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Abstract-Efforts have been made to analyze the performance of two layered porous inclined slider bearing with
transversely rough surfaces under the presence of a magnetic fluid lubricant. The external applied magnetic field
is oblique to the lower surface. The surface roughness is characterized by a stochastic random variable with non-
zero mean, variance and skewness. The associated stochastically averaged Reynolds’ equation is solved to obtain
the pressure distribution leading to the calculation of load carrying capacity. Further, the expression for friction is
derived and the position of centre of pressure has been determined. The computed results show that the bearing
system registers a relatively better performance as compared to that of a bearing system dealing with a
conventional lubricant. The transverse surface roughness induces an adverse effect on the steady state
performance. Besides, providing an additional degree of freedom, this investigation offers some scopes for
reducing the adverse effect of porosity and standard deviation by the positive effect of magnetization in the case
of negatively skewed roughness when negative variance is involved. This investigation conclusively establishes
that the porosity parameter plays a crucial role from design point of view even if a suitable value of the

magnetization parameter has been chosen.

Index Terms- Slider bearing; magnetic fluid; surface roughness; porosity; load carrying capacity.

1. INTRODUCTION:

Double layered porous plates are found to be
useful in reducing the permeability in order to retain
the lubricant between the plates and hence to improve
performance when the porous plates are not
completely saturated with lubricant. Marshall and
Morgan [1] established that the use of double layered
porous housing in which the inner layer has a reduced
pore size and hence low permeability is advantageous
because it reduces the seepage of the lubricant into the
porous wall and helps to bring the lubricant between
the surfaces during starvation period. Cusano [2] dealt
with the lubrication of two layered porous journal
bearing. Srinivasan [3] made use of the Morgan —
Cameron approximation and simplified the analysis of
two layered porous bearing. In fact, she considered the
squeeze film behavior between two layered porous
plates of various geometries and derived the
expressions for various bearing performance
characteristics in closed form. Gupta, Patel and Hingu
[4] analyzed the problem of two layered porous
journal bearing taking the curvature of the bearing into
account. Bhat and Patel [5] discussed the problem of
hydrodynamic lubrication of two layered porous slider
bearing with tangential velocity slip. Besides, the
following investigations (Circular plates of Patel and
Hingu [6], annular plates studied by Hingu [7] and
externally pressurized bearings by Ajawalia [8])
regarding the double layered bearings have been
conducted. All the above investigations dealt with the

conventional lubricants. Oil based or other lubricating
fluid based magnetic fluid can act as a lubricant. The
advantage of magnetic fluid as lubricant over the
conventional ones is that the former can be retained at
the desired location by an external magnetic field. Use
of magnetic fluid as a lubricant improving the
performance of the bearing system has now been very
well recognized. Agrawal [9] considered the problem
of slider bearing working with a magnetic fluid as the
lubricant and found its performance better than the one
with conventional lubricant. Bhat and Deheri [10]
extended this analysis by considering a magnetic fluid
based porous composite slider bearing with its slider
consisting of an inclined pad and a flat pad. The effect
of electric and magnetic fields on the flow of
electrically conducting lubricants has been studied.
Usually, two general configurations of the slider have
been analyzed. One configuration uses a transverse
magnetic field with tangential electric field while the
other uses a tangential magnetic field with a tangential
electric field. Bhat and Hingu [11] conducted a study
of the hydromagnetic squeeze film between two
layered porous rectangular plates. Here it was shown
that MHD induces a relatively better performance.

But owing to elastic, thermal and uneven wear
effects the configuration of the bearing encountered in
practice are normally far from being smooth. It is an
established fact that the bearing surfaces tend to be
rough after receiving some run in and wear. Even
sometimes the contaminations of lubricants and

