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Abstract
This paper presents a static study of the combination of turbulence and viscosity changes in
hydrodynamic journals effective in the presence of nanolubricants. Lubricating oil viscosity
affects the load resonance ability of plain bearings. Bearing performance is affected by thepercentage of nanoparticles added to the lubricant base. According to the modified Reynolds equation, the bearing operating in the negative condition is derived. To obtain a closedsolution, 
FDM should be considered. The distribution pressure and load carrying capacity are evaluated theoretically using the modified Reynolds equation for nanoparticle concentration. The results show that the load capacity of plain bearings using nanoparticle lubricant additives is better compared to bearings without nanoparticle additives.

Keywords: hydrodynamic plain bearings, nano lubricants, turbulence, modified Reynolds equation, static performance, load carrying capacity, friction 
INTRODUCTION

33% of all energy in the world is produced in the form of friction. As a result, approximately 70% of failures in mechanical products are caused by friction. Minimum friction makes mechanics more efficient and reduces effort. This is true in transportation, manufacturing and energy production.Registered bearings are used in steam turbines, generators, blowers, compressors, internal combustion engines, etc. They are the most commonly used equipment to support rotating shafts and machines, such as These bearings are superior to roller bearings in terms of vibration absorption, impact resistance, silence and long life. All these features are from the behavior magazine supporting the oil film frame. [1] Hydrodynamic plain bearings support external forces, which are radial loads, by creating pressure in the lubrication film with less wear and energy loss. The development potential of plain bearings was investigated. [2].Nanoparticle lubricants are of good quality and stable in liquid basis, like SAE oil. The addition of nanoparticles increases the viscosity of the lubricant and reduces friction and wear. Although the impact of nanoparticulate lubricant additives on boundary lubrication conditions is well documented [3,4,5,6,7,8,9,10,11,12,]. The revolutionary technology of the 21st century is nanotechnology. [13]. Nanotribology [14] shows that friction, wear and load carrying capacity increase with the use of nanoparticles as lubricant additives. In boundary lubrication systems, the power of nanoparticles is created (nanoparticles in the lubricating oil act on the ball bearings). surface interaction) and secondary effects (nanoparticles are placed on the friction surface and the mass loss is collected by the nanoparticles, this is called the healing effect) resulting in reduced friction and wear. Nanoparticles also act as abrasives and reduce the roughness of the interface [15]. The polishing effect increases the resonance ability of the load by reducing friction and wear. [16]. The effectiveness of Nano lubricants regarding boundary lubrication has been well researched, but published research studies on hydrodynamic lubrication of nanoparticles are still lacking. In this study, the Krieger -Dougherty viscosity model was used to obtain changes in viscosity to detect changes in pressure and load capacity in hydrodynamic journals.In lubrication theory, the flow in the lubricant film is considered laminar flow. However, in high-speed electronic equipment, the flow in the lubricating oil film does not control the laminar flow, but a turbulent situation occurs [17]. Over the years, different researchers have developed different theories to study heat and its effects on different lubrication processes. Taylor [18] conducted a study on the lubrication performance of inclined chute. He used two turbulence models to introduce turbulence into the governing equation, the Constantinescu model (1959) and the Ng and Pan (N·P) model (1965). From the results, it can be seen that the progress is better than in laminar flow, and at the same time, the negative friction in the flow increases. Additionally, the two theories show similar results across a variety of tasks. Vinay kumar [19] provides a critical review of crisis models such as the Constantinescu model (1959) and