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Abstract:-

In this paper, a suitable mathematical model was proposed to investigate the effect of adding
nanoparticles to the base oil lubricating the cylindrical journal bearing on the dynamic
characteristics of the bearing system. Suitable time dependent Reynold's equation has been
perturbed in order to evaluate the static and dynamic characteristcs of the journal bearing.
Modified Krieger and Dougherty viscosity model has been used to investigate the oil
viscosity variation with the particle concentration of the Nano-particles. Asuitable computer
program has been written in MATLAB to solve the govering equations. Titanium dioxied
Nano-particles have been added to the base oil with different particle concentrations
(0.1%,0.5%,1%, 1.5% and 2%) in order to enhance its viscosity. The computer programs has
been validated by comparing some of the results calculated in this work with other published
researches and it was found that the discrepancy is less than 2%.The investigations reveal that
the change in oil viscosity due to the addition of the nanoparticles to the base oil has a
pronounced effect on the linear dynamic coefficients. An increase in linear stiffness
coefficient up to 20% has been obtained when the bearing lubricated with nanolubricant that
has 0.5% particle concentration of the nanoparticles while the linear damping coefficients
increase up to 31% for the bearing works at the same conditions.

Keywords: Reynolds equation, Journal Bearing, Nano Lubricant, dynamic coffecient ,
perturbation technique.

Introduction:- A cylindrical journal bearing is a

o _ conventional type of hydrodynamic
used to support radial loads. The specific type of vibration of large
externally applied load on the lateral amplitude because of the
bearing can be supported by the existing of self instability.[6]
hydrodyn-amical reaction lift force. presented a numerical method for
Asst.prof.Basim A. Abass Association of Arab Universities Journal of Engineering Sciences

Muhammed Abd-Alrasool. Muneer NO.2 Volume.25 Year.2018


mailto:en_muh@yahoo.com

202

calculating the stiffness and damping
coefficients. A first order of small
amplitude perturbation was used to
determine the dynamic coefficients,
the resulting equations were solved
by using FDM and succecive over-
relaxation method. [7] investigated
the relationship between eight linear
oil-film force coefficients of circular
journal bearings and the perturbation
amplitudes. The force coefficients
were calculated by the finite
perturbation method and compared
with those calculated by the
infinitesimal perturbation method.
Numerical experiments show that
the calculated results from both
finite perturbation and infinitesimal
perturbation methods are very close
when the perturbation amplitudes are
less than for normal bearing
eccentricities.  [8]  theoretically
analyzed the dynamic characteristics
of a journal bearing with two axial
grooves one at the top and the other
at the bottom. The perturbation
technique was used to evaluate the
dynamic coefficients and stability. It
has been shown that the stability of
bearing improves for smaller groove
angle and length.[3] proposed a
method includes transforming of the
perturbed Reynolds equations into
finite element equations to calculate
the dynamic coefficients (stiffness
and the damping coefficients) of the
coupled journal and thrust bearings.
Verific-ation of the obtained results
has been carried out by comparing
the dynamic coefficient obtained by
the proposed method with that

obtained by numerical
differentiation of the bearing force
with respect to finite displacements
and finite velocities of Dbearing
center. The verification shows that
the proposed method can be used to
calculate the dynamic coefficients
effectively. [8] investigated the static
and dynamic characteristics of axial
grooved journal bearing at different
locations theoret-ically. A first-order
perturbation method for each
location of the groove has been used
to calculate the dynamic coefficients
and the stability. The stiffness and
damping coefficient magnitude is
found to be higher for the bearing
with smaller groove angle and
groove length.[4] presented static
and dynamic analysis to the
performance characteristics of a
journal bearing lubricated with nano
lubricant. The dynamic
characteristics are studied through
threshold speed and damped
frequency. Copper oxide CuO
cerium oxide CeO;, and aluminium
oxide Al,O3; nanoparticles were used

