
 

 

  
 
Abstract—The aim of the paper work is to investigate and predict 

the static performance of journal bearing in turbulent flow condition 
considering micropolar lubrication. The Reynolds equation has been 
modified considering turbulent micropolar lubrication and is solved 
for steady state operations. The Constantinescu’s turbulence model is 
adopted using the coefficients. The analysis has been done for a 
parallel and inertia less flow. Load capacity and friction factor have 
been evaluated for various operating parameters.  
 

Keywords—hydrodynamic bearing, micropolar lubrication, 
coupling number, characteristic length, perturbation analysis 

I. INTRODUCTION 
URBULENT flow conditions often prevail in high-speed 
bearings. Therefore, evaluation of performances of 

bearings operating in turbulent flow regime has always been 
concern of engineers and researchers [1-5]. Turbulent flow is 
characterized by increased viscosity and shear stress. To 
calculate bearing performance several researchers viz. 
Constantinescu [1], Ng and Pan [2], Elrod and Ng [3] 
presented various models and developed Reynolds equation 
for turbulent lubrication of bearings. Constantinescu [1] 
employed Prandtl mixing length hypothesis, Ng and Pan [2] 
and Elrod and Ng [3] used the concept of Reichardt’s eddy 
diffusivity. Taylor and Dowson [4] suggested the application 
of the then existing lubrication theories given by Ng, Pan and 
Elrod. Ghosh and Nagraj [5] have studied the rotordynamic 
characteristics for hybrid bearing. The references are restricted 
in numbers for turbulent analysis due to space limitation. 

The adoption of non Newtonian fluids has been increased in 
lubrication during the last two decades. The microfluid was 
considered to contain microstructures which can translate, 
rotate and deform independently. The micropolar fluid 
considers the microrotational effects ignoring the 
microdeformation effects. The theory included the translation 
velocities and angular or spin velocities of the 
microstructures. Many researchers [6 - 10] have studied the 
problem of laminar lubrication condition using micropolar 
fluid. The aspect of turbulent lubrication considering 
micropolar fluid is still having a great scope to work about. 
The authors focus this aspect and try to analyze the 
performances.  
 

II. DERIVATION OF GOVERNING EQUATIONS 
The circular bearing geometry is shown in Fig.1. The 

variation of the film thickness along the circumference of a 
journal bearing is 
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where, θ  is the angular coordinate starting from the line of 
centers .  

When the film oil is a non Newtonian fluid, the Reynolds 
equation can still be successfully used by means of some 
modifications for turbulent micropolar lubrication. One 
possible way of taking into account the influence of the non 
Newtonian behavior is the introduction of the micropolar 
function in the Reynolds equation by Faralli and Belfiore [11].  

 
The dimensional Reynolds equation is as follows: 
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The Reynolds equation has been non dimensionalised as 
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For short bearing assumption the above equation modifies to 
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γ  is whirl ratio. The turbulent shear coefficient determined 
following Taylor and Dowson [4] as given below: 
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       88.0Re0088.012 hK +=ζ            (7) 
 
Where, ReRe hh = , μωρCR=Re  is Reynolds number 

and 5000 Re10000 ≥≥  for turbulent flows. 
 The steady-state and dynamic performance can be evaluated 
by using a small amplitude perturbation technique. Under 
dynamic conditions the equilibrium position of the journal 
centre defined by parameters ε0 and 0φ  is perturbed by a 
small motion.  

Relatively, the instantaneous position of the bearing center 
is defined by 

 

10 εεε += , 01 εε <<   

10 φφφ += , 01 φφ <<                    (8) 
 

where the variables 1ε  and 1φ  are assumed to be small 

compared to 0ε  and 0φ  .Using above equations, the 
perturbed dimensionless film thickness, turbulent coefficient 
and pressure are as given below following Ghosh & Nagraj 
[5] and Meena et. al. [12]. 
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Introducing equations (9) into the Reynolds equation (6) 
and retaining terms of  zero and first order only a system of 
five differential equations are obtained using short bearing 
approximation as given below. 
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Atmospheric pressure is assumed at the two bearing ends. 