the N-P model (1965). In the course of evolution, both models turned out to be wrong; furthermore, at higher Reynolds numbers (e.g., 50,000), both models have been shown to be incorrect since the effect of fluid inertia should be significant. On the other hand, Safar and Shawky [20] showed that the average fluid inertia is not significant until the Reynolds number reaches 10,000. Therefore, in many practical applications, the mean fluid inertia can be ignored without introducing much error. Tsann-Rong Lin [21] investigated the effect of 3D roughness on journal behavior under turbulent flow conditions. He used the N-P model to incorporate turbulent flow and found that better performance could be achieved as the Reynolds number, asperity height and width increased. Recently, some researchers have introduced the low Reynolds k model (e.g., Chien [22], Launder-Sharma [23], and Abe-Kondah-Nagano [24] model) to generate temperature dispersion. Lu et al. Metin [25] proposed a numerical solution to overcome the instability of the numerical solution of k≤ turbulence model equations. Zhang et al. [26] briefly describe various turbulence models and propose a new model, called Zhang and Zhang's combined k-í model (2003), which shows good agreement with experiments compared to other gender norms. Thermohydrodynamic analysis of finite-width planar journal bearings under turbulent flow conditions was studied by Shyu et al. [27]. They used the Elrod and Ng model (1967) to include flow patterns and turbulence conditions to simplify the Navier-Stokes equations. Based on the results of the numbers, they gave the relationship of using the least squares method to facilitate the calculation of reinforcement design. Frein et al. [28] concentric rollers, labyrinth seals, o-rings, hybrid bearings, etc. He studied turbulence and inertia effects in various applications such as. Shenoy and Pai [29] analyzed the steady-state properties of an externally tunable fluid film bed in laminar and turbulent flow regimes. They have shown that performance will vary depending on the tilt angle and radial adjustment. Nicodemus and Sharma [30] analytically studied the effects of wear and groove shape on a capillary balanced, four-pocket, hybrid journal bearing system operating in turbulent flow. The double-abrasive model (1983) and the Constantinescu model are used to determine wear and turbulence, respectively. They found that the freezing point dropped when the organs were operating in unstable conditions.
Maneshian and Nassab [31] performed a numerical study on the thermohydrodynamic properties of an infinite length newspaper under turbulent flow conditions using CFD methods. The low Reynolds k model is used to incorporate turbulence into the trunnion. Their findings showed that the performance of the magazine depends on the Reynolds number, eccentricity and void ratio. Additionally, Solghar and Nassab [33] found similar results to those of Maneshian and Nassab [32] for long-term media. Dynamic analysis of short supports was carried out by Dousti et al. [33] considered inertia and turbulence effects. The Navier-Stokes equation is simplified to include the convective inertia term using the velocity point method, and the turbulence element is included in the pressure control equation using the Constantins library model. The results show that the effects of turbulence are very large compared to the effects of inertia. Although many researchers have studied the effects of turbulence on the hydrodynamic lubrication of smooth bearings, no studies on textured surfaces have been reported to date. Therefore, the current study focuses on the investigation of textured parallel sliding contacts under turbulent conditions.
[image: ]
2. THEORETICALINVESTIGATION
The pressure equation for a journal bearing was considered as:
						[1]
It is used for conclusion the pressure dispersal in journal bearing. 
The governing equation non-dimensional form as
					[2]
2.1 Boundary Conditions
	The Reynolds Equation is an elliptical partial differential equation and therefore must be solved as boundary value problem.
	P = 0 at  = 00 and  = 3600
	P = 0  at  Z = + L/2, -L/2                                                                          
	Where  = Circumferential angle, Z = Bearing axis eccentric  to the shaft axis.