The static and dynamic
performance  characteristics  of
journal bearing are computed for
various values of eccentricity ratios
for isoviscous and thermoviscous
lubricants. The results show that the
addition of nanoparticles to the base
oil has no significant effect on the
performance of the bearing in the
isoviscous case while it became
significant in thermoviscous case.
[5] studied the effect of ultra-fine
additives on hydrodynamic
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lubrication in  journal bearings
theoretically and experimentally.
Lubricants samples containing the
fullerene black, fullerenes,
molybdenum disulfide and
fluoropolymerin ~ with particle
concentration not higher than 0.05%
of the mass in base low viscosity
mineral oil were tested. The
experiment was made during the
run-down of the rotor, and the
friction coefficient in the journal
bearing and the vibrations of its
housing were measured. The results
obtained show that ultra-fine
additives significantly decreased the
load carrying capacity and the
friction coefficient in the journal
bearing, as well as the vibration of
the bearing housing.It can be clearly
shown from the above presentation
that there is a rare work related to
the effect of using nanolubricant on
the dynamic characteristics of
journal bearings which is the main
goal of the present work.

Theoretical Analysis

The approach proposed by [10] is
adopted to evaluate the dynamic
coefficients which give a complete
description to  the  dynamic
characteristics of the journal bearing.
This method depends on the
perturbation of the journal center
about its equilibrium position and
using the partial derivative method
to calculate the linear dynamic
coefficients. Figure (1), shows the
geometry and the coordinates system

of the journal bearing. The following
time dependent Reynolds equation is
utilized in this paper, [2].

9/ .0
(1 52)

Where

P=oil density (kg/m?)

U= base oil viscosity(Pa.s)
The oil film thickness of an
aligned journal bearing can be
expressed as

h=c+ecosf (2)

In order to generalize equation (1), it
can be normalized by using the
following non-dimensional

variables:
6 == 7== T=wt
R L/2
— h _ C2
h = ¢ P= 6UywR? p
Hence equation (1) can be rewritten
as:
0 (7:0P N (D)Z 0 (720P
a0 L) 0z 0z
_ (R an
= (5+25,) )
where

o= Z—” = non-dimensional viscosity

U, = Nano-lubricant viscosity (Pa.s)
U, = base oil viscosity (Pa.s)
D= journal diameter (m)
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L=journal length(m)
The oil film thickness in nondimen-
sional form can be written as,

h=1+4e¢ecosf 4)

Where
e:§= eccentricity ratio

0= angular position(deg.)

The Nano-lubricant viscosity can be
evaluated in this case by using the
following modified Kriger and
Dougherty viscosity model [1].

i

(1--2 (@)1-2>‘1'51 (5)
B 0.605\ a
where

% = the aggregate ratio which is

equal to 7.77 for TiOs,.
¢ =Particle concentration

Perturbation Technique:

The time dependent Reynolds
equation (1) has been perturbed by
assuming the eccentricity ratio and
attitude angle at the equilibrium
position, i.e. gy, and o are satisfied
.The eccentricity ratio can be
perturbed as[10].

€ =€y + Ege® (6)

While the attitude angle can be
perturbed as:

P = Po + Poe (7)
Where(0) refers to the equilibrium
position. Substituting equation (6)

and (7) in (4) to obtain the perturbed
oil film thickness as:

R = h, + hyeidt
@)

= h, + (E,co
+ €,1,5in0)e'?*

The perturbed hydrodynamic
pressure can be expressed as, [10].
5 P == P+ Q10e™™ + Qo€

P + ... (9) (9)
where

P= Perturbed hydrodynamic
pressure

P,=steady state pressure

Qi (i =10, 20, - * )= complex
variables which represent the
amplitudes of the first, second, etc.,
terms of dynamic oil film pressure.
(In the present work, the first two
dynamic pressure components are
taken into consideration).
Substituting equations (8) and (9)
into equation (3) and collecting the
zero, one and two pressure terms
respect-ively while neglecting the
higher order terms to get the
following set of second order non-
linear partial differential equations
[10].
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9 (s ap, A finite difference method with
96 96 successive over relaxation scheme
10 i laxati h
D\ @ 3 dP)\  _0h ( has been used to solve t such an
+(f) az\ " 9z) a6 ) equation. The components of the
hydrodynamic forces can be
d (_ 30P, calculated by integrating the static
BT ho 30 hydrodynamic pressure over the
. <B>Zi . 36_131 bearing surface as follows:
L) az\'° oz Fxo
9 aP, (11 1 2m
" = P,cos8 df dz
66<3h0 cos@ae) ) -[o-[o 0
D\? @ P,
_ 13
( ) az<3 0 Coseaz) Fpo 13)
= jg(—sin 6 + 2iQ cos H) 1 r2m_
= J J Pysinf do dz
0 YO0