1577



International Journal of Research in Advent Technology, Vol.7, No.3, March 2019
E-ISSN: 2321-9637
Available online at www.ijrat.org

chemical degradation of surfaces contribute to
roughness. Tzeng and Seibel (1967) recognized the
random character of the roughness of the bearing
surfaces and used a stochastic approach to model the
roughness mathematically. This approach of Tzeng
and Seibel [12] was further developed and modified
by Christensen and Tonder (1969.a, 1969.b, 1970) to
study the effect of surface roughness in general. This
analysis of Christensen and Tonder [13, 14, 15] was
employed in several investigations (Ting [16] Prakash
and Tiwari [17] Prajapati [18, 19], Guha [20], Gupta
and Deheri [21] Andharia, Gupta and Deheri [22, 23]).
Andharia, Gupta and Deheri [27] proved that the
transverse surface roughness affected adversely on the
hydrodynamic lubrication of slider bearings. However,
it was noted that the negatively skewed roughness
resulted in a relatively better situation. Lin et. al. [28]
analyzed the surface roughness effect on the
oscillating squeeze film behavior of a long partial
journal bearing. According to the results found the
effect of circumferential roughness provided a
reduction in the mean bearing eccentricity ratio as
compared to the smooth bearing case. However, the
squeeze film bearing with longitudinal roughness
structure resulted in a reverse trend. Patel and Deheri
[29] discussed the effect of transverse surface
roughness on the performance of a porous slider
bearing with slip velocity under the presence of a
magnetic fluid lubricant. It was shown that the
negatively skewed roughness increase the load
carrying capacity which was already increased by the
magnetization. It was established that for an overall
improved performance the slip velocity deserve to be
kept at minimum. Recently, Patel, Deheri and Vadher
[24] considered the effect of transverse surface
roughness on magnetic fluid based squeeze film
performance between porous infinitely long parallel
plates with porous matrix of non-uniform thickness.
Patel and Deheri [30] discussed the magnetic squeeze
film performance in a double layered rough porous
slider bearing taking combined porous structures.
Recently, Patel and Deheri [31]dealt with the
comparison of different porous structures on the
performance of a magnetic fluid based porous layered
rough slider bearing.

Here it has been proposed to study the effect of
transverse surface roughness on the performance of a
magnetic fluid based porous two layered inclined
slider bearing.

2. ANALYSIS:
The configuration of the bearing which is infinite
in the Z — direction is shown below.

Y
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Configuration of the bearing system

The non-porous slider moves with a uniform velocity
U in the X — direction. The stator has porous facing of
thickness H1 and H2 backed by solid housing. The
applied magnetic field H is oblique to the stator. The
governing differential equations for the motion of
magnetic fluid, continuity equation and Maxwell
equations in the film region are (Agrawal (1986))

p{ﬁﬁ\t/ + (VV)V} =-Vp+ pv2\7 + pO(M.V)ﬁ + pa2V X [m + M*]

@
V.V =0 )
VxH=0 @3)
V.B =0, é:uo(ﬁ+ﬁ) o)
and
M=pH

J—

where V |, m,p, u, o, , M, M*, H | pand no are the
fluid velocity, the lubricant pressure, the density, the
coefficient of viscosity, a material constant, the
magnetization vector, the magnitude of the
magnetization vector, the corotational derivative of ,
the external magnetic field, the magnetic susceptibility
and the free space permeability respectively. With
usual assumptions of lubrication and neglecting the
self-field created by the magnetization of the fluid,
Equations (1) and (2) reduce to