2.2 The present analysis uses N–P model to solve the turbulent Reynolds equation for an incompressible fow given by [18].
[image: ]
The terms kx and kz are the friction flow rate parameters in the x and z directions. Ng and Pan [39] represent these measurements. Later, Taylor [18] used curve fitting techniques to provide a relationship between points kx and kz as follows:
[image: ]
where Cx, Cz, nx and nz are constants with dependence on Reynolds number.

3.1 Assessment of Nano fluid Viscosity: Viscosity Models: Estimation of the Nanofluid viscosities:
There are certain theoretical formulas used to find the viscosities of Nanofluid. 
(i) Einstein Model [34]
         
    					(3)
Where  is the volumetric concentration of Nanoparticals. Einstein’s formula can be used when 
(ii) Brickman [35] extended formula for moderate particle concentration as 
    					(4)
(iii)  Batchelor [36] derived a model considering the Brownian motion of particles of the fluid
            				(5)
(iv) Kole and Dey [37]studied the viscosity variation with CuO nanoparticles in gear oil. The studyidentified a modified version of Krieger-Dougherty viscosity model to simulate viscosities which were in close agreement with experimental measurements. 
               				(6)				
    Where,  is the maximum partical packing fraction, which is approximately 0.605.  is the intrinsic viscosity whose typical value specified by Kole and Dey is 2.5.
The above equation was modified to consider the packing fraction within the nanopartical aggregate structure. The modified Krieger – Dougherty[38]  equation is
           					(7)
4.BEARING STATIC CHARACTERISTICS. 
The load-carrying capacity is calculated by integrating the ®lm pressure acting on the journal surface. Along and perpendicular to the line of centres, 
The component loads are expressed as follows:
Wr =
Wt =
where, Wr and Wt are the components of load carrying capacity along and tangential to the line of centres respectively. 
Journal bearing load carrying capacity in non-dimensional form [9] as:
 = =
4.2. Attitude angle: It is the angle between the line passing through the centres and the load acting direction, and is given by


4.3.Abrasion Force
The resistance force is obtained by adding shear stress transversely the bearing area. The resistanceforce non-dimensional form as:

 = FC/μblURL

 = 2R

The friction parameter is then obtained as:
F =
= 
SOLUTION PROCEDURE:
 Use the finite difference method to solve the Reynolds equation to find the pressure distribution around the book. The process of obtaining a high dispersion is first repeated; The pressure of each element is zero. The pressure obtained from the first iteration is then used to calculate the new pressure instead of zero. This cycle continues until the increase in pressure is one thousandth of the last pressure (i.e. until the epsilon value is 1/1000) and due to the low calculation time we can obtain the pressure with sufficient accuracy. The program stops when the new pressure is less than one thousandth of the last pressure
[image: ] I

5.RESULTS AND DISCUSSION 
In this paper, the modified Krieger-Dougherty viscosity model is used to obtain the change in viscosity to represent the pressure change and load capacity. The following formulations were selected for analysis: Nanoparticle concentration: 0.5 to 2.5% by volume; eccentricity δ = 0.1 to 0.9. The results are presented graphically. Figure 3. Dimensionless load carrying capacity W compared to eccentricity ratio Δ is shown for nanoparticles of different sizes. Since the volume fraction of nanoparticles provides a higher film than in the case of Newtonian lubricant, the significance of the potential resonance of the product is affected accordingly. At higher eccentricities, the volume fraction of nanoparticles is evident.
From the analysis, it can be seen that the load capacity and friction force increased and the friction coefficient decreased after the addition of 2.5% nanoparticles by volume compared to the base liquid. Figure 4. It can be seen that the lift capacity and friction of turbulent flow increase compared to laminar flow, while the friction coefficient decreases.
Figure 5. Represents the effect of eccentricity ratio on the behavior angle of simple lubricant and nano lubricant, respectively. It can be seen from the figure that as the eccentricity ratio increases, the behavior angle decreases and does not affect the Nanopartial addition. Figure 6 shows the effect of eccentricity on the friction between base lubricant and nanolubricant, respectively. Analytically, the friction coefficient decreased when 2.5 vol% nanoparticles were added compared to the base fluid. Figure 7. Representation of the effect of eccentricity against friction between base lubricant and nano lubricant, respectively. Figure 8 shows the dimensionless load carrying capacity and eccentricity and different θ values ​​in turbulent flow. As expected from the high oil film, the nanofluid effect increases the bearing's capability, especially in high eccentricity and turbulence conditions. The effect of the nanofluid is more pronounced when the beds appear longer. Figure 9. Shows the relationship between character angle and angle. Different volumes of nanolubricants are used for different eccentricity ratios and δ. It can be seen from the figure that as the eccentricity ratio increases, the behavior angle decreases, and the addition of Nanopartial has no effect. Figure 10 shows the relationship between friction and friction. Difference δ versus eccentricity in turbulent flow. As expected from the high oil film, the nanofluid effect reduces friction, especially in high eccentricity and turbulence conditions. The effect of the nanofluid is more pronounced when the beds appear longer.

