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ARTICLE INFORMATION ABSTRACT
Original Research Paper Today, oil journal bearings are widely used as an efficient support for rotary systems in various
Received 10 August 2017 industries. When these bearings are used by loading in high speed conditions, whirling disturbances in
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€ ’ the rotor motion status leading to collisions and abrasion is probable. Designing specific geometric
Auvailable Online 15 December 2017

shapes or applying industrial lubricants with different new combinations can affect the journal bearings
Ke ; ability to maintain their dynamic stability in critical situations. From this view, the use of non-circular
ywords: . . S s L . .
Noncircular Hydrodynamic Journal Bearing bearings and non-Newtonian fluids in the field of lubrication has recently been heavily taken into
Power Law Lubricant consideration. In the present study by choosing non-Newtonian lubricant simulated by power law fluid
Dynamic Stability Analysis model, the effects of design parameters such as eccentricity ratio, aspect ratio and power law index on
dynamic stability of noncircular two, three and four lobe bearings are investigated. For this purpose,
assuming the limited cycle oscillations of the rotor around the equilibrium point after damping the
effects of initial imposed disturbances and using finite element numerical method to solve the governing
equations, stability range of the system in form of linear dynamic analysis characteristics is determined
based on the whirl frequency ratio and critical mass parameter. The results indicate that by increasing
the power law index and decreasing aspect ratio, the dynamic range of bearing support will be
developed. Also, by increasing the number of noncircular bearings lobes with power law lubricant and
providing the system's positioning conditions in high values of eccentricity ratio, more ability to
damping dynamic disturbances can be achieved.
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Fig. 3 Effect of eccentricity ratio on whirling frequency ratio for
noncircular two, three and four lobed bearings (6 = 0.5) lubricated
with power law fluid, (v = 1.0,n = 0.6 )
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Fig. 4 Effect of eccentricity ratio on critical mass parameter for
noncircular two, three and four lobed bearings (6 = 0.5) lubricated
with power law fluid, (v = 1.0,n = 0.6)
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different eccentricity ratios, (§ = 0.5,v = 1.0) (a)Two lobe, (b)Three
lobe and (c)Four lobe noncircular bearings
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Fig. 8 Effect of power law index on critical mass of rotor at
different eccentricity ratios, (§ =0.5,v =1.0) (a)Two lobe,
(b)Three lobe and (c)Four lobe noncircular bearings
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Fig. 10 Effect of power law index on critical mass of rotor at different
aspect ratios, (6§ = 0.5,6 =0.5) (a)Two lobe, (b)Three lobe and
(c)Four lobe noncircular bearings

wilises sl o (sl 5589, (S oz bl 2 Yosh el 236 10 g
(€) 5 A an(b) «d 93 () yooopé JUyss slag,BLL(S = 0.5, =0.5)

kz

252



Ul 9 (SLBub) Soxo

Y9 ISl Jlaww b 13T 5938 jat JU g3 SOBLL SSaelias 1l 21 SSSl9) 9 AL S Mol ity

159y iliel ce pur glaadlse X,y
Sl ket Ll Sealus wulys Zij (i,j=XY)
PRIV
oS S Gl p e Y = wp/w
ook 5 § =cp/cC
B SR e=efcy
() e s ;
(rad) slugl; olaise 6=X/R
Sz bopll Iy e S el G sl ol
(rad) X ,sme e 0
(rad) pll J 5,5 a5 61
(rad) ol J oLl sasl; 05
(rad) SoxeS sl Oav
OBLL ,hd &y Job o v=L/D
S e ol T
VX Gl 5o php 5 Tyx
VZ sbly jo sy i Tyz
Z e Jo> 559, w2 Sl e w
Js> 859, 35 o clalacel am e Glagly ce w
Sl Jolas alais :
&lp-T

[1]G. Dubois, F. W. Ocvirk, R. Wehe, Study of Effect of a Non-Newtonian Oil

on Friction and Eccentricity Ratio of a Plain Journal Bearing, National
Aeronautics and Space Administration, NASA TN D-427, pp. 1-43, 1960.

[2]H. Horowitz, F. Steidler, Calculated performance of non-Newtonian lubricants
in finite width journal bearings, ASLE Transactions, Vol. 4, No. 2, pp. 275-
281, 1961.

[3]R. Tanner, A short-bearing solution for pressure distribution in a non-
Newtonian lubricant, Journal of Applied Mechanics, Vol. 31, No. 2, pp. 350-
351, 1964.

[4]Y. Hsu, Non-Newtonian flow in infinite length full journal bearing, ASME
Journal of Lubrication Technology, Vol. 89, No. 3, pp. 329-333, 1967.

[5]H. Hayashi, S. Wada, Hydrodynamic lubrication of journal bearings by
pseudo-plastic lubricants: Part 3, theoretical analysis considering effects of
correlation, Bulletin of JSME, Vol. 17, No. 109, pp. 967-974, 1974.

[6]S. Swamy, B. Prabhu, B. Rao, Calculated load capacity of non-Newtonian
lubricants in finite width journal bearings, Wear, Vol. 31, No. 2, pp. 277-285,
1975.

[7]1S. Swamy, B. Prabhu, B. Rao, Stiffness and damping characteristics of finite
width journal bearings with a non-Newtonian film and their application to
instability prediction, Wear, Vol. 32, No. 3, pp. 379-390, 1975.

[8]S. Swamy, B. Prabhu, B. Rao, Steady state and stability characteristics of a
hydrodynamic journal bearing with a non-Newtonian lubricant, Wear, Vol. 42,
No. 2, pp. 229-244, 1977.