2
op o°u OHx OHx
-——+tu—s M M =0
5X+Hay2+u0( 1 ox +My ayJ
(6)
oH oH
—@-{-MO Ml—y+M2—y =0
OX OX oy
()
and
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where (M1, M2) and (Hx, Hy) are the components of OX
the magnetization and the external field , which is - o 9
applied obliquely. B9y 17
The flow of the magnetic fluid in the porous 2 OX
regions are given by: and
(Region: - H1 <y <0)
=K oHy , Hy fap 0% a¢a¢
o S|Py (Mo gy kg Hx ) Mg M =M 5 oxoy oy’
1 - 1) OX u 1 OX 2 ay 8y
- ©) =8
— K, \op n~K ==——H (18)
v =- ~1 771 (7001 2 oy
no)oy n Substitution of Equation (17) into Equation (6);
Equation (18) into Equation (7) respectively, gives
8Hy 8Hy 5 —
M +M, —— wApH
1 ax 2 oy a——i p—-0 =0
8y2 OX 2
(10)
and (19)
ox oy Ll (20)
(11)
(Region: - (Hy + Ho) <y <-Hy) Similarly, the Equations (9), (10), (12) and (13) turn to
—  [Ky9p, [mgK OHy OHy — 2
2 2 02
=4 |—<+—=|M +M, —=
"2 [ J@X +[ u L ox 2 aYJ ;:—ﬁi E_MOMH (21)
(12) 1 wojox| 1 2
. op n-K oH oH
_ | 2 Agj; 02 M _y M Yy -2
"2 (u]ay ( W ax 2y VL_ﬁﬁﬁftOW 22)
(13) 1 w joy| 1 2
And
ou, v, K H2
— 2, 2_9 (14) U= 2|95 Mot
ox oy 2 nojox| 2 2
where K; and K; are the permeabilities and H; and H>
are the thickness of the porous bushes, p1 and p2 (23)
are the pressure in the respective two porous regions. . K2 ol — posz
From Equations (3) and (5) V2 =— —=|— p2 - (24)
Bl ob nojoy 2
Hy =——, Hy =——
OX oy Substituting from Equations (21) and (22) into
(15) Equation (11) one avails
and 3
My = uHy, M= uHy, H2 = H2 + Hy? ) )
1 ’ (16) 02 | — mghHT | 52| muguH
Also, 2 pl_ 5 + 2 pl_T =
OX oy
(25)
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and substituting Equations (23) and (24) into
Equations (14) one obtains:

02 - nghH? | 52 - pgiH?
— + — =
ox2 2 2 8y2 2 2
(26)
Now solving Equation (19) using boundary conditions
u=0aty=0
and
u=Uaty=h,
one can conclude that
2
1 9| koeH™ uH 2
U=_—— —h +
20 0% 5 (y= —hy)
(27)

Substitution of Equation (27) into Equation (8) and
integration across the film thickness gives

— .2
| hda| RoHHT | un

) = - +—
y=0"ox| 12uoéx 2 2
(28)

Since the velocity component in the y — direction must
be continuous at the plate—film interface.

—

(V)y:0= Vl y:0 (29)
while the other boundary conditions are
while the other boundary conditions are
p= piaty=0 (30)
Va2 = ylaty:-Hl (31)
P2 = piaty =-H; (32)
Vo =0aty =- (Hi+Hy) (33)

From Equation (33) with Taylor’s series expansion
one obtains

:(v_)_ —H [ﬁJ +..=0
g) V2FH 2 gy "

(@)—(H1+H

Neglecting higher powers of Hi, assuming it small

@)_Hl ) HZ[%JH

Using Equation (31)

I
1 Hl 2 oy —Hl

Expanding left hand side by Maclaurin’s
series and using Equation (24) it is found that

(V_) -H 8_\/_1 -H ﬁ_&i __ﬂ
y=0 "1 oy - Zay w ooyl 'l 2

y=—H1
Using Equation (32) and further expanding it by
Maclaurin’s series one arrives at

s
1/y=0 1 oy y=0

—.2
Koty 6% | - motH
y=0
+O(H2)
In view of Equation (22) this leads to
12
1y=0 “ 8y 1 2
y=0
K,H 2 u ;LHZ
|22 07 |—_"o
y=0
(KH+KH) 2 puH
(V—) 11 )
(34)

by making use of use of Equation (30). Use of
Equation (34) in Equation (28) gives

{[K1H1+K2H2J h3 }
d " 2 U dh
x|, ) ngHH? 20x
X 2
) (35)

Integrating Equation (35) one observes that
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w(6Uh -12A)

p3 +12(K1H1 + K2H2)

(36)

0 HoﬁHz
OX P 2

where A is a constant of integration.

