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Abstract — A parametric study of the thermal effects of a half-circumferential grooved journal bear-
ings under aligned and misaligned conditions has been carried out by solving numerically the coupled
Reynolds and energy equation system. Five different sets of boundary conditions for the energy
equation have been used which include mixing between recirculating o1l and inlet o1l and a contrac-
tion ratio for the cavitation region. The effects of changes of the inlet oil temperature and pressure,
the wall temperature and the L/D ratio have also been examined. For the range of parameters found
in internal combustion engines, the mixing effectiveness at the groove and the resulting final mixture
temperature have been found to be as important as the wall temperature and the heat transfer rate.
The variability of the temperature, though, has been shown to smooth out the peaks of both pressure
and friction during misaligned condition Distributions of friction and pressure in the oil are also
examined which may be useful in attempts to reduce friction without reducing load. Results for an
axial grooved bearing are also presentsed for comparision purpose.
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Table 1 Journal Bearing Operating Conditions
(Laminar Flow)

Bearing Diameter D ==100nm

L/D Ratio 0.8 and 0.5

1/L Ratio 0.2857, i.e. 2/7
C/R Ratio 0.0029
Eccentricity Ratio e=0.8
Rotational Speed N==2000rpm
Lubricant Viscosity at 40C  x,==0.0277 Pa. S
Temperature-Viscosity e =0.033C
Coefficient

Lubricant Density at 40C p =860kg/m?
Lubricant Specific Heat C,=2000J/kgC
Convection Heat Transfer Hyo=500W/m? C
Coefficient of Lubricant

to the Bush

Convection Heat Transfer »e=50W/m?C

Coefficient of Gas (air)
to the Bush

Convection Heat Transfer
Coefficient of Lubricant
to the Shaft

Thermal Conductivity of Oil
Thermal Conductivity of Air  K,.==0.025W/mC
Bush and Shaft Temperature T, ;=45C
T:»=40T
Pa=0,7X10°Pa

H,=1300W/m*TC

Ko=0.13W/mC

Inlet Lubricant Temperature

Inlet Lubricant Pressure

Axial Groove Width 17.1(a grids size)
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Table 2. Non-Dimensional Load, Frition and Axial Leakage, as Well as the Maximum Film Pressure(in
MPa) and Temperature(in C) for an Aligned Bearing with a Half-Circumferential Groove,
Operating at the Conditions Specified in Table 1 with L/D=0.8 The Corresponding Values
for the Axial Groove are Given in Parentheses.

Boundary Case #1 Case $#2 Case #3 Case #4 Case #5
Conditions (Isothermal) (Adiabatic, (Convective, (Adiabatic, (Convective,
No Mixing) No Mixing) Mixing) Mixing)
Load 14.3 11. 8 1.7 10. 6 10. 9
(14.7) (12 4) (12. 2) av 7 (11 8)
Friction 24. 3 18. 3 18 6 16. 7 17. 2
(25. 2) (19. 6) (19. 6) (18 5) (18 9)
Axial 57 6.6 6.5 7.2 6.9
Leakage (9.3 (97 (9.6 (10. 5) (10. 2)
Max. Oil 6. 5 53 53 49 50
Pressure (6.7 ( 5. 5) (5 4) (52 (52
Max. Oil 40. 0 59. 5 56. 3 62. 1 57. 7
Temperature (40. 0 (58.7) (56. 0) (59. 8) (56. 5)
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Fig. 7. Pressure and Non-Dimensional Friction Distribution and Cavitation Region for an Aligned bearing
with the parameters Specified in Table 1 and Isothermal Conditions(Case # 1).
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44 A4, D.P.LALAS

Table. 3. Non-Dimensional Load, Friction and Axial Leakage,as well as Maximum Film Pressure(in
MPa) and Temperature(in C) for an Aligned Bearing with a Half-Circumferential Groove,
Operating at the Conditions Specified in Table 1 with L/D=0.8 and Shaft wall Tempera-
tures as Indicated. The Corresponding Values for Axial Groove are given in Parentheses.

Boundar Case #1 Case #2 Case #3 Case #4 Case #5
Conditi )rlls (Isothermal) (Adiabatic, (Convective, (Adiabatic, (Convective,
onditio No Mixing) No Mixing) Mixing Mixing)

a. Wall Temperature=20C

Load 143 11 8 13.5 10.6 130

(14 7) (12. 4) (13. 9 (1L 7) (13. 9
Friction 24.3 18. 3 217 16. 7 212

(25. 2) (19. 6) (22.7) (18 5) (22.7)
Axial 57 6. 6 6.0 72 61
Leakage (9.3 (9.7 (94 (10. 5) (9.6
Max. Oil 6.5 53 6. 1 49 59
Pressure (67 ( 5.5) (63 (52 (6.3
Max. Oil 400 59. 5 47.9 62 1 48. 5
Temperature (40. 0) (58.7) (47. 8) (59. 8) (47. 8)

b. Wall Temperature =45C (see TABLE 2)

c. Wall Temperature =80T

Load 14. 3 11 8 9.7 10. 6 87

(14. 7) (12 4) (97 (1L 7 (89

Friction 24.3 18 3 14. 8 16. 7 13. 3

(25. 2) (19. 6) (15. 6) (18 5) (14 4)

