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Abstract: In this paper a methodology has been given for obtaining the Reynolds equation for spiral 
journal bearing. It consists of the analysis of static characteristics of spiral bearing in different 
conditions, by considering the modification of Reynolds equation for finite bearing and then reducing to 
a one dimensional equation of short bearing. Also in choosing a non-circular bearing i.e. spiral journal 
bearing, the geometry of the spiral is considered in two forms, they are convergent spiral and divergent 
spiral. This spiral journal bearing resembles as pressure dam configuration but differs with film 
thickness. 
Based on the micro polar theory, a theoretical analysis on the load carrying capacity of finite spiral 
bearing operating with micro polar fluid is presented. The film pressure distribution equation is 
numerically solved by using numerical technique. As compared to the Newtonian lubricants, the 
lubricants which sustain micro polar fluid yields an increase, in the load carrying capacity and decrease 
in the friction parameter. The spiral bearing is having more load carrying capacity than circular bearing. 
 
Keywords: Convergent And Divergent Spiral Journal Bearing, Micro Polar Fluid, Newtonian Lubricants. 

 
1. Introduction: In this chapter, a methodology has been given for obtaining the Reynolds equation for 
spiral bearing. The methodology consists of the analysis of static characteristics of Spiral bearing in 
different conditions, which are explained in detail. The derivation of short journal bearing from the 
Reynolds equation with boundary conditions has been given. For non-circular bearing the boundary 
conditions has been considered. Uddhav Ghadge, et al., [1] Analyzed that non-circular bearings provides 
better performance than circular bearings, he used analysis of non-circular hydrodynamic bearings.  B. 
Vijay Krishna, et al., [3] Considered that a theoretical analysis of squeeze film behavior in long spiral 
journal bearings. Amit Chauhan, et al., [4]  Studied that high load capacity and power loss has been 
observed for non-circular bearings than offset-havles journal bearings. S. Basker, et al., [5] Studied that 
the friction and wear behavior of journal bearings using hydrodynamic lubrication and solid film 
lubrication. J.O. Agunsoye, et al., [6] Analyzed that the behavior of wear used for statistical analysis 
under dry lubrication condition was investigated. Zhi Ling Qie, et al., [7] Studied that to derive Reynolds 
equation for journal bearings using finite difference method and to study the static characteristics and 
include the sommerfeld number. Muhammad Zubair Khan, et al., [8] Studied that to determine the 
study state and dynamic performance of plain journal bearings and helical groove journal bearings. 
 
1.1 Solution Methodology: For a finite bearing the review of literature reveals that, the two 
dimensional Reynolds equation is a partial differential equation. Generally, that equation is solved using 
(i) Finite Difference Method, (ii) Finite Element Method and (iii) Fourier series technique. Such 
techniques are cumbersome and needed a large computer coding. Therefore, a MATLAB code is 
developed for evaluation of the differential equation. 
 
The solution methodology starts with the modification of Reynolds equation for finite bearing and then 
reducing to a one dimensional equation of short bearing. Also, in choosing a non circular bearing i.e. 
Spiral journal bearing, the geometry of the spiral is considered in two forms, they are convergent spiral 
and divergent spiral. This spiral journal bearing resembles as pressure dam configuration but differs 
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with film thickness equation. The selection of spiral depends upon the direction of the journal rotation 
as shown in the Figures - 1.1 (a) and (b) [4-6]. 
 

 
Figure 1.1: Geometric Configurations of Spiral Journal Bearing 

 
1.2 Static Performance Of Short Hydrodynamic Spiral Journal Bearing: Hydrodynamic journal 
bearings have been widely used to support high-speed rotating machinery, such as turbines, 
compressors and pumps. In such high speed machinery, there is every possibility for the on set of whirl 
or instability; therefore, to overcome the instability, non-circular journal bearings are widely used. 
Among the several configurations of non-circular bearings, Spiral journal bearings is one such non-
circular bearing first proposed by Cameron[2], and analyzed by many researchers as two half semi-
circles of different radii, which is popularly called as pressure Dam bearings. In the present study, the 
author made an attempt, by considering the configuration as Archimedean spiral. Therefore, it is an 
important engineering problem to improve the operating characteristics of Spiral journal bearings in the 
high-speed operating conditions for enhancing the quality of rotating machinery. The physical 
configuration of non-circular bearings and the static analysis is presented [7-9].    
 
1.2.1 Short Hydrodynamic Convergent Spiral Journal Bearing:  The fluid film thickness is expressed 
by the following continuous function for convergent spiral journal bearing which is given as follows [10]. 
 
