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Abstract: The second order rotatory theory of hydrodynamic lubrication was founded on the expression obtained by retaining the 

terms containing first and second powers of rotation number in the extended generalized Reynolds equation. In the present paper, there 

are some new excellent fundamental solutions with the help of geometrical figures, expressions, calculated tables and graphs for the 

plane and exponentially inclined slider bearings in the second order rotatory theory of hydrodynamic lubrication. The analysis of 

equations for pressure and load capacity, tables and graphs reveal that pressure and load capacity are not independent of viscosity and 

increase slightly with viscosity for the constant value of M in the case of fluid with small rotation. Also the pressure and load capacity 

both increase with increasing values of rotation number M. In the absence of rotation, the extended generalized Reynolds equation gives 

the classical solutions of the classical theory of hydrodynamic lubrication given by Reynolds, previously. The relevant tables and graphs 

confirm these important investigations in the present paper. 
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1. Introduction 
 

In the theory of hydrodynamic lubrication, two dimensional 

classical theories [4, 10]
 

were first given by Osborne 

Reynolds. In 1886, in the wake of a classical experiment by 

Beauchamp Tower [12], he formulated an important 

differential equation, which was known as: Reynolds 

Equation. The formation and basic mechanism of fluid film 

was analyzed by that experiment on taking some important 

assumptions given as: 

 

(1.1) The fluid film thickness is very small as compare to the 

axial and longitudinal dimensions of fluid film. 

(1.2) If the lubricant layer is to transmit pressure between the 

shaft and the bearing, the layer must have varying thickness.  

 

Later he [11]
 
derived an improved version of Reynolds 

Equation known as: “Generalized Reynolds Equation”, 

which depends on density, viscosity, film thickness, surface 

and transverse velocities. The rotation of fluid film about an 

axis that lies across the film gives some new results in 

lubrication problems that were derived by Banerjee et. al [1] 

in fluid mechanics. The origin of rotation can be traced by 

certain general theorems related to vorticity in the rotating 

fluid dynamics. The rotation induces a component of 

vorticity in the direction of rotation of fluid film and the 

effects arising from it are predominant, for large Taylor‟s 

Number, it results in the streamlines becoming confined to 

plane transverse to the direction of rotation of the film.  

 

The new extended version of “Generalized Reynolds 

Equation” is said to be “Extended Generalized Reynolds 

Equation”, which takes into account of the effects of the 

uniform rotation about an axis that lies across the fluid film 

and depends on the rotation number M [1], i.e. the square 

root of the conventional Taylor‟s Number. The 

generalization of the classical theory of hydrodynamic 

lubrication was given by Banerjee et. al [1], is known as the 

“Rotatory Theory of Hydrodynamic Lubrication”.  

The “First Order Rotatory Theory of Hydrodynamic 

Lubrication” and the “Second Order Rotatory Theory of 

Hydrodynamic Lubrication” was given by Banerjee et.al. [1] 

on retaining the terms containing up to first and second 

powers of M respectively by neglecting higher powers of M. 

 

The most common form of lubricated slider bearing is Plane 

Inclined Pad. The geometry of plane-inclined pad is given by 

figure (1).  

 

 
Figure 1: (Geometry of plane inclined slider) 

 

Which shows that the gap h decreases with increasing y, 

hence the runner has to move towards origin in y-direction. 

Its velocity is U. the minimum film thickness is ho and the 

minimum film thickness is hi .The position of ho is at a 

distance H from the origin and hi is at a distance L from the 

origin. Taking n as: 

 
 

 The film thickness h can be expressed at any point as: 

                               (2) 

                                   (3) 

Paper ID: SUB151748 2089



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 2, February 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Where α is the angle of inclination of the pad. 

 
  

 

2. Governing Equations  
 

In the second order rotatory theory of hydrodynamic 

lubrication the “Extended Generalized Reynolds Equation”, 

given by Banerjee et.al. in 1981 [1], is written by equation 

(7). Let us consider the mathematical terms as follows: 

 

 

 

 

 

 

 

 

 

 

 
 

Where x, y and z are coordinates, U is the sliding velocity, P 

is the pressure, ρ is the fluid density, µ is the viscosity and 

W
* 
is fluid velocity in z-direction. 

