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ARTICLE INFORMATION ABSTRACT

Original Research Paper Use of oil journal bearings in recent decades has grown considerably because of their desirable
Received 20 October 2017 performance in light and heavy loading condition and also for reducing noise pollution, as a suitable
Accepted 04 January 2018 supports in different industrial equipment such as turbomachines, combustion engines and nuclear

Available Online 01 February 2018 reactors. Due to the influence of the geometry of these bearings on their performance, a variety of

Keywords: models such as elliptical, lobed, waved, pivoted pad and axial grooves have been introduced to market

Cylindrical Texture for purposeful improvement in their steady-state and dynamic operating conditions. In recent decade,
Hydrodynamic Journal Bearing with the development of advanced non-traditional machining equipment, the ability to create textures on
Two Lobe the bearings shell has been provided by manufacturers. Cubic, cylindrical, spherical and cone shaped

Steady- State Performance

Finite Element Method (FEM) textures can have a different effect on the performance of journal bearings. In this study, the

performance of two lobe bearings with cylindrical textures is evaluated. For this purpose, the governing
Reynolds equation of Newtonian lubrication has been investigated, regarding to the changes in the
lubricant film thickness according to the geometry and position of textures, by the FEM using the
Reynolds boundary condition for determining the cavitation zone. Then, the bearing performance is
evaluated based on the pressure distribution of the lubricant film and the location of the textures. The
results show that the location of the textures, to achieve a more favorable performance, is different for
various values of noncircularity index. Also, with increasing the bearing noncircularity, the effect of
textures formation on the bearing performance will be more noticeable.
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* Coefficient of friction

2 Wear rate

3 Load capacity of bearing

4 Stiffness and damping coefficients
® Laser textured surface

® Attitude
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&: Preload or noncircularity index

&: Eccentricity ratio

@o: Angle between bearing line
of center and vertical axis /

Ag: Corrective changes of ¢ Input Data

R: Journal radius Geometrical parameters and
L: Bearings length operating condition

C,: Minimum width of clearance 0,6, o, A,

space
M p: Distance between node on
textured in x direction
M,y: Distance between node on
untextured in x direction k
M ,p: Distance between node on +

R, L, Copy Myxp, My, Myp, My, 63

Mesh size and textures distribution
Nxp,Nzp,641,62,21,Z2, Ry, Ry, R,

textured in z direction
M,y: Distance between node on
untextured in z direction

n. th N
65: Angle of n 3 oo ]'pe of —> | Calculation of lubricant film thickness
center with Y axis

N,p: Number of cylindrical in bearing space, Eqs. (4-7)
textures in Xdirection w
N_p: Number of cylindrical
textures in Zdirection Creating the shape functions
6,: Starting point of the textured and
area along the Xaxis ok : :
6,: End point of the textured eichinzicoeficiensinatiis
area along the Xaxis Egs. (9) and (10)
z4: Starting point of the textured ‘?
area along the Zaxis
z,: End point of the textured
area along the Zaxis
R,: Radius of textures
along the axis X
R,: Radius of textures Solving the Reynolds equation and
along the axis Y determining the static pressure distribution,
R,: Radius of textures Eq. (15)
along the axis Z

Mesh generation on the bearing lobes

Rewriting the Reynolds equation on the
problem domain, Egs. (8) and (11-14)

Applying the boundary conditions, Eq. (32)

Modify the cavitation zone,
0%y and
boundarv conditions

Calculate the load carrying capacity, Eq. (16) |

Determine the new steady
state position of the
rotor center
GEL = ¢l + ag<t
Flowchart Fig. (10)

Determine the static
performance parameters of
bearing, Wy, 6, 0w, hmins Pmax
Egs. (17) and (18)

Fig. 5 The general flowchart of the numerical solution process for
analyzing the steady state performance of noncircular two lobe
textured journal bearings
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Table 2 Texture position and calculated oil journal bearing
characteristic parameters (Sy = 0.121, £ = 0.601 and 8, = 50.4)

hmin o o
©o()*  @o(°

ho. @ b
61(°) 6:(°) 2z 21 (Jlnlln) (um)