Axial 57 6 6 72 72 82

Leakage (93 (97 (10. 0) (10. 5) (1L 4)

Max. Oil 6.5 53 4.3 49 40

Pressure (67 ( 55) (4.2 (52 (39

Max. Oil 40. 0 59. 5 70. 3 62 1 72. 0

Temperature (40. 0) (58 7) (70. 1) (59, 8) (7L 2)
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Table 4.Non-Dimensional Load, Friction and Axial Leakage, as well as Maximum Oil Film Pressure
(in MPa) and Temperature(in C) for an Aligned with a Half-Circumferential Grooves

Operating at the Conditions Specified in Table 1 and with 1./D=0.8 and Inlet Oil

Temp-

eratures as Noted. The Reference Viscosity Coefficient Used in the Non-Dimensional Load
and Friction is the One for 40C for all Inlet Temperatures to Facilitate Comparison. To
Obtain the Values with the Reference Viscosity Being the One at the Corresponding Inlet
Temperatures, the 20C Inlet Should be Multiplied by 0. 1847 and the 80C Ones by 1 629,

The Wall Temperature is 450

. The Corresponding Values for Axial Groove are Given in

Par entheses.
Bound Case #1 Case #2 Case £3 Case #4 Case #5
Conzita'ry (Isothermal) (Adiabatic, (Convective, (Adiabatic, (Convective,
1ons No Mixing) No Mixing) Mixing) Mixing)
a.Inlet Temperature = 20T
Load 785 37.8 36.3 332 330
(80. 4) (43 8) (41 1) (38 4) (36. 8)
Friction 130. 8 52. 3 51 4 457 45 5
(137. 0) (67. 6) (65. 0) (58.9) (57. 9)
Axial 43 5 9 57 6.0 5.5
Leakage (72 (80 (7.9 (86 (84
Max. Oil 352 16. 9 16, 2 15. 5 15. 2
Pressure (36. 4) (17. 7 (16. 6) (15. 8) (15. 2)
Max. Oil 20. 0 73.9 68. 3 75. 6 77. 1
Temperature (20. 0) (71 8) (67 2) (73. 0) (67 8)
b. Inlet Temperature=40C (see TABLE 2)
c. Inlet Temperature==80C
Load 87 7.7 87 7.2 87
(89 (80 (9.0 (7.7 (90
Friction 15. 1 125 16. 9 1.7 16. 9
(15 4 (13 0) (17.9) (12. 5) (17. 9)
Axial 6. 9 7.6 6. 9 83 6.9
Leakage (10. 9) (1L 3 (10. 9) (12 0) (10. 9)
Max. Oil 40 35 40 33 40
Pressure (41 ( 3.6 (41 (35 (41
Max. Oil 80. 0 931 80. 2 95. 2 80. 2
Temperature (80. 0) (92 8) (80. 2) (93. 7) (80. 2)
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Table 5.Non- Dimensional Load, Friction and Axial Leakage, as well as the Maximum Film pressure
(in MPa) and Temperature (in C) for an Aligned Bearing with a Half- Circumferential

Groove, Operating at the Conditions Specified in Table 1 with L/D=0, 8
The Corresponding Values for P;,=0 07 MPa are Given in Par-

Pressure P;,=0. 2 MPa.

and Oil  Inlet

entheses.

Bound Case #1 Case #2 Case #3 Case #4 Case #5
Coug'ta.ry (Isothermal) (Adiabatic, (Convective, (Adiabatic, (Convective,
onditions No Mixing) No Mixing) Mixing) Mixing)
Load 139 11 8 1L 7 10. 9 1L 0

(14. 3) (11 8) (1L 7 (10. 6) (10. 9)
Friction 24. 7 19. 3 19. 4 17. 8 18 1
(24.3) (18 3) (18 6) (16. 7) (17. 2)
Axial 9.4 10. 4) 10. 3 12. 4 1L 9
(57 (66 ( 65) (7.2 (69
Max. Oil 6. 6 55 5 4 5 2 52
Pressure ( 6.5) (53 (53 (49 (50
Max. Oil 40. 0 58 5 55. 8 60. 3 56. 7
Temperature (40. 0) (59. 5) (56. 3) (62. 1) (57.7)

1 em
— = 32 m/sec

é. Half~circumferential groove, P, = 0.2 KP3

Fig. 9. Average Velocity Field of the Lubricant in
an Aligned Bearing for Convecting Walls
With Hign Convective Heat Transfer Coeffi-
cients and mixing at the Groove(Case 3 5)
Under the Parameters Given in Table 1(One
Centimeter Corresponds to 32m/sec).
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Table 6. Non-Dimensional Load, Friction and Axial Leakage, as well as the Maximum Film
Pressure(in MPa) and Temperature{in C) for an Aligned Bearing with a Half- Circumfer-
ential Groove, Operating at the Conditions specified in Table 1 with L/D=0.5 The Corre-
sponding Values for L/D=0.8 are Given in Parentheses.

