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Abstract—The objective of the present paper is to theoretically 
investigate the steady-state performance characteristics of 
herringbone grooved journal bearing of finite width, lubricated with 
couple stress fluids. In this analysis, Stokes’ micro-continum theory 
and the continuity equation are used. The numerical solution of the 
modified Reynolds equation has yielded the distribution of film 
pressure which determines the steady-state performance 
characteristics in terms of load capacity, end flow rate and frictional 
parameter at various values of eccentricity ratio, coupled stress 
parameter, helix angle and number of grooves. 
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1. INTRODUCTION 

The problem of noise is often faced by rolling contact bearings 
operating at high speeds. The herringbone grooved journal 
bearings have less noise and high stability characteristics 
operating at high speeds. Performance is enhanced if couple 
stress fluids are used as lubricant. Vohr and Chow [1] 
analyzed herringbone grooved gas lubricated journal bearing 
with narrow groove theory (NGT), which gives fairly accurate 
results for large number of groove-ridge pairs at lower 
eccentricity ratios. Hamrock and Fleming [2] determined the 
optimal parameters for the herringbone-grooved journal 
bearing for maximum radial load capacity. Cunningham et al. 
[3] experimentally carried out load capacity and power loss of 
herringbone grooved gas lubricated journal bearings. Bootsma 
[4] analyzed a herringbone grooved journal bearing using the 
narrow groove theory. Bootsma and Tielemans [5] carried out 
experimental investigations on conditions of leakage free 
operation in herringbone grooved journal bearings. Murata et 
al. [6] presented a two-dimensional analysis for the flow of the 
lubricating film around the HGJB. Kawabata et al. [7] 
analyzed the regular and reversible type HGJBs based on 
NGT. Kinouchi and Tanaka [8] investigated static and 
dynamic analysis of HGJBs and compared the bearing 
characteristics with increasing eccentricity ratio. Kang et al. 
[9] presented a numerical analysis of static and dynamic 

characteristics and evaluated the mass parameter (a measure of 
stability) of oil-lubricated herringbone grooved journal 
bearings with 8 circular-profile grooves on the sleeve. 
Zirkelback and San Andres [10] performed a parametric study 
of a herringbone grooved journal bearing. Jang and Chang 
[11] analyzed the HGJBs considering cavitation effects. Faria 
MTC [12] analyzed performance characteristics of high speed 
gas lubricated herringbone groove journal bearings. Lee TS et 
al. [13] analyzed liquid-lubricated herringbone grooved 
journal bearings. Gad et al. [14] introduced the beveled-step 
groove profile. Liu J and Mochimaru Y [15] analyzed oil-
lubricated herringbone grooved journal bearing with 
trapezoidal cross-section, using a spectral finite difference 
method. Schiffmann J and Favrat D [16] analyzed the effect of 
real gas on the properties of herringbone grooved journal 
bearings. 

The conventional lubrication theory neglects the size effects of 
the fluid particles. The Stokes micro-continuum theory [17] is 
the simplest allowing the polar effects such as the presence of 
couple stresses [18]. A number of studies have been carried 
out using the Stokes microcontinum theory to investigate the 
effects of the couple stress parameter, ‘l’, on the performance 
of different types of fluid film bearings. Sinha P and Singh C 
[19] investigated couple stresses in the lubrication of rolling 
contact bearings considering cavitation. The performance 
characteristics of hydrodynamic journal bearings using 
lubricants with couple stress have been studied by many 
researchers. Sinha P, Singh C and Prasad KR [20] investigated 
couple stresses in journal bearing lubricants and the effects of 
cavitations. Lin JR [21] investigated effects of couple stresses 
on the lubrication of finite journal bearing. The effects of 
couple stresses are observed to reduce the friction parameter 
and result in longer bearing life. Lin JR [22] observed static 
characteristics of rotor bearing system lubricated with couple 
stress fluids. Lin JP [23] analyzed effects of couple stress on 
the lubrication of finite journal bearing. Mokhiamer et al. [24] 
investigated the effects of the couple stress parameter on the 
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static characteristics of finite journal bearings with flexible 
bearing linear material. Elsharkawy et al. [25] presented an 
inverse solution for a finite journal bearing lubricated by a 
couple stress fluids. Nadivinamani NB et al. [26] analyzed 
hydrodynamic lubrication of rough slider bearing with couple 
stress fluids. Chiang HL et al. [27] studied Lubrication 
performance of finite journal bearings considering effects of 
couple stresses and surface roughness.  