Fig 3.Dimensionless load capacity W vs. Eccentricity ratio with ʎ=1.5 at different volume fractions of nano fluid.
.
Fig 4.Dimensionless load capacity W vs. Reynolds number with ʎ=1.5 at different volume fractions of nano fluid.


Fig 5. Attitude angle vs. Eccentricity ratio with ʎ=1.5 at different volume fractions of nano fluid.


Fig 6. Friction vs. Eccentricity ratio with ʎ=1.5 at different volume fractions of nano fluid.


Fig 7.Friction    vs. Reynolds number with ʎ=1.5 at different volume fractions of nano fluids.

.


. Fig 8. Dimensionless load capacity vs. Eccentricity ratio for different ʎ  at different volume fractions.



Fig 9.  Attitude angle vs. Eccentricity ratio for different ʎ at different volume fractions of nano fluids.
. 
Fig 10.  Friction  vs. Eccentricity ratio for different ʎ  at different volume fractions of nano fluid.
6.CONCLUSION  
Based on Stokes' theory of microscopic continuity, the effect of nanolubricants on the static properties of finite plain bearings is proposed. A modified Reynolds equation is derived using the Stokes equation to account for the viscosity effect of mixing the base lubricant with additives. Pressure is the numerical solution obtained from the Reynolds limit. Count the various organs. The results show that nanolubricant deficiency controls the lubricant base in this system. When the value of the nanoparameter is zero, the problem is reduced to the classical base lubricant case. Based on the results of the discussion, the following conclusions can be drawn. The effect of nanofluid on the properties of organs is significant and cannot be ignored. Compared with the case of simple lubricating oil, the effect of nano lubricating oil is to increase the load capacity while reducing the behavior angle and uneven friction; The effect is more pronounced for bearings operating at higher eccentricity ratios. The effect of nanolubricants due to mixing with additives has a positive effect on the load and friction of lubrication systems.
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Nomenclature
r			Radial clearance (m)       
e			Eccentricity (m) 
h			Fluid film thickness (m)  		h = (C+eCosθ)
Ɛ 			Eccentricity ratio,			Ɛ = e/C
ħ			Fluid film thickness in Non-Dimensional form (m) = h/c =(1 +ɛCosθ)
L 			Bearing length (m) 
P			Lubricant fluid film pressure (N/m2) p 
P			Fluid film Pressure in Non-Dimensional form   =PC2/μblUR
R			Journal Radius (m) 
U			Surface Velocity of Journal (m/s) U
Wr			Radial component of load carrying capacity (N),  
Wt			Tangential component of load carrying capacity (N),
W			Total Load (N)   	
W			Non Dimensional Load Carrying Capacity,  = WC2/UL3
α			Attitude angle (rad)
F 			Friction force (N)
F			Non-dimensional friction force,(N) 		F = FC/μblURL
S			Somerfield number
x			Bearing coordinates in the circumferential direction (m), x = Rθ
z			Bearing coordinates in the axial direction (m), z = L
μbase			Viscosity of base oil (Pa-s) 
μnano			Viscosity of the Nano lubricant (Pa-s) 
μ			Relative Viscosity in Non-Dimensional form 
Ф			Volume fraction of Nanoparticles 
Фm			Maximum particle packing fraction 
θ			Angular Coordinates (rad) 
ω			Angular Velocity of Journal(rad/s) 
η			Intrinsic viscosity 
a			Radii of primary Nano particles(nm)
aa			Radii of aggregate Nano particles(nm)
D			fractal index