Bound Case #1 Case # 3 Case # 5
oundary (Isothermal) (Convective, (Convective,
No Mixing) Mixing)
Load 53 4.4 42
(14. 3) aLn (10, 9)
Friction 14 6 115 10. 8
(25. 2) (18.6) (17. 2)
Axial Leakage 59 6.5 73
(57 (6.5 (6.9
Max. Oil 43 35 34
Pressure ( 6.5) (53 (50
Max. Oil 40. 0 55. 4 56. 1
Temperature (40. 0) (56. 3) (57.7)
ShE e wlofel HalekRo. Ao 2wiE AT mpara 3-4 BAEES A
O 40t A Hodck EA #13F #3901 #5 4kl ole] Aot LB R Fal B1Fol| 2Fhe] xefd
7b #zbz|e| Wsleke- /Dol w7h 10]3kl A= L/D wloJBle| 20 bl AbefollA] g 4 olvf ol#]
o wslell mbAl 2] oda 22 7S B Qic gt oA TE ¢ od2] 734}= (Degree of misalignment
T T e T T I e T T L e T T
-« skl groove L «= skl groove = onki greeve
25—‘ s 25 -1 -
friction(F)
LE S——— e - 20 4 friClionLF)._-_. -]

. 10 N
------------------------------ i axial leakage(Qz)
axial leakage(Qz)] axiol leokoge(Qz)ﬂ

. —

4

-

5 - 5 - 51 .
E 1
casv |1, lsotnermal 1 cane 3, convecllng, no mixing cave |5, convecling, mixing
o - 0 0
— T A —r—— T
Q.o 0.2 0.4 0.6 0.8 1.0 o 0.2 0.4 0.6 Q.8 1.0 o 0.2 0.4 0.6 0.8 1.0

Degree of misolignment( Din ) Degroe of misalignmenl( Dm ) Degroe of misalignmeni{ Dm )
Fig. 10a Isothermal conditions Fig. 10b Convecting, no mixing conditions Fig. 10c Convecting, mixing conditions

Fig. 10. Non-Dimensionalized Load Capacity, Friction and Axial Leakage Vs. Degree of Misalignment

for a Bearing Operating under the Conditions of Table 1 with Misalignment Direction Angle
$=0.
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Fig. 11e Non-Dimensional Friction Distrbution, Case #1. Fig. 11d Non-Dimensional Friction Distribution, Case #5.

Fig. 11. The Pressure, Temperature and Non-Dimensional Friction Distributions and Cavitation Region
for a Semi-Circumferential Grooved Bearing Operating at the Condition of Table 1 with Degree of

Misalignment, 0.8 and Misalignment Directional Angle, ¢ =0.
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NOMENCLATURE

: radial clearance between journal and its

bearing(m)

: specific. heat of lubricant(K]/KgC)
: bearing diameter(m)
: degree of misalignment(the percentage re-

duction of minimum film thickness at the
bearing ends)

: eccentricity(the offset distance between

journal and bearing centers)

: friction force(IN)
: non-dimensional friction forece

=(F/LD) l(c/R)/ #,N} (L/D)

: oil film thicknes(m)

s: convection heat transfer coefficient at bush

and shafty(W./mT)

: non-dimensional film thickness =h/c

: thermal conductivity of the fluid(W/mT)
: half-circumferential groove width(m)

: bearing length(m)

: contraction ratio in the cavitation region
: rotational speed(rpm)

: fluid hydrodynamic pressure(Pa)

: non-dimensional pressure: p(C/R)Z/ #,N
: inlet pressure(Pa)

:inlet flow in the bearing groove(m'/s)

: recirculating flow(m’/s)

: lubricant side leakage(n’/s)

: non-dimensional lubricant side leakage

Q JoRZ)
NCR

:journal bearing radius(m)

: temperature(C)

:inlet film temperature(C)

: reference temperature="T,,(C)

: oil temperature on the downwind side of a

groove(C)

: non-dimensional temperature

=(# Co( R)* #,N)(T-To)

: bush temperature(C)

: temperature of the recirculating fluid(C)

: temperature of the shaft('C)

: speed of the journal(m/sec)

: velocity components in the circumferential

and axial directions, respectively(m/sec)

Vol. 6. No. 1. 1990
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: applied load (N)
: nondimensional load parameter

W L
=ﬁ(%)(3)/ H# N

: coordinates of circumferential, radial and

axial directions, respectively

: nondimensional coordinates(# =x/R, z=

z/R)

: viscosity-temperature coetficient(l/C )
: eccentricity ratio=e/c

: lubricant viscosity (Pa.s)

:inlet lubricant viscosity (Pa.s)

24

Ty

: lubricant density(Kg/ m’)
: attitude angle, 1.e., angle between the line of

centers and the axial plane containing the

load vector
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