So far there is no investigation available that addresses the 
steady state performance characteristics couple stress fluid 
lubricated herringbone grooved journal bearing.  

Nomenclature 
ρ Density of the fluid 
 Gradient operator  ׏
h Oil film thickness 
b Body force per unit mass 
c Body couple per unit mass 
C Clearance width in journal bearing 
L Bearing length 
l Couple-stress parameter 
M Mass of journal 
P Pressure 
R Journal radius 
U, V Tangential and normal velocity component of the journal 
surface 
x, y, z Coordinates 
u, v, w Fluid velocity along the x, y and z axis 
η Material constant responsible for the couple stress property 
μ Viscosity coefficient of a couple stress lubricant 
cg Groove depth[m] 
L/D Length to diameter ratio 
ε= e/c Eccentricity ratio 
ɸ Attitude angle 
݁௫,	݁௬ Eccentricities in X and Y directions, respectively 
γ Groove helix angle 
Ng Number of grooves 
hcav Film thickness at the point of cavitation 

2. ANALYSIS  

Schematic diagram of a herringbone grooved hydrodynamic 
journal bearing with the circumferential coordinate system 
used in the analysis is shown in Fig. 1. The journal operating 
with a steady-state eccentricity ratio ε0 rotates with a rotational 
speed ω about its axis. 

 

 

Fig. 1: Schematic diagram herringbone grooved  
hydrodynamic journal bearing. 

Following Reynolds’ equation incorporating the cavitation and 
mass conservation the basic governing equation in non-
dimensional form, with the following substitutions 
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2.1. Numerical solution for pressure 

Equation (3) is discretized by the finite difference method and 
solved by Gauss-Seidel iterative method with successive over-
relaxation scheme to obtain the steady state pressure 
distribution p  satisfying the boundary conditions as given: 

 , 1 0p    (ambient pressure at both bearing end);  

 , 0 0
p

z
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 (symmetrical pressure at the mid- plane); 
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p
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  ;  , 0p z   for 

c   

(cavitation condition). 

The bearing surface area is divided into a number of 
rectangular meshes of size  z  each. Representing a 

grid point (i,j), where i and j represent the co-ordinates along 

x( ) and z( z ) directions respectively.To implement the 
above numerical procedure, a uniform grid size is adopted in 
the circumferential and axial directions. For calculating film 
pressure at each set of input parameters, the following 
convergence criterion is adopted. 

 

3. STEADY-STATE BEARING PERFORMANCE 
CHARACTERISTICS 

3.1. Load Carrying Capacity 
The non-dimensional radial and transverse load components 
are obtained by 
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Non-dimensional steady state load is computed as: 
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3.2. End Flow Rate 
The volume flow rate in non-dimensional form is given by: 
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3.4. Frictional Parameter 
The non-dimensional frictional force is given by 
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The frictional parameter is consequently obtained as follows:
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4. RESULTS AND DISCUSSION 

From the equation denoted by (3) it is obvious that the film 
pressure distribution depends on the parameters, namely, L/D, 

ε0, l , Ng and γ. A parametric study has been carried out for all 
the above mentioned parameters excepting L/D which has 
been fixed at 1.0. 

 

 

4.1. Load Carrying Capacity, W 
4.1.1. Effect of eccentricity ratio at different values of 

couple stress characteristics length 
Fig.3. Shows the variation of load capacity with eccentricity 
ratio for various values of couple stress characteristics length (
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l ). It’s found on increase of eccentricity ratio (ε0), increases 
the load capacity at any value of ( l ). Moreover, the figure 
reveals load capacity increases with increase of ( l ) and 
approaches asymptotically to the Newtonian value as l→0. 
The physical reason for the above observation is as l  tends to 
higher value, the viscous shear stress in the fluid around the 
suspended particles of additives increases by the spinning or 
coupling effect.  

 

4.1.2. Effect of helix angle at different values of couple 
stress characteristics length 

Fig.4. Shows the variation of load capacity with helix angle 
for various values of couple stress characteristics length ( l ). 
It’s found on increase of helix angle (γ), increases the load 
capacity at any value of ( l ). Moreover, the figure reveals load 
capacity increases with increase of ( l ). The physical reason for 
the above observation is as ( l ) tends to higher value, the 
viscous shear stress in the fluid around the suspended particles 
of additives increases by the spinning or coupling effect. 