---------------  Laminar flow (REY=0)
_________Turbulent flow(REY=6000)
L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	94.29	234.14	522.9	1489	L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	284.7	732.5	1771.9	5871.9	L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	109.9	273.10000000000002	610	1736.8	L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	332.1	854.4	2066.8000000000002	6849	L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	130.5	324.10000000000002	724	2061.5	L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	394.2	1014.2	2453.1999999999998	8129.5	L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	158.30000000000001	393.3	878.4	2501.1999999999998	L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	478.2	1230.5	2976.4	9863.2999999999811	L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	197.7	490.9	1096.5	3122	L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	596.20000000000005	1535.9	3715.2	12311.4	L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	256.3	636.6	1421.9	4048.5	L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	774.1	1991.8	4817.8	15952.1	L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	94.29	234.14	522.9	1489	L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	284.7	732.5	1771.9	5871.9	L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	109.9	273.10000000000002	610	1736.8	L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	332.1	854.4	2066.8000000000002	6849	L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	130.5	324.10000000000002	724	2061.5	L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	394.2	1014.2	2453.1999999999998	8129.5	L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	158.30000000000001	393.3	878.4	2501.1999999999998	L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	478.2	1230.5	2976.4	9863.2999999999811	L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	197.7	490.9	1096.5	3122	L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	596.20000000000005	1535.9	3715.2	12311.4	L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	256.3	636.6	1421.9	4048.5	L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	774.1	1991.8	4817.8	15952.1	ECCENTRICITY RATIO
DIMENSION LESS LOAD
ʎ=1.5,ϵ=0.6
0	0	2000	4000	6000	522.9	989.8	1389.6	1771.9	0.005	0	2000	4000	6000	610	1154.5	1620.9	2066.8000000000002	0.01	0	2000	4000	6000	724	1370.3	1923.9	2453.1999999999998	0.015	0	2000	4000	6000	878.4	1662.6	2334.3000000000002	2976.4	0.02	0	2000	4000	6000	1096.5	2075.3000000000002	2913.7	3715.2	0.025	0	2000	4000	6000	1421.9	2691.2	3778.4	4817.8	Reynolds number
Dimensionless load
REY=0,
REY=6000,L/D=1.5
REY =0,L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5,%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	REY =0,L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	73.39	61.56	49.25	35.04	REY =6000,L/D=1.5,%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	74.900000000000006	61.3	47.839999999999996	33.120000000000012	Eccentricity Ratio
Attitude angle
-----------REY=0
_______REY=6000
               L/D=1.5
 %Nano=0	0.2	0.4	0.60000000000000064	0.8	6.8000000000000187E-3	2.8999999999999998E-3	1.5000000000000044E-3	7.0000000000000292E-4	 %Nano=0	0.2	0.4	0.60000000000000064	0.8	2.2000000000000088E-3	9.3000000000000548E-4	4.4000000000000251E-4	1.7000000000000072E-4	%Nano=0.005	0.2	0.4	0.60000000000000064	0.8	5.8000000000000013E-3	2.5000000000000087E-3	1.1999999999999999E-3	6.0000000000000244E-4	 %Nano=0.005	0.2	0.4	0.60000000000000064	0.8	1.9000000000000093E-3	8.0000000000000264E-4	3.7000000000000205E-4	1.4999999999999999E-4	 %Nano=0.01	0.2	0.4	0.60000000000000064	0.8	4.9000000000000207E-3	2.0999999999999999E-3	1.0000000000000041E-3	5.0000000000000034E-4	%Nano=0.01	0.2	0.4	0.60000000000000064	0.8	1.6000000000000072E-3	6.7000000000000317E-4	3.2000000000000198E-4	1.2000000000000049E-4	%Nano=0.015	0.2	0.4	0.60000000000000064	0.8	4.0000000000000114E-3	1.7000000000000053E-3	8.900000000000045E-4	4.1000000000000021E-4	 %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	1.2999999999999978E-3	5.5000000000000123E-4	2.6000000000000128E-4	1.0000000000000049E-4	%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	3.2000000000000145E-3	1.2999999999999978E-3	7.1000000000000034E-4	3.3000000000000092E-4	%Nano=0.02	0.2	0.4	0.60000000000000064	0.8	1.0000000000000041E-3	4.4000000000000251E-4	2.1000000000000104E-4	8.5000000000000413E-5	%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	2.5000000000000087E-3	1.0000000000000041E-3	5.5000000000000123E-4	2.5000000000000114E-4	%Nano=0.025	0.2	0.4	0.60000000000000064	0.8	8.2000000000000042E-4	3.4000000000000133E-4	1.6000000000000093E-4	6.5000000000000347E-5	Eccentricity Ratio