In view of the discussions ensued in
Christensen and Tonder [13 14 15] regarding the
stochastic modeling of roughness, the thickness h(x)
of the lubricant film is considered as
h(x) = h(x) + hs(X)
where h(x) is the mean film thickness and hs(x) is the
deviation from the mean film thickness characterizing
the random roughness of the bearing surfaces. Hs(x) is
considered to be stochastic in nature and governed by
the probability density function f (hs), - ¢ < hs < ¢
where c is the maximum deviation from the mean film
thickness. The meana, the standard deviation ¢ and
the parameter & which is the measure of symmetry of
random variable hs, are defined by relationships
o = E (hs)
o?=E[(hs-a)’]
and
e=E[(hs-a)]
where the expectancy operator E is defined by

C
El= [Rf(hg)dhg
-
while
2 12\3
(c®—hg)°,if —c<hg <cC
f(hg) = 32c7 ° °
0,elsewhere

Owing to the fact that the self-field created
by the magnetization is ignored, Equation (4) is
identically satisfied. Following Agrawal [9] magnitude
of applied magnetic field H should be a function of x.
It is assumed that the applied magnetic field has
components of the form,

Hx = H(x) cos[0(X, ¥)], Hy = H(X) sin[6(X, ¥)]
and H, =0
H? should satisfy the condition that it becomes zero at
the interface of the bearing and the atmosphere that is

H(x) = 0 at x = 0 and L. Hence, VxH =0 in the
present case becomes
My My,

OX oy
Thus, one gets the equation for the inclination of the
magnetic field 6(x, y) as

cot@ﬁ @ —lﬁ

ox oy H ox
With the suitable choice of H(x) the solution of this
partial differential equation gives the inclination 6.

Following Prajapati here it is
considered that

H? = x (L - ),

where L is the length of the bearing along x — axis.
Hence,

cotp 2+ X

(1995),

(L-2x)
2x(L —x)
whose solution is C eliminant of
cosec?0 = CZ (Lx — x?)
and
C(2x — L) = {C?L? - 4 sin(Cy)}*?
When the dimensionless quantities are introduced as
follows

- X — h * phg
L h0 uUL
~ BohGL 5 _12A
e " Ung,
12(K H, + K, H, )
3_ 11 2 2/ _
- .3 =1y, +v,)
0
K, H K,H
__11 _ 22
Y1773 Y2773
0 0
* o * o * €
() =h— 0} :h_ € :—3,
0 0 hy
Equation (36) becomes
* [ —
Ol E a2 8A g
OX 2 g(h)
where

— 73 *27 72 * - *2 *
gh)=h +3c h+3h a +3ha +30 «

* 3
+o +e +12p
In non-dimensional form the thickness of the fluid
film is glven by
z—a-(a—1) x (38)
where a = hl / ho, ho and h; are values of h at x =0 and

x = L. Integrating Equation (37) with boundary
conditions,

p*=0at x=0 (39)

p*=0at x=1 (40)

one gets the pressure distribution in dimensionless
form as

—_ 6h-A
:_ 1— d
p X(1-x) + I( g(h)Jx

(41)
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where

1(6hdx
)

A=O\FR7J

dx
éng]

The load carrying capacity is obtained from

(42)

L
W =B [pdx
0
which in non-dimensional form becomes
. Whg 1, _
W = =[p dx
uBULZ 0

(A-6h)x 6h)x
==+ j dx (43)
12 oL a(h
where B is the Z — width of the bearing.
The position of the centre of pressure is
1| Y@-ehx” o] W
=——] dx |+ 2

= X
X=— —?
L 2w| o o) 12

(44)

The frictional force is

'—auj
F=uB[| — d
" Cf)(ay y=h "

which in dimensionless form turns to

_ haF 1 p
F__0" _jhaf>
uBLU (| 2 ox 2
(45)
Lastly, the dimensionless coefficient of
friction is calculated froT
- F
W

where F and W are given by Equations (45) and
(43) respectively.

3. RESULTS AND DISCUSSION:
It is clearly seen that the non-dimensional pressure
distribution is obtained from Equation (41) while
Equation (43) determines dimensionless load carrying
capacity. Besides, the non-dimensional friction can be
obtained from equation (45) while equation (44)
determines the position of centre of pressure. It may
be easily observed that the use of magnetic fluid as a
lubricant in place of conventional non-magnetic
lubricant results in the increase of lubricant pressure

—
X(1-X
y % and the increase of load carrying

*

0

capacity byE. It is noticed that the coefficient of

friction f decreases while the shearing friction F
remains almost unaffected.