For circular journal bearings, equations (10) to (14) must 
satisfy the boundary conditions at two bearing ends, a periodic 
condition and cavitation must be used. 
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The static and dynamic pressures are calculated by integrating 
equations (10) to (14) satisfying above boundary conditions at 
the bearing ends and for γ=1. 
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III. STATIC CHARACTERISTICS 
The radial and tangential components of the resulting load 

are computed as: 
Dimensionless radial component of load is: 
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Dimensionless tangential component of load is:  
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The resultant radial load on the bearing is (dimensionless) 
written as: 

  22
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The dimensionless friction force is given as follows for short 
bearing Das et. al. [7]: 
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and friction factor cτ for dominant Couette flow has been 
obtained by Taylor and Dowson [4] which has been later used 
by many researchers as given below:  
 
             ( ) 96.0Re00099.01 hc +=τ         (25)    

            
Consequently, the friction variable is obtained as follows: 
 

   ( )
W
FCRf =           (26) 

 
III. RESULTS AND DISCUSSIONS 

The pressure distribution is taken symmetrical about the 
mid plane. The grid size taken in the circumferential and axial 
direction as 44 and 12 respectively. The convergence criteria 
for pressure has been taken as 0.001. The steady state pressure 
distribution can be calculated using equation (16). The exact 
comparison for turbulent flow is not available in the literature, 
however the trends of the results are similar to laminar flow 
but the values are quite increased. 

 
Fig. 1 Circular Bearing geometry 
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Fig. 2 Pressure variation, 0p along circumferential direction for 

various lm, ε=0.5, Re=5000, N2=0.5 
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Fig. 3 Pressure variation, 0p along circumferential direction for 

various N2, ε =0.5, Re =5000, lm =10.0 
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Fig. 4 Pressure variation, 0p along circumferential direction for 

various ε, lm =10.0, Re =5000, N2=0.5 
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Fig. 5 Dimensionless load Vs. Characteristic length for various N2 

values, L/D=0.1, ε=0.5, Re=5000 
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Fig. 6 Attitude angle Vs. Characteristic length for various N2 values, 

L/D=0.1, ε=0.5, Re=5000 
 
The steady state pressures for various parameters are 

depicted in Figs. 2 - 4. Fig. 2 shows pressure variation along 
circumferential direction for different characteristic lengths. It 
is seen that pressure is very much significant for lm equals 10. 
Figure 3 shows the peak value of pressure for coupling 
number equals 0.9 which is in the similar trend for laminar 
flow condition [6-9]. The effect of higher eccentricity is also 
depicted in Fig. 4. It shows that pressure increases as the 
eccentricity ratio increases.  

The effect of load capacity and attitude angle are as shown 
in the Figs. 5 - 11. These figures are in the same trend to that 
of laminar flow finite bearing solutions. 
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Fig. 7 Dimensionless load Vs. Characteristic length for various ε 

values, L/D=0.1, N2=0.5, Re=5000 
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Fig. 8 Attitude angle Vs. Characteristic length for various ε values, 

L/D=0.1, N2=0.5, Re=5000 
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Fig. 9 Dimensionless load Vs. Eccentricity ratios for various N2 

values, L/D=0.1, lm =10.0, Re=5000 
 

Figure 5 shows the load carrying capacity varies as a 
function of lm for a number of N2, keeping the eccentricity 
ratio constant.  It shows load capacity is larger for lower lm 
and load approaches to Newtonian fluid as N2 equals closer to 
zero. The attitude angle is lower for lower lm as well as for 
higher N2 as can be seen in Fig. 6. The load carrying capacity 
decreases with increase in lm but shows higher value at higher 
eccentricity ratio. Whereas the attitude angle almost remains 
constant throughout the lm but shows lower value at higher 
eccentricity ratio.  Both the above mentioned trends can be 
visualized in the Figs. 7 & 8. Fig. 9 shows the plots of load 
capacity versus eccentricity ratio for different coupling 
number. The plot reveals that load capacity increases with 
increase in eccentricity as well as coupling number for a 
constant characteristics length equals 10.  
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But the attitude angle drops down with increase in 
eccentricity ratio for all the values of N2 as can be seen in Fig. 
10.  