[9]Z. Safar, G. Shawki, Performance of thrust bearings operating with non-
Newtonian lubricating films, Tribology International, Vol. 12, No. 1, pp. 31-33,
1979.

[10] S. Tayal, R. Sinhasan, D. Singh, Static analysis of hydrodynamic journal
bearing having non-Newtonian lubricants by finite element method, ASLE
Transactions, VVol. 25, No. 3, pp. 410-416, 1982.

[11] I. Dien, H. Elrod, A generalized steady-state Reynolds equation for non-
Newtonian fluids, with application to journal bearings, Journal of Lubrication
Technology, Vol. 105, No. 3, pp. 385-390, 1983.

[12] K. Raghunandana, B. Majumdar, Stability of journal bearing systems using
non-Newtonian lubricants: A non-linear transient analysis, Tribology
International, Vol. 32, No. 4, pp. 179-184, 1999.

[13] O. Pinkus, M. Lynn, Analysis of elliptical bearings, Transactions ASME,
Vol. 78, No. 16, pp. 965-976, 1956.

[14] M. Malik, R. Sinhasan, M. Chandra, Design data for three-lobe bearings,
ASLE Transactions, Vol. 24, No. 3, pp. 345-353, 1981.

[15] A. D. Rahmatabadi, R. Rashidi, Effect of mount angle on static and dynamic
characteristics of gas-lubricated, noncircular journal bearings, Iranian Journal
of Science and Technology, Transaction B-Engineering, Vol. 37, No. B3, pp.
27-37, 2006.

253

5o 59 SLaglibl s iy 236 (535 30 5l 29,5 o SV polie 5o
O35 Yyl ol Gl 8l L ol sy dhate a4y azgi b aSl
£ i b locd jgmared (slap BBl (Sealis (sl (slos e S
6=l (N>1.0) S 51 51,5 Y sl il b 2abdbls a4 Sa 3l LISl
JG)e5 sl BLL clacd slas Ol L ol mls al -4

it el ez 0 59 5 sl Jloo b (s S005, S ppae
59 00l olonl Ol sy 51 (Ul Cul ol g0 S (Solns (5 5lky
S SSlg,y e glodasein ¢ HBLL awain b casliie jemme Jolsd Condy
S o ez JUss SLIBL olSa S5 ekl S5 & e & il e
etz lsliacel (ogai T jo 00l b5, 6 05 ,L 5 5,y Loyl

el gy 2 3590 Ell b 5l 589, (5 > Candg o

e S yg8 -6
(m?) el s A®
sy whd (plee v o5l Bij (1j=XY)
Sa Oe ) S e C™M
(m) 6L s D
(N) (Ssbial (55,25 sloailse Fxo, Fyo
(N) (Salzs (59,5 sloailge Fx, Fy
(M) Sy, whed Corlies h
S g ek Cuwlies H
(m) oBLL Jsb L
(Pa.s™) & 55l ol m
A 9,99 P07 M
boss &b Nk
RITIREEY n
Sl o clao,F sluss Ne
Sl Sl )3 5920 55 50 Ojo
Seabos S 55 5950 35 50 Oj
(%) )&‘9) )L“‘s P
() JEISTRNG Po
(3%) Saslezs cllo o iy, s Pg
(25) 5 5o 5o b o Pm
(3%) SKoobars s slaailye B,
ax Gy Las P
als el sae S=1/(z.W)
Sy ok (St dwr 9 2 Sij (1J=XY)
() oo t
(?) SygPee Sy adlle u
(3) ot o w
Sl o dmr ooy 2o b W
laise sl sme XY,z
a4 o gy, calizél ololr slaadlse XLy
Sl

12 oplouis 17 ©)93 1396 suawl ()3 SHlse Swdie



Ul 9 (SLBub) Soxo

Y9 ISl Jlaww b 13T 5938 jat JU g3 SOBLL SSaelias 1l 21 SSSl9) 9 AL S Mol ity

two lobe journal bearing with micropolar lubricant, Modares Mechanical
Engineering, VVol. 15, No. 5, pp. 115-126, 2015. (in Persian w8

[19] S. Kango, R. K. Sharma, Studies on the influence of surface texture on the
performance of hydrodynamic journal bearing using power law model,
International Journal of Surface Science and Engineering, Vol. 4, No. 4-6, pp.
505-524, 2010.

[20] T. Osman, G. Nada, Z. Safar, Static and dynamic characteristics of
magnetized journal bearings lubricated with ferrofluid, Tribology International,
Vol. 34, No. 6, pp. 369-380, 2001.

12 o )lais 17 095 1396 sl (w30 SilSo uwdise

[16] J. Koravadi, K. Raghunandana, A. M. Chincholkar, Performance
characteristics of two-lobe bearings operating with non-Newtonian lubricants,
Journal of Solid Mechanics and Materials Engineering, Vol. 1, No. 4, pp. 421-
430, 2007.

[17] M. Z. Mehrjardi, A. D. Rahmatabadi, R. Rashidi Meybodi, Effects of mass
unbalance of rotor on the dynamic stability of two lobe noncircular
hydrodynamic journal bearing with micropolar lubricant, Modares Mechanical

Engineering, Vol. 15, No. 7, pp. 160-172, 2015. (in Persian .. ,13)

[18] A. D. Rahmatabadi, M. Zare Mehrjardi, R. Rashidi Meybodi, Investigation
of preload effects on the linear and nonlinear dynamic analysis of noncircular

254