The extent of change in the performance
characteristics suggests that the bearing performance
tends to become superior in spite of the fact that the
bearing suffers owing to transverse surface roughness.
However, interestingly it may be noted that the extent
of change in bearing performance characteristic due to
the use of magnetic fluid lubricant is irrespective of
the fact that whether the bearing is single layered or
multi layered porous or even non-porous. Setting the
magnetization parameter to be zero for a bearing with
smooth surfaces this investigation reduces to the study
of Srinivasan [3].

The variation of non-dimensional load
carrying capacity with respect to the thickness ratio
presented in Figures (1 — 5) makes it clear that the
load carrying capacity increases sharply with the
increase in the thickness ratio. However, the effect of
standard deviation and skewness with respect
thickness ratio is almost negligible, while, the effect of
magnetic fluid lubricant is negligible up to 0.01.
Figures (6 — 9) dealing with the effect of magnetic
fluid lubricant indicate that the load carrying capacity
sharply increases with increasing values of
magnetization. However, the effect of standard
deviation and skewness on the distribution of load
carrying capacity with respect to magnetization is
almost negligible.

The effect of the porosity parameter depicted

1
——X(l X) +F dXin Figures (10 — 12) makes it clear that the porosity

induces sharp decrease in the load carrying capacity.
However, here also, the effect of standard deviation
and skewness on the load carrying capacity with
respect to porosity is almost negligible. The fact that
standard deviation reduces the load carrying capacity
substantially is manifest in Figures (13 — 14). Further,
it is seen from Figures (13 — 15) that the negatively
skewed roughness increases the load carrying capacity
while the load decreases due to positively skewed
roughness. Similarly the load carrying capacity
decreases due to positive variance, while, the load
carrying capacity increases considerably because of
variance (-ve).

Mostly, the friction decreases as can be seen from
Figures (16 — 30). There is minor increase in the
friction due to the transverse surface roughness but the
porosity induces some increase in the friction which is
unlike the findings of the discussion of Prajapati [25].
A close glance at the Tables (1 — 15) reveals that the
position of centre of pressure remains almost
unaffected by the magnetization, however, it
negligibly shifts towards the bearing’s outlet.
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The expression for B3 = 12(y1 + y2) conveys
that an additional porous layer gives an additional
degree of freedom for a proper bearing design. Some
of the figures tend to suggest that parameters y; and
w2 may be chosen in such a way that while B2 remains
at minimum for better performance of the bearing,
relatively better physical advantages for copious
supply of lubricant from the porous matrix into the
film space may be available during starvation period.

From Figures (3), (5), (7), (9), (10) and (12)
one can easily notice that the roughness parameters
namely, standard deviation and skewness fail to
produce a significant effect unlike the case of earlier
studies. (Prajapati [25], Deheri et. Al [26]). A key
point to be noted is that for an improved performance
of the bearing system the variance plays a seminal role
which is a study in contrast as the negatively skewed
roughness plays a central role in this improvement as
found in (Deheri et. Al [26])

4. CONCLUSION

This study makes it mandatory that the roughness
must be given due consideration while designing the
bearing system. This article not only offers an
additional degree of freedom from design point of
view but also establishes that the bearing can support a
load even when there is the absence of flow. This
investigation offers some measures to compensate the
adverse effect of roughness and porosity by the
positive effect of magnetic fluid lubricant especially
when variance (—ve) occurs. This evaluation is all the
more necessary from bearings life period point of
view. In addition, it is revealed that this type of
bearing system can support a load even in the absence
of flow, unlike the case of a conventional lubricant.
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Table : 1 Variation of centre of pressure with respect to p* and a