1.2.2 Fluid Film Thickness Equation For Hydrodynamic Convergent Spiral Journal Bearing: 
 

 
Figure 1.2: Geometric Configuration of Convergent Spiral Journal Bearing 

 
The Geometric and physical configurations of a short convergent spiral journal bearing in the Figures-1.2 
& 1.3 for which the parametric equation is given by  

              R
1
 = R1 + KθR , where K(spiral constant) =                                                           (1) 

In above “(1)”, if K is Positive, R2 > R1 represents divergent spiral otherwise (R1 > R2), represents 

convergent spiral and θR in Radians is equal to   . 

h = Fluid Film Thickness at an angle θ 
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From the geometry of the diagram h = AB and AB = Oj A – Oj B 
It may be noted that the line Ob D is a line drawn perpendicular to Oj A 

Therefore, Oj A = Oj D + DA . 
Now the film thickness h = AB = Oj D + DA – Oj B 

From the triangle ObOjD, 
 

 
Figure 1.3: Geometry of Hydrodynamic Convergent Spiral Journal Bearing 

 
                            Ob, = Bearing Center                                   Oj = Journal Center 
                            Ob A = R' = Radius of the Bearing             Oj B = r = Radius of the Journal 
                            Ob Oj = e = Eccentricity                              AB = h = Fluid Film Thickness 
                            Cmin = R2 - r and Cmax = R1 - r, Also R2-R1 = Cmax – Cmin 

Cos θ =  or Oj D = e Cos θ and 

From the triangle ObAD, 

Cos δ =  or DA = R Cos δ. 

Therefore, h = e Cos θ + R
1 Cos δ – r. 

From the sine rule,  =  

Sin δ =  Sinθ                                                                                                                     (2) 

Cos δ =  

         =   = 1 -   -   - ---------------                      (3) 

         =           (Neglecting the higher order term)                                      (4) 

# AB = R1  + e Cosθ – r                                                                                    (5) 

Since the ratio  is of the order of magnitude 10
-3

 , the above equation can be written as 

h = (R
1
 – r) + e Cosθ                                                                                                                         (6) 

Substituting R'= R1 +  θ  

the fluid film thickness can be written as 

 h = (R1 +  θ – r) + e Cos θ                                                                                                    (7) 

But R1 – r = Cmax; Cmax – Cmin = R2 - R1 

In the above equation R2 – R1 is negative, Since R2 < R1 

We introduce the preload factor (m), which is expressed by 
m  = (Cmax – Cmin)/Cmax                                                                                                                                   (8) 
Equation (7) can be rearranged as 
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h = Cmax 
θ

π
θ                                                                                                           (9) 

where,  = eccentricity ratio, m = Preload factor; θ = circumferential angle of the bearing,              Cmax = 
Maximum clearance 
The Reynolds Equation to account, for a hydrodynamic journal bearing is 

ρ

μ

ρ

μ
 = 6 U ρ                                  (10) 

Where h = the fluid film thickness. 
 μ = Viscosity. 
U = Journal velocity. 
Introducing the non-dimensional variables and parameters 

θ =   ,   =  , ,  =  ,                                                                                  (11) 

The non-dimensional film thickness is, 

and m =                                                                                  (12) 

where  is the eccentricity ratio and m is the preload factor 
The modified Reynolds equation in a non-dimensional form is written as 

 = 6                                                                                                                          (13) 

 
2. Analysis of Short Bearing Approximation:  Since λ

2
 <<1 for a short bearing approximation, the 

circumferential variation of pressure is neglected. Therefore, the above modified Reynolds equation 
reduces to 

 = 6 
�

                                       (14) 

If  m = 0, the above “(14)” reduces to a circular bearing operating with couple stress fluid. 
But, the boundary conditions for the fluid film pressure are 

 at  = 0 

 = 0    at  =                                                                                                                                  (15) 

Integrating the above “(14)” and applying the boundary conditions using  
Equations (15), the fluid film pressure is: 

 =  =                                                                                                            (16) 

where  is the non-dimensional pressure for convergent spiral journal bearing. The evaluated non-
dimensional pressure for different values of  m, , h are observed through the graphs. 
2.1 Bearing Static Characteristics: Once the fluid film pressure is known from the “(16)”, the bearing 
static characteristics are obtained. 
(i) Load Carrying Capacity: The load carrying capacity is obtained by integrating the fluid film 
pressure acting on the journal. The load component along the line of centers is and the load component 
perpendicular to the line of centers is 
Wr = W cos  

      = -2R                                                                                                    (17) 

and the load component perpendicular to the line of centers is 
Wt = W sin  

      = -2R                                                                                                    (18) 

