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Abstract

It was demonstrated earlier that for laminar, isothermal flow of the lubricant in long journal

bearings, inertia has negligible effect on the load carrying capacity and influences only the

stability characteristics of the bearing. The question in the present paper is: ‘will these conclu-

sions of the isothermal theory remain valid in the presence of significant dissipation, or will

lubricant inertia and dissipation interact non-linearly to bring about qualitative changes in

bearing performance ? The results obtained here assert that the effect of lubricant inertia on load

carrying capacity remains negligible, irrespective of the rate of dissipation. The stability of the

bearing is, however, affected by lubricant inertia. These results, although obtained here for long

bearings with Sommerfeld and Gumbel boundary conditions, are believed to be applicable to

practical bearing operations and affirm that bearing load may be calculated from classical, i. e,

non-inertial theory.
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Table 1 Variation of nondimensional force f and nondimensional stiffness % with number of splines

(( =0, 0(2 e=0.3, Re=900)
Bound
Our} .ary N f kxx kxy kyx /fyy
conditions
10 17.8795 1.0412 59.5336 —60.4775 2.6869
12 17.8763 1.0389 59.5289 —60.4586 2.6866
S.B.* Present
14 17.8763 1.0389 59.5288 —60.4575 2.6866
16 17.8763 1.0389 59.5287 —60.4574 2.6866
Dai et al.** - - 17.8508 1.0273 59.4472 —60.1967 2.6748
10 8.7819 12.4030 28.8513 —-30.7534 4.9543
12 8.7827 12.3701 28.8559 —30.7559 4.9385
G.B. Present
’ 14 8.7827 12.3689 28 .8564 —30.7545 4.9380
16 8.7827 12,3687 28.8567 —30.7547 4.9379
Dai et al. - - 8.7558 12.0317 28.8116 —30.6268 4.6663

*S.B: Sommerfeld boundary
G.B: Gumbel boundary
**Dai, Dong & Szeri(1992)
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Table 2 Comparison of nondimensional force f
for present, Dai et al.* and DiPrima** at

rle

different eccentricity ratios and
Reynolds numbers (¢/#1=0.002, E=
0.0)
2 Re (/&) present S &) pas (f#) piprima
0.1 10 0.0038 0.0039 0.0038
100 0.0384 0.0389 0.0382
500 0.1919 0.1942 0.1910
900 | 0.3454 0.3502 0.3438
0.3 50 0.0448 0.0446 0.0446
100 (0.0896 (.0892 0.0892
500 0.4478 0.4461 0.4461
900 0.8059 0.8029 0.8030
0.5 56*7 0.0374 0.0406 0.0372
100 0.0749 0.0746 0.0745
500 0.3746 0.3727 0.3724
900 0.6742 0.6708 0.6702
0.7 50 -0.0127 -0.0121 -0.0122
100 -0.0253 -0.0242 -0.0244
500 -0.1257 -0.1211 -0.1220
1100 -0.2756 -(.2660 -0.2683

*Dia, Dong & Szeri(1992), numerical
**DiPrima and Stuart (1972), small perturbation
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Table 3 Combined effects of inertia and viscous dissipation on load carrying capacity f

(c/n=0.002, €=0.5)
Boundary Re Eckert Number
condition 0.0 0.005 0.01 0.02
1 30.5458 - - - - - -
100 30.5460 13.7543 - - -
Sommerfeld
500 30.5489 13.8520 10.3445 7.2941
900 30.5556 14.0294 10.3745 7.4204
1 16.3054 - - - - -
100 16.2960 8.4880 - - - -
Gumbel
500 16.2588 8.4685 7.0058 5.4392
900 16.2230 8.4364 7.0032 5.4210
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Fig. 5 Variation of stiffiness with Reynolds number at constant Eckeret number

Table 4 Combined effects of inertia and viscous dissipation on load carrying capacity f
(¢/rn=0.002, =0.5, fixed inlet temperature)

Boundary Re Eckert Number
condition 0.0 0.005 0.0007 0.001
1 30.5435 - - - - - -
200 30.5449 28.6581 28.2305 - -
Sommerfeld
300 30.5453 29.0554 28.7022 27.9896
400 30.5467 29.3211 29.2150 28.4256
1 16.3153 - - - - -
i 200 16.2952 15.5551 15.4039 - -
Gumbel
300 16.2859 15.6547 15.5168 15.2398
| 400 16.2676 15.7377 15.73987 15.4107
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