o*=0.05, a* = —0.05 , g% =—0.05 , p=1.25

a=1.25 a=15 a=175 a=2 a=225
px=0 1.213700 1.771900 61.995400 31.025800 18.849500
pk =0.001 1.211200 1.769700 61.936400 31.000000 18.835000
pk =0.01 1.188700 1.750400 61.410500 30.769500 18.704900
ux=0.1 1.002600 1.578800 56.607000 28.642700 17.499400
pux =1 391.070000 79.843300 31.869000 17.029000 10.727200
Table : 2 Variation of centre of pressure with respect to g and a
o*=0.05, a* =-0.05, e*=-0.05, p*=0.001
a=1.25 a=15 a=1.75 a=2 a=225
B=1 8.438300 1.298900 47.425300 24.554900 15.331900
B=1.25 1.211200 1.769700 61.936400 31.000000 18.835000
B=1.5 1.756200 2.461400 82.946300 40.179400 23.744300
B=175 2.513800 3.418100 1.117300 52.602700 30.300900
Bp=2 3.518100 468.422200 1.496100 68.821000 38.777000
Table : 3 Variation of centre of pressure with respect to o* and a
B=1.25, a* =—-0.05, ex =—0.05, p*x=0.001
a=1.25 a=15 a=1.75 a=2 a=225
o*=0 1.208100 1.765400 61.797400 30.935800 18.799200
o*=0.05 1.211200 1.769700 61.936400 31.000000 18.835000
o*x=0.1 1.220400 178.249000 62.353400 31.192300 18.942200
o*=0.15 1.235700 1.803800 63.048400 31.512800 19.121000
o*x=0.2 1.257200 1.833700 64.021100 31.961300 19.371000
Table : 4 Variation of centre of pressure with respect to a* and a
B=1.25,0%*=0.05, ex =-0.05, p*=0.001
a=125 a=15 a=175 a=2 a=225
ox =-0.1 1.138300 1.658500 58.018800 29.070700 17.698100
o =-0.05 1.211200 1.769700 61.936400 31.000000 18.835000
ok =0 1.283600 1.880400 65.840700 32.923500 19.968700
ok =0.05 1.356100 1.991100 69.743200 34.846200 21.102000
ox=0.1 1.428800 2.102000 73.655400 36.773300 22.237600
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Table : 5 Variation of centre of pressure with respect to e+ and a
B=1.25,0%=0.05, a*x=-0.05, p*=0.001

a=1.25 a=15 a=175 a=2 a=225
gx=—0.1 1.191900 174.519100 61.186900 30.669700 18.656800
gx =—0.05 1.211200 1.769700 61.936400 31.000000 18.835000
gk =0 1.230400 1.794200 62.685000 31.329500 19.012600
e*x =0.05 1.249600 1.818600 63.432600 31.658500 19.189800
ex=0.1 1.268800 1.843100 64.179300 31.986800 19.366500
Table : 6 Variation of centre of pressure with respect to u* and 8
o*=0.05, a* =—0.05, e*=-0.05,a=1.75
B=1 B=1.25 B=1.5 B=1.75 =2
px=0 47.459700 61.995400 83.052600 111.923400 1.499600
px = 0.001 47.425300 61.936400 82.946300 111.729800 1.496100
px = 0.01 47.117900 61.410500 82.001600 110.017000 1.465500
px=0.1 44.252100 56.607000 73.623200 95.403300 1.216700
px =1 27.595300 31.869000 36.556600 41.154700 45.314100
Table : 7 Variation of centre of pressure with respect to u* and c*
B=1.25, a*=-0.05, e*=-0.05,a=1.75
ox=0 o* =0.05 ox=0.1 o*=0.15 ox=0.2
px=0 61.856100 61.995400 62.413300 63.109500 64.084100
px = 0.001 61.797400 61.936400 62.353400 63.048400 64.021100
px =0.01 61.273800 61.410500 61.820300 62.503300 63.458900
ux=0.1 56.491000 56.607000 56.954500 57.532800 58.340400
ux =1 31.832700 31.869000 31.977200 32.156100 32.403200
Table : 8 Variation of centre of pressure with respect to p* and ov*
c%=0.05, 3 =1.25,e*¥=-0.05,a=1.75
o* =-0.1 o* =-0.05 ax=0 o* = 0.05 a*=0.1
px=0 58.070500 61.995400 65.907500 69.818200 73.739100
px = 0.001 58.018800 61.936400 65.840700 69.743200 73.655400
wk =0.01 57.557500 61.410500 65.246100 69.075800 72.910800
sk =0.1 53.321500 56.607000 59.845300 63.046800 66.221400
ux =1 30.815100 31.869000 32.855700 33.784300 34.662100
Table : 9 Variation of centre of pressure with respect to p* and g*
c*=0.05, a* =—0.05,=1.25,a=1.75
ex=—-0.1 e* =—0.05 ex=0 e* =0.05 ex=0.1
ux =0 61.244500 61.995400 62.745400 63.494500 64.242700
w =0.001 61.186900 61.936400 62.685000 64.179300 64.179300
p =0.01 60.673600 61.410500 62.146200 62.880800 63.614400
pk = 0.1 55.981200 56.607000 57.230600 57.852100 58.471500
ux =1 31.672600 31.869000 32.062800 32.254100 32.442900
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Table : 10 Variation of centre of pressure with respect to B and o*
gx=-0.05,a=1.75, p*=0.001, o*x =-0.05

