10 e 2 g
ror 0z
i(ru) = —r@
or 0z

Using the boundary condition w=0 at z=0 & w=-V at z=h
h

h
Ii(ru)dz :—rJ‘@dz
o Or ) 02

o " )
E[rgudz] = —r(w)"
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0 Q|

@ =2zrV
or

2
I@dr =2V [r—j +C,
or 2

2
Q=7nVr-+C;

Since Q=0 at r=0
=C,; =0
Q=rar¥V

17
From equations (16) & (17) we have

ar?V = —2ﬂr[|:4 d—P}
dr
d__Vr

or F,
o _ Vr

18
or F, ()

where I =1,h =h; intheregion 0<r < KR and i =2,h=h, intheregion KR<r <R

In region I: (OS r< KR)
o __Vr

or F

e L
Fol J(-a)k-D R’ 6h’
12, k p

(19)

In region I1: (KR <r< R)
o, __Vr

or F
3 —
- | {(1—a)(k—1)+1+g}
12u k Ji;

Integrating (19) and (20) and using the boundary conditions
P =P, at r=KR

(20)

p,=0at r=R
V or?
=———+C (21)
1 F5 2 1
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Similarly,

\Y
p,=——"—+C, (22)

Using P, = Oat r = Rinequation (22) we get

V R?
C,=——
F 2
Equation (22) changes to
V (R*=r%)
2=, =
2 Fs

Since p, = p,at r =KR

oV {KZRZ X R2(1— KZ)}
Y
F5 FG

2

Substituting the value of C; in equation (21) we get
vr? V{KZRZ R2(1—K2)}
—+— +

2R 2| R F,

V |K’R*=r® R*(1-K?)
plz— + (23)

p1:

2 K Fs

oo P _Kz—r*2+(1—K2)
'RV 2R 2F,
_V (RP-r?)

P, I (24)

2 F

L op @-r?)
P, =—"">=
VR 2F,
The load carrying capacity w is given by
KR R
W =27zJ- rpldr+27rj rp,dr
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KR 212 2 2 2 R 2 2
V |KR" —r R°1-K V(R —r
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PIRV 4 K F,

*

W

(26)

Writing V= _d_TZ in equation (25), the time of approach is given by
dh, V1 K* @-K*
daT J4\ K Fs

ar  R*(K* L - K*)

*

dh, AW | K Fs

4 hy

R K' @-K% ) —
far =22 KL g
w R R
h
R* ¢(K* @-K%) —
PR aok) o o
wol R R
. _L{(Hz+ﬁs—a)(k—1)+(ﬁz+ﬁs)3+6(Hz+ﬁs)2}
-
12u k B
i _L{(ﬁz—a)(k—1>+ﬁf+ﬁﬁf}
° 124 k B

RESULTS AND CONCLUSION

The non-Newtonian effects of Viscosity Variation in squeeze film lubrication of circular stepped plates are
investigated. This paper predicts the influence of couple stresses on the squeeze film characteristics of step bearings on
the basis of Stokes couple stress fluid theory.

LOAD CARRYING CAPACITY

2 3

—— k=1
—— k=3
W’ —4— k=5
—— k=7
—+— k=9

DD 1 1 1 1 1 1
0 100 200 200 400 500 800 700 200 200 1000

Figure-2: Variation of W " with £ for different values of k with h = 0.6,a = 0.055, K = 0.6.

The above figure indicates variation of W~ with 3 for k =1,k =3,k =5,k =7 and k =9. We observe that for

any value of S dimensionless load carrying capacity W ™ increases for an increase in k.
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Figure-3: Variation of W* with /3 for different values of h with a = 0.055,k =3,K =0.6.

The above figure indicates variation of W™ with B for h=0.3, h=0.4, h=0.5 h=0.6 and h=0.7. Wwe

observe that for any value of /3 dimensionless load carrying capacity W™ increases for an increase in h.
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B

Figure-4: Variation of W* with £ for different values of K with h = 0.6,a =0.055,k = 3.

The above figure indicates variation of W* with S for k =0.3, k =0.4, k=05, k =0.6 and k=0.7. we

observe that for any value of /3 dimensionless load carrying capacity W™ increases for an increase in k.

TIME-HEIGHT RELATIONSHIP

*

Figure-5: Variation of T™ with h; for different values of k with h =0.6,a = 0.055,K = 0.6, 4 =100, h, = 0.15.
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The above figure indicates variation of T" with 8 for k =1, k =3, k=5, k =7 and k =9. We observe that for

any value of h: dimensionless load carrying capacity T " increases for an increase inkK .

—s—K=0.3
—_— e .4
——K=0.5
——K=058
—— K =0.7

voa - = Wa o -0 - v e

ke

Figure-6: Variation of T" with h; for different values of K with k = 3,a = 0.055, # =100, h; =0.15.

The above figure indicates variation of T with h; for k=0.3, k =0.4, k=0.5, k =0.6 and k=0.7. we

observe that for any value of h; dimensionless load carrying capacity T * decreases for an increase inkK .
f

The dimensionless load carrying capacity increases as ratio of the viscosities increases. Also the dimensionless load
carrying capacity increases as the total film thickness increases. The load carrying capacity increases as ratio of the
viscosities increases. The dimensionless time increases as the ratio of viscosities increases. Also the dimensionless time
decreases when the length of the circular stepped plate decreases.
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