4.1.3. Effect of groove number at different values of couple 
stress characteristics length 

Fig.5. Shows the variation of load capacity with groove 
number for various values of couple stress characteristics 
length ( l ). It’s found on increase of groove number (Ng) the 
load capacity does not vary significantly at any value of ( l ). 

 

4.2. End flow rate, Q 
4.2.1. Effect of eccentricity ratio at different values of 

couple stress characteristics length 
Fig.6. Shows the variation of end flow rate with eccentricity 
ratio for various values of couple stress characteristics length (
l ). It’s found on increase of eccentricity ratio (ε0), increases 
the end flow rate at any value of l .  
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Moreover, the figure reveals end flow rate increases by small 
amount with increase of l  and approaches asymptotically to the 
Newtonian value as l→0. The physical reason for the above 
observation is as l  tends to higher value, the viscous shear 
stress in the fluid around the suspended particles of additives 
merely effects on end flow rate.  

4. 2.2. Effect of helix angler at different values of couple 
stress characteristics length 

Fig.7. Shows the variation of end flow rate with helix angle(γ) 
for various values of couple stress characteristics length ( l
).It’s found on increase of helix angle (γ), the end flow rate 
initially increases , then attains a maximum value, then 
decreases at any value of( l ). 

4. 2.3. Effect of groove number at different values of couple 
stress characteristics length 

Fig.8. Shows the variation of end flow rate with groove 
number for various values of couple stress characteristics 
length ( l ). It’s found on increase of groove number (Ng), the 
end flow rate initially slowly decreases, and then slowly 
increases at any value of ( l ). 

4.3. Frictional parameter 
4.3.1. Effect of eccentricity ratio at different values of 

couple stress characteristics length 
Fig.9. Shows the variation of frictional parameter with 
eccentricity ratio for various values of couple stress 
characteristics length ( l ). It’s found on increase of eccentricity 
ratio (ε0), decrease the frictional parameter at any value of ( l ). 
Moreover, the figure reveals frictional parameter decreases 
with increase of ( l ) and approaches asymptotically to the 
Newtonian value as l→0. 

4.3.2. Effect of helix angle at different values of couple 
stress characteristics length 

Fig.10. shows the variation of frictional parameter with helix 
angle (γ). It’s found on increase of helix angle (γ), the 
frictional parameter decreases at any value of ( l ). 

 

4.3.3. Effect of groove number at different values of 
couple stress characteristics length 

Fig.11. Shows the variation of frictional parameter with 
eccentricity ratio for various values of couple stress 
characteristics length ( l ).It’s found on increase of groove 
number (Ng), the frictional parameter does not vary 
significantly at any value of ( l ). 

5. CONCLUSIONS 

From the results of this study, the following conclusions can 
be drawn: 

According to the results obtained for a particular value 
L/D=1.0, the influences of various parameters on the static 
performance characteristics can be highlighted as follows. 

Load capacity increases with increase of eccentricity ratio at 
different values of couple stress characteristics length. 
Moreover, couple stress fluids exhibit a better load capacity 
than a Newtonian fluid under steady-state condition. 

The effect of helix angle is to improve the load capacity at 
different values of couple stress characteristics length. 

Load capacity is not affected significantly with increase of 
number of grooves at different values of couple stress 
characteristics length. 

End flow rate increases with increase of eccentricity ratio at 
different values of couple stress characteristics length. 
Moreover, couple stress fluids exhibit an end flow rate nearly 
similar to Newtonian fluid under steady-state condition. 
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The effect of helix angle is to increase the end flow rate at 
different values of couple stress characteristics length up to 
around 250.Then it improves significantly. 

End flow rate is not affected significantly with increase of 
number of grooves at different values of couple stress 
characteristics length. But as couple stress characteristics 
length increases end flow rate also increases. 

Frictional parameter decreases with increase of eccentricity 
ratio at different values of couple stress characteristics length, 
approaching asymptotically to the Newtonian value. 
Moreover, Moreover, couple stress fluids exhibit a better 
frictional parameter than a Newtonian fluid under steady-state 
condition. 

The effect of helix angle is to decrease the frictional parameter 
at different values of couple stress characteristics length. 

Frictional parameter is not affected significantly with increase 
of number of grooves at different values of couple stress 
characteristics length. But as couple stress characteristics 
length ( l ) increases frictional parameter also increases. 
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