ox=0 o* =0.05 ox=0.1 o*x=0.15 ox=0.2
B=1 47.283900 47.425300 47.849300 48.555600 49.543700
=125 61.797400 61.936400 62.353400 63.048400 64.021100
B=1.5 82.808300 82.946300 83.360500 84.050700 85.016900
B=1.75 1.115900 1.117300 1.121400 1.128300 1.138000
B=2 1.494700 1.496100 1.500300 1.507200 1.516800
Table :11 Variation of centre of pressure with respect to B and a*
gx=-0.05,a=1.75, u*=0.001, o* =0.05
ok =-0.1 o* =-0.05 ak=0 o* =0.05 a*=0.1
B=1 43.516500 47.425300 51.321400 55.216800 59.123000
=125 58.018800 61.936400 65.840700 69.743200 73.655400
B=1.5 78.993300 82.946300 86.883400 90.816100 94.755800
B=1.75 1.077300 111.729800 1.157100 1.196800 1.236600
B=2 1.455800 1.496100 1.536300 1.576400 161.650500
Table : 12 Variation of centre of pressure with respect to B and g*
o* = 0.05,a =175, p*=0.001, a* =-0.05
ex=-0.1 e* =-0.05 ex=0 e* =0.05 ex=0.1
B=1 46.646600 47.425300 48.201600 48.975800 49.748000
B=1.25 61.186900 61.936400 62.685000 63.432600 64.179300
B=1.5 82.214900 82.946300 83.677300 84.407900 85.138200
B=1.75 1.1101e 1.117300 1.124500 1.131700 1.138900
B=2 1.489000 1.496100 1.503300 1.510400 1.517600
Table : 13 Variation of centre of pressure with respect to o* ando*
pu* =0.0001, ex=-0.05p =1.25,a=1.75
o* =-0.1 o* =—-0.05 ax=0 o* =0.05 a*=0.1
o*=0 57.885500 61.797400 65.696000 69.592800 73.499000
o* =0.05 58.018800 61.936400 65.840700 69.743200 73.655400
o*=0.1 58.418900 62.353400 66.274800 70.194300 74.123500
o*=0.15 59.085500 63.048400 66.998000 70.946000 74.903600
o*=0.2 60.018600 64.021100 68.010400 71.998000 75.995400
Table : 14 Variation of centre of pressure with respect to o* and g*
pu* =0.0001, o =—0.05, =1.25,a=1.75
ex=—-0.1 e* =-0.05 ex=0 e* =0.05 ex=0.1
c*=0 61.047800 61.797400 62.546000 63.293700 64.040500
o* =0.05 61.186900 61.936400 62.685000 63.432600 64.179300
o*=0.1 61.604100 62.353400 63.101800 63.849200 64.595800
o*=0.15 62.299400 63.048400 63.796400 64.543500 65.289800
o*=0.2 63.272500 64.021100 64.768700 65.515400 66.261300
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Table : 15 Variation of centre of pressure with respect to a* and g*

p* = 0.0001, o* = 0.05, a=1.75, B =1.25

ex=-0.1 ex =—0.05 ex=0 ex=0.05 ex=0.1
o+ =-0.1 57.270400 58.018800 58.766300 59.512700 60.258300
ox =-0.05 61.186900 61.936400 62.685000 63.432600 64.179300
ax=0 65.090200 65.840700 66.590300 67.338900 68.086700
o* =0.05 68.991800 69.743200 70.493700 71.243300 71.992000
ax=0.1 72.903200 73.655400 74.406600 75.157100 75.906600
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