 

3. Boundary Conditions and Derivative 

Analysis 
 

 The Extended Generalized Reynolds Equation in view of 

second order rotatory theory of hydrodynamic lubrication, in 

ascending powers of rotation number M
  
and by retaining the 

terms containing up to second powers of M and neglecting 

higher powers of M, can be written as equation (8). For the 

case of pure sliding  so we have the equation as 

given: 

 
 Let we assume the bearing to be infinitely long in y-

direction, which implies that the variation of pressure in x-

direction is very small as compared to the variation of 

pressure in y-direction i.e., 

 
 

then the equation (8 ) will be 

 
  

Taking the pressure distribution as the function of the 

coordinate along the length of the slider only, we have P = 

P(y), we have 

 

 
  

 For the determination of pressure the boundary conditions 

are: 

P=0 at h=ho and P=0 at h=ho (1+n) 

So we have the differential equation for the pressure will be  

 
 

The solution of the differential equation (11) under the 

boundary conditions gives the pressure for plane inclined 

slider bearings by (12). 

 
 (12) 

The load capacity for plane inclined slider bearing is given 

by 

 

  

 (14) 

3.1 Numerical Simulation-1 

 

Table 1 (Calculated values of pressure and load capacity by 

taking the values of different mathematical terms in C.G.S. 

system as: 
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Figure 2: (Variation of pressure against M with exponential 

trend line and moving average) 

 
Figure 3: (Variation of load capacity against M with 

exponential trend line and moving average) 

In the exponentially inclined slider [14], the film thickness h 

increases exponentially with the distance. The geometry of 

exponentially inclined slider is given by figure (4).  

 
Figure 4: (Geometry of exponentially inclined slider) 

 

The film thickness at any point is given by 

 (15)  

For the determination of pressure the boundary conditions 

are: 

 
 (16) 

So we have the differential equation for the pressure will be 

 
 
The solution of the differential equation (7) under the 

boundary condition (6) gives the pressure for exponentially 

inclined slider bearings by (8). 

  

 (18) 

The load capacity for exponentially inclined slider bearing is 

given by 

  (19)  

 

 
 

3.2 Numerical Simulation-2 

 

By taking the values of different mathematical terms in 

C.G.S. system there are calculated tables and graphical 

representations as follows: 

 

Table 2:  (The calculated values of pressure and load 

capacity against the rotation number by assuming the values 

of mathematical terms as:  
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in the equation (18) and (20)) 

 
 

Table 3: (The calculated values of pressure and load 

capacity against the viscosity of the fluid by assuming the 

values as:  

  

 
 

 
Figure 5: (Variation of P and W against M for µ=0.0002) 

 

 
Figure 6: (Variation of P and W against µ for M=0.1) 

 

4. Discussions and Results 
 

The variation of pressure and load capacity for plane inclined 

slider bearings with respect to rotation number M, when 

viscosity is constant; are shown by table-1 and graphs-2, 3. 

That shows the variation of pressure and load capacity. 

Hence in the second order rotatory theory of hydrodynamic 

lubrication, the pressure and load capacity for plane inclined 

slider bearings both increase with increasing values of M, 

when viscosity is taken as constant. The equations of 

pressure and load capacity also show that they are not 

independent of viscosity µ and slightly increase with µ, when 

M is constant. On taking (M=0) in the extended generalized 

Reynolds equation, we will find the classical solutions given 

by Reynolds. Also the variation of pressure and load capacity 

for exponentially inclined slider bearings with respect to 

rotation number M, when viscosity is constant; are shown by 

table-2 and figure-4, which shows the variation of pressure 

and load capacity. Hence in the second order rotatory theory 

of hydrodynamic lubrication, the pressure and load capacity 

for exponentially inclined slider bearings both increase with 

increasing values of M, when viscosity is taken as constant. 

The equations of pressure and load capacity, table-3 and 

figure-5 also show that they are not independent of viscosity 

µ and slightly increase with µ, when M is constant. On 

taking (M=0) in the extended generalized Reynolds equation, 

we will again find the classical solutions given by Reynolds. 
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