(%)
+(3) (7 52)

6 dP, (12)
9<3h0 sin 6 69)

( ) - 96?0
37| 3ho % sin -

1(cos @ + 2iQdsin O)

where P,, P; and P, are the static,
type 1 and 2 dynamic pressures
respecti-vely. The static
characteristics of the journal bearing
lubricated with Nano-lubricant can
be evaluated by solving equation
(10), using the following Reynolds
boundary conditions

6.= angle at which cavitation
starts

The static load carried by the
bearing can be calculated as:

/i@% + F, (14)

While the Somerfeld number can be
calculated as

1
SN=—_ 15
% (15)

The attitude angle is calculated as:

Y
(16)

>:1'1||‘< [
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Dynamic Coefficients

The determination of the dynamic
characteristics of the journal bearing
requires the solution of equations
(11) and (12). For this purpose the
equilibrium position of the journal
center must be calculated first. The
essential condition to specify the
equilibrium position of the journal
center is when the horizontal
component of the hydrodynamic
force, F,, equal to zero while the

vertical component F,, equal the
applied (external) load. The same
technique adopted to solve equation
(10) was used to solve equations
(11) and (12). The dynamic bearing
forces components can be calculated
by integrating the dynamic pressures
P, and P,, over the bearing area as
follows:

1 21
F.q= f f P, cos0dO dz
0o Y0
(17)
Fyy = [, [7"Pysing do dz

1 21
F,, :j j P,cos8dfdz
0 Y0
(18)
o=, [T P,sin6 do dz

Fy

The dynamic stiffness and damping
coefficients can be defined as the
derivatives of the forces with respect
to the displacements and velocities
as follows:

L R T .
XX T 9x xy—ay yX T ax
JF,
=Y
Kyy = 52 (19)
Do O p Ok O
XX T XY ey TYX T gk
OF.
-2
Dyy_ay (20)

Hence, the linear dynamic
coefficients can be expressed as:

szx = _Re(ixl) Izyx = _Re(Eyl)
xy = —Re(Fy2) K,y = —Re(F);)
ljxx = _Im(ixl) ljyx = _Im(iyl)
xy — —Im(Fy;) Dyy = _Im(FyZ)
(21)

Results and Discussion

The results obtained in the present
work are for the bearing with
following geometric and operating
conditions

Journal length(L)=40mm

Journal diameter(D)=40mm

Radial clearance(c)=0.15mm

Oil viscosity= 0.018Pa.s

Journal rotational speed=6000rpm
Groove angle (§)=20°

To verify the mathematical model
used in this study, a comparison of
the calculated results in the present
work for the attitude angle and
Sommerfeld number at the
equilibrium  position with  that
obtained by [6] is presented in figure
(2). Both the Sommerfeld and the
attitude angle have been drawn
against the eccentr-icity ratio. This
figure clearly depicts the good
agreement between the results.
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Another validation has been carried
out and presented in figure (3-a and
b). This figure shows the direct and
cross coupled linear stiffness and
damping coefficients against the
Sommerfeld number. These figures
show a comparison for these coeffi-
cients calculated in the present work
with that obtained by [6]. The
descripency between the results has
been calculated and found to be less
than 2%.The validation leads to the
main conclusion that the computer
programs prepared to study the
problem of the present work can be
used with  acceptable confi-
dence.Some of the most important
bearing static characteristics have
been presented in figure (4). Figure
(4-a) shows the results of
Sommerfeld number against the full
range of eccentricity ratio of the
bearing. It is clear that the
Sommerfeld number decreases when
the bearing works at higher
eccentricity ratios. This is can be
attributed to the high hydrodynamic
pressure generated in this case. This
figure also shows that the effect of
adding nanoparticles to the base oil
IS to decrease the Sommerfeld
number which refer to the increase
in load carrying capacity of the
bearing in this case.The percentage
decrease in Sommerfeld number was
calculated and found to be 8% when
the Dbearing lubricated with nano-
lubricant that contains 0.5% TiO;
nanoparticles while it becomes 27%
when the bearing lubricated with
nano-lubricant that has 1% particle