Friction
ʎ=1.5,ϵ=0.6
0	0	2000	4000	6000	1.5000000000000081E-3	7.9000000000000587E-4	5.6000000000000093E-4	4.4000000000000424E-4	0.005	0	2000	4000	6000	1.1999999999999999E-3	6.8000000000000124E-4	4.8000000000000034E-4	3.7000000000000308E-4	0.01	0	2000	4000	6000	1.0000000000000041E-3	5.700000000000041E-4	4.0000000000000034E-4	3.2000000000000295E-4	0.015	0	2000	4000	6000	8.90000000000007E-4	4.7000000000000134E-4	3.3000000000000092E-4	2.600000000000022E-4	0.02	0	2000	4000	6000	7.1000000000000034E-4	3.7000000000000308E-4	2.600000000000022E-4	2.1000000000000188E-4	0.025	0	2000	4000	6000	5.5000000000000123E-4	2.9000000000000016E-4	2.0000000000000052E-4	1.600000000000014E-4	Reynolds number
Friction 
Turbulent flow,Rey=6000
L/D=0.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	36.800000000000004	99.01	265.02	1130.5	L/D=1, %Nano=0	0.2	0.4	0.60000000000000064	0.8	138.6	365.3	933.1	3513.5	L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	284.7	732.5	1771.9	5871.9	L/D=0.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	61.9	166.3	445.1	1899	L/D=1, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	232.9	613.6	1567.4	5901.9	L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	478.2	1230.5	2976.4	9863.2999999999811	L/D=0.5, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	100.2	269.2	720.5	3073.9	L/D=1, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	377	993.2	2537.1999999999998	9553.1	L/D=1.5, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	774.1	1991.8	4817.8	15965.2	Eccentricity ratio
dimensionless load
L/D=0.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	75.11999999999999	61.03	46.71	31.1	L/D=1, %Nano=0	0.2	0.4	0.60000000000000064	0.8	74.36	61.3	47.8	33.1	L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	73.3	61.5	49.2	35.4	L/D=0.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	75.11999999999999	61.03	46.71	31.1	L/D=1, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	74.36	61.3	47.8	33.1	L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	73.3	61.5	49.2	35.4	L/D=0.5, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	75.11999999999999	61.03	46.71	31.1	L/D=1, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	74.36	61.3	47.8	33.1	L/D=1.5, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	73.3	61.5	49.2	35.4	ECCENTRICITY RATIO
ATTITUDE ANGLE
REY=6000
L/D=0.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	1.7000000000000001E-2	6.9000000000000242E-3	2.8999999999999998E-3	9.0000000000000247E-4	L/D=1, %Nano=0	0.2	0.4	0.60000000000000064	0.8	4.6000000000000034E-3	1.8000000000000073E-3	8.400000000000047E-4	2.9000000000000016E-4	L/D=1.5, %Nano=0	0.2	0.4	0.60000000000000064	0.8	2.2000000000000092E-3	9.300000000000058E-4	4.4000000000000289E-4	1.700000000000008E-4	L/D=0.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	1.0000000000000005E-2	4.1000000000000003E-3	1.7000000000000058E-3	5.0000000000000034E-4	L/D=1, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	2.7000000000000123E-3	1.1000000000000055E-3	5.0000000000000034E-4	1.700000000000008E-4	L/D=1.5, %Nano=0.015	0.2	0.4	0.60000000000000064	0.8	1.2999999999999978E-3	5.5000000000000123E-4	2.600000000000015E-4	1.0000000000000053E-4	L/D=0.5, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	6.3000000000000113E-3	2.5000000000000092E-3	1.0000000000000041E-3	3.0000000000000149E-4	L/D=1, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	1.7000000000000058E-3	6.900000000000043E-4	3.0000000000000149E-4	1.0000000000000053E-4	L/D=1.5, %Nano=0.025	0.2	0.4	0.60000000000000064	0.8	8.0000000000000264E-4	3.0000000000000149E-4	1.6000000000000104E-4	6.0000000000000374E-5	ECCENTRICITY RATIO
FRICTION
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Fig. 1. Physical configuration of a finitc journal bearing.
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Fig. 2. Grid point notation for the film extent.