0 90 0 0.5 11.75 11.63 48.5 47.7
0 45 0 0.25 11.96 11.76 50.4 51.3
175 220 012 0.5 12.18 12.25 49 49.3
180 225 0.2 0.5 12.11 12.21 49.6 49.5
185 230 0.12 0.5 12.19 12.15 49 48.7
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Table 1 The design and lubricant characteristic parameters used in this
study for noncircular hydrodynamic two lobe journal bearing support
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Fig. 7 Effect of inner surface texture position on the thickness of the (a) lubricant fluid film and its (b) distribution of the pressure, (6 = 0.7)
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Fig. 8 Application of optimal positioning of textured surface of noncircular two lobe bearings to achieve the maximum pressure distribution, (6 =
0.6 and 0.7)
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Table 3 Textures distribution and calculated two lobe journal bearing performance parameters (6 = 0.6 and 0.05 < z < 0.95)

R_611() 01200 051 6220  @o()  Ocav-1(®) Ocav-2(®) Prax-1  Pmax2 Pmin-1  hpin-p Wy

1 - --- --- --- 77.27609 42 319 0.138088 1.36191 0.815841 0.596649 1.017752
2 10 70 --- --- 90.72454  10.01146 325 0.009985 1.11081 0.737892 0.663578 0.884585
3 40 100 --- --- 78.06570 40 322 0.136012 1.33514 0.805602 0.604858 1.011413
4 70 130 --- --- 77.27609 42 319 0.138088 1.36191 0.815841 0.596649 1.017752
5 100 160 --- --- 80.60429 42 319.5254 0.155342 1.28372 0.79872 0.610491 0.954478
6 - --- 190 250 76.39964 43.63828 319 0.130387 1.34108 0.821107 0.592483 0.989837
7 - - 220 280 7450733  41.8306 319 0.114425 1.43789 0.840247 0.577688 1.021335
8 - --- 250 310  71.41846 42 322 0.093667 1.37104 0.868545 0.556781 1.048102
9 - --- 280 340  90.96884 54 280.0115 0.357162 0.43617 0.691917 0.708198 0.189999
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Table 4 Textures distribution and calculated two lobe journal bearing performance parameters (§ = 0.7 and 0.05 < z < 0.95)

R6011(°) 612(°) 621(0) 622(0)  90o()  Ocav-1(®) Ocav-2(°) Pmax—1 Pmax—2  Amin-1 hmin-2 w

1 - --- - - 64.62237 15 322 0.005246 2.25739 0.783188 0.463823 1.676471
2 10 70 - - 67.0056 10.01146 321.356 0.000719 2.12686 0.765784 0.475655 1.585107
3 40 100 - - 64.62749 15 322 0.005254 2.25578 0.78315 0.463847 1.676192
4 70 130 - - 64.62237 15 322 0.005246 2.25739 0.783188 0.463823 1.676471
5 100 160 - - 66.40993 18 321.356  0.008031 2.15621 0.770141 0.472651 1.603692
6 - -—- 190 250 63.69615 11.8306 319 0.003823 2.19801 0.790159 0.459155 1.591776
7 - -—- 220 280  63.34248 15 319 0.003411 2.15278 0.792586 0.457565  1.55487
8 250 310 (Collision between rotor and shell) Bl satssy 51 o)z 5 590 e Gl 53555 2 0

9 - -—- 280 340  96.10564 42 280.0115 0.352767 0.36469 0.569804 0.64764  0.172642
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Table 5 Comparison of the optimum position of textures formation in the circumferential direction of noncircular journal bearing

(6 = 0.6,0.7 ) and their corresponding performance parameters

R 611 (o) 612 (o) 621 (o) 622 (o) Po (o) ecav—l (o) ecav—z (o) Pmax—l Pmax—z hmin—l hmin—2 w

1 55 115 235 295 71.299 42 319 0.092823 1.47964 0.869689 0.555951 1.093035

2 735 1335 --- - 64.54684 15 322.5 0.005177 2.26227 0.783527 0.463557 1.681396
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Fig. 10 Circumferential pressure distribution of bearings oil film

lubricant based on the Reynolds boundary condition assumption
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Vs,
ITN
Iteration number
i
Lobe number
ITNMAX
Maximum iteration number

NL
Number of bearing lobes

Pressure Film

ITN = 0,IP = 0,IN =0
Wy = 9999, Wy = 9999

A¢
Angle correction factor

—>| ITN=ITN+1, i=0, Fxo=0, Fro=0 I

[t o

| Calculate the static pressure of the lubricant film (p,) I

]

Determine the load components
Fxo = Fxo + Fxo
Fyro = Fyo+ Ffy

| ®=p+4p | | b=0¢-40 |

Fig. 11 Applied flowchart for determining the static equilibrium
position of the rotor in the bearing clearance space with specified
eccentricity ratio to achieve the vertical resultant external load
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