The friction force and friction variable versus lm for 
different N2 are plotted in Figs. 11 & 12. These curves also are 
in the same trend to that of laminar flow as depicted in 
Khonsari and Brewe [6] but the values are quite larger when 
compared to laminar flow. Figures 13 & 14 show the plots of 
friction force and friction variable versus lm for various 
eccentricity ratios. The friction force has the decreasing trend 
whereas the friction variable has the increasing trend but 
similar to that of again laminar flow. Friction force increases 
with increase in N2 for increasing eccentricity ratios which are 
depicted in Fig. 15. Variation of the coefficient of friction as a 
function of eccentricity is shown in Fig.16 for a number of N2 

for lm equals 10. This figure indicates that under the conditions 
simulated, micropolar fluids exhibit a beneficial effect in that 
the coefficient of friction is lower than the Newtonian fluids 
which can be judged by substituting N2 equals 0.0. 
Furthermore, lower friction coefficients result with increase in 
coupling number.  

It should be noted that friction coefficient of lubricant 
micropolarity tends to be lower than that of the Newtonian 
fluids, the friction force tends to be higher. The reason for this 
is of course due to the load capacity of the micropolar fluids 
increasing more which compensates for the frictional force. 
This discussion and explanation is already mentioned by 
Khonsari and Brewe [6]. 

 
 

0

10

20

30

40

50

60

70

80

90

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Eccentricity ratio, ε

A
tti

tu
de

 a
ng

le
, φ

N2=0.1
N2=0.3
N2=0.5
N2=0.7

 
Fig. 10 Attitude angle Vs. Eccentricity ratios for various N2 values, 

L/D=0.1, lm =10.0, Re=5000 
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Fig. 11 Friction force Vs. Characteristic length for various N2 values, 

L/D=0.1, ε =0.5, Re=5000 
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Fig. 12 Friction variable Vs. Characteristic length for various N2 

values, L/D=0.1, ε =0.5, Re=5000 
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Fig. 13 Friction force Vs. Characteristic length for various ε values, 

L/D=0.1, N2=0.5, Re=5000 
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Fig. 14 Friction variable Vs. Characteristic length for various ε 

values, L/D=0.1, N2=0.5, Re=5000 
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Fig. 15 Friction force Vs. Eccentricity ratio for various N2 values, 

L/D=0.1, Lm=10.0, Re=5000 
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Fig. 16 Friction variable Vs. Eccentricity ratio for various N2 values, 

L/D=0.1, Lm=10.0, Re=5000 
 

IV. CONCLUSIONS 
An approximate study of the lubricating effectiveness of 

micropolar fluids in a short journal bearing considering the 
turbulent flow has been presented. The results indicate that for 
a steadily loaded short journal bearing, the micropolar fluids 
do exhibit a high load carrying capacity and the friction 
coefficient is less than that of Newtonian fluid. Hence, 
micropolar fluid can also be used for turbulent flow condition. 

 
V. NOMENCLATURE 

C     Journal bearing radial clearance, m 
e     Eccentricity ‘m’, Ce /=ε (d’less) 

( )CRf /  Friction variable (d’ less) 

F   Friction force (N), LRFCF 2/ Ω= μ  (d’ less) 

h   Film thickness ‘m’, Chh /=  (d’less) 

cavh   Film thickness at the point of cavitation, 

Chh cavcav /= (d’less) 

ζK      Turbulent couette shear factor 

ml   Non-dimensional characteristic length of the  

            micropolar fluid, Clm /Λ= (d’less) 

L   Bearing length, m 
N   Coupling number, ( )[ ] 212 χμχ +=N  

0p   Static fluid pressure (Pa), 22
00 / RCpp Ω= μ  

4321 ,,, pppp  Dynamic pressures (d’less) 

R   Radius of journal bearing, m 
Re   Reynolds number ( )μρ ΩCR , ReRe hh =  

t    Time (sec), tΩ=τ  (d’ less) 
U   Linear velocity of journal centers, m/s ( ωRU = ) 
W   Applied load on bearing (N), LRWCW 2/ Ω= μ   

rW   Radial component of load (d’less) 

tW   Tangential component of load (d’less) 

W    Total d’less applied load,   22
tr WWW +=  

zx,  Circumferential and axial coordinate axes  

θ ,ζ  Dimensionless coordinate axis 

cavθ   Angular coordinate where the film cavitates 
μ   Dynamic viscosity, Pa-s 

ω   Angular velocity of the journal, r/s 
φ   Attitude angle 
ν   Vibration frequency of the journal center (rad/s) 
γ   Whirl frequency ratio, ωυγ =  (d’less) 
Λ   Characteristic length of the micropolar fluid,      

( ) 214μγ=  
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