Where W is the load carrying capacity of the bearing and is given by 

W =                                                                                                                               (19) 

and let the non-dimensional form be,       

Wr = W cos  

      = cos  d                               (20) 

Wr = W sin  



Mathematical Sciences International Research Journal Volume 7 Issue 1                   ISSN 2278-8697 

 

 
IMRF Biannual Peer Reviewed (Referred) International Journal | SE Impact Factor 2.73        |    359  
 

      = sin  d                              (21) 

                        The Load Carrying Capacity cannot be obtained by direct integration. Therefore, the same 
could be estimated using Gaussian Quadrature Technique in which a Matlab code is developed to 
evaluate the Load carrying capacity, attitude angle, etc. 
(ii) Attitude Angle: It is the angle between the line passing through the centers and the load acting 
direction, and is given by 

                        = tan-1                                       (22)                          

(iii) Friction Parameter: The friction force acting on the journal is obtained by integrating the shear 
stress around the journal 

                  F
1
 = 2R                                                                                           (23) 

Where the shear stress 

                 =  y=h –  y=h                                                                                                 (24) 

and the friction parameter is given by 

        f =                                                                                                               (25) 

The load components Wr and Wt, attitude angle, friction parameter are analyzed by the following 
graphs Figures 1.4 to 1.9. 
 
3. Graphs: 

  
Fig 14: The load carrying capacity(w) Vs 

preload factor(m)  varying with eccentricity 
ratio(e)     and non-dimensional variable(z) 

Fig 1.5: The load carrying capacity(w) Vs 
bearing constant(l)  varying with preload 

factor(m) 
  

  
Fig 1.6: The load carrying capacity(w)Vsfluid 

film thickness(h) capacity(w) Vs attitude 
angle(phi)  varying with preload factor(m)  

factor(m) 

Fig 1.7: The load carrying varying with preload 
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Fig 1.8: The load carrying capacity(w) Vs spiral 
constant(k) capacity (w) Vs Friction parameter 

(f) varying with eccentricity ratio(e) 

Fig 1.9: The load carrying varying with  
preload factor(m) 

 
4. Results:  The graphs have been plotted for the “(19)” and are shown in figures (1.4) to (1.9).  In figure 

1.4 to 1.9 w  is plotted for various λ, h, f, ø, , k and m.  
 
Fig (1.4) shows that the load carrying capacity with preload factor for different values eccentricity 

ratio . From this figure we can say the load carrying capacity w   increases as ‘ ’ increases, preload 
factor ‘m’ increases. 
 
Fig (1.5) shows that the load carrying capacity with bearing constant ‘λ’ for different values of preload 

factor ‘m’ and non-dimensional variable ‘z’. From this figure we can say the load carrying capacity w   
increases as ‘m’ increase, ‘z’ increase ‘λ’ increase. 
 
Fig (1.6) shows that the load carrying capacity with fluid film thickness for different values of preload 

factor ‘m’. From this figure we can say the load carrying capacity w   increases as preload factor ‘m’ 
increases, fluid film thickness ‘h’ decreases.   
 
Fig (1.7) shows that the load carrying capacity with attitude angle ‘ø’ for different values of preload factor 

‘m’. From this figure we can say the load carrying capacity w   increases as preload factor ‘m’ increases, 
attitude angle ‘ø’ decreases.  
 
Fig (1.8) shows that the load carrying capacity with spiral constant ‘k’ for different values of eccentricity 

ratio ‘e’. From this figure we can say the load carrying capacity w   increases as eccentricity ratio ‘e’ 
increases, spiral constant ‘k’ decreases.  
 
Fig (1.9) shows that the load carrying capacity with friction parameter ‘f’ for different values of preload 

factor ‘m’. From this figure we can say the load carrying capacity w   increases as preload factor ‘m’ 
increases, friction parameter ‘f’ decreases.  
 
5. Conclusion: In this chapter the generalized Reynolds equation analyzed by considering the lubricant 
as spiral journal bearings. It is applied to study the effect of additives in Newtonian lubricant under 
running condition, the effect of various parameters on load carrying capacity, friction and attitude angle. 
It is concluded that the effect on the lubricant as spiral journal bearings. 
 
6. Nomenclature: 
    R – Radius of the bearing 
    C – Radial clearance 
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    e – Eccentricity ratio 
    λ – Bearing constant (l) 
    h – Fluid film thickness 
    m – Preload factor 
    K – Spiral constant 
    f – Friction parameter 
    θ - Circumferential angle of the bearing 
    Ø - Attitude angle 
   μ - Viscosity  
   U -Journal velocity 
   W – Load carrying capacity 
   P – Hydrodynamic pressure 
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