conce-ntration  of the same
nanoparticles. These percentages
were calculated for a bearing
working at an eccentricity ratio of
0.5. This can be explained by
knowing that the oil viscosity of the
base oil increases with the addition
of nanoparticles.The higher the
percentage of the nano-particles
added to the base oil, the higher the
decrease in  the  Sommerfeld
number.This figure also shows that
a little effect of the nanoparticles
was noticed when it is added with
small percentage since the oil seems
to behave like pure oil. Figure (4-b)
shows that the load carrying capacity
of the bearing increases when the
bearing lubricated with nano-
lubricant. The higher the percentage
of the nanoparticles in the oil, the
higher is the bearing load carrying
capacity. The increasing percentage
in load carrying capacity was
calculated for a bearing working at
eccentricity ratio of 0.5 lubricated
with nano-lubricant contains 0.5%
and 1% particle concentrations. It
was found to be 34% and 50%
respectively. The bearing load
carrying capacity becomes higher
when the bearing works at higher
eccentricity ratios.The effect of
lubricating the bearing with oil
containing nanopa-rticles of different
particle concent-rations on stiffness
coefficients can be shown in figures
(5-a,b and c). The direct stiffness
coefficient (K«) and (Kyy) obtained
in the present study has been
presented against the full range of
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the bearing eccentricity ratios. It is
clear that the stiffness coefficients
(K« and Kyy) increase when the
bearing works at higher eccentricity
ratios. This can be depicted by the
high hydrodynamic load carried by
the bearing in this case. Also this
figure shows that higher increase in
(Kxx and Kyy) can be obtained when
the bearing lubricated with oil
containing nanoparticles. The higher
the particle concentration in the base
oil, the higher is the stiffness
coefficient mentioned above. This
can be explained by the change of
the physical properties of the nano-
lubricant especially its viscosity
which became higher than the
viscosity of the base oil, hence,
causes higher load carrying capacity
and higher oil film stiffness. The
percentage increase in (Kx« and Kyy)
has been calculated and found to be
15.3% and 3.4% for a bearing
working at eccentricity ratio of 0.5
lubricated with nano-lubricant that
has nanoparticle concentrations of
0.5% in comparison with that
lubricated with oure oil.The cross
coupled stiffness (Kyx) shows a
negative values when the bearing
works at an eccentricity ratios less
than 0.7 while it became positive
when the bearing works at an
eccentricities higher than 0.7 as can
be shown from figure (5-b). This
figure depicts that the negative
values of the (Kyx) slightly increases
for the bearing works at eccentricity
ratios less than 0.6 after that it
decreases  until  the  bearing

eccentricity ratio 0.7 when its values
became increasing positive. Figures
(6-a) to (6-c) show the behaviour of
the direct and cross coupled
damping coefficients against the full
range of the eccentricity ratios. It can
be seen from this figure that the
damping ratios (Dyx, Dxy = Dyx &
Dyy) always increase when the
bearing works at higher eccentricity
ratios. This can be attributed to the
high load carried by the bearing in
this case.

Conclusions:-

1. The load carrying capacity of
the bearing increases while the
Somerfeld decreases by the
addition of TiO, nanoparticles to
the base oil.An increase of 34% in
load carrying capacity while a
decrease of 8% in Somerfeld
number has been obtained for the
bearing lubricated with
nanolubricant that contains 0.5%of
such nano-particles.

2. Bearing Dynamic stiffness

coef-ficients Ky,Kyy, are increased
by 15.3% and 3.4% while Ky
increases by 20% when the bearing
lubricated with oil containing 0.5%
TiO, nano-particles and works at an
eccentricity ratio of 0.5.
3. Bearing Dynamic damping
coef-ficients Dyx and Dy, are
increased by 31.5% and 17.6 %
while Dyx increases by 16.2% when
the bearing lubricated with oil
containing 0.5% TiO, nano-particles
and works at an eccentricity ratio of
0.5.
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