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Thermo-elasto- as (?ther related engineering tasks such as engine power upgrading, reverse
hydrodynamic (TEHD) demgnlng, and bearing fa!lure ana'ly51s. So, many attempts have been made
to simulate accurate engine bearings. In this paper, results of a thermo-
elasto-hydrodynamic (TEHD) analysis of a connecting rod big end (BE)
. bearing of a heavy duty diesel engine are presented. Here, the oil film
BE bearing, viscosity is considered a function of oil's local temperature and pressure.
Diesel engine. Effects of flexibility of bearing shell and connecting rod structure are also
considered. Therefore, the computed oil film pressure and temperature
distributions are relatively precise. In the proposed analytical procedure, at
first, elasto-hydrodynamic (EHD) analysis is carried out and the averaged
fluid velocity in the bearing is obtained. Then, the averaged heat transfer
coefficient between oil film and crank pin is calculated, which is used as an
input in TEHD analysis. Results of EHD and TEHD analyses are compared
with each other and the main characteristic parameters in bearing design are

reported and interpreted.
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Nomenclature f_ : Condensed vector of forces and moments
0/on : Normal differential

A, B, C, D, E and F: Rodermund parameters
B;: Biot number (heat transfer coefficient)

*
[ : Vector of connecting forces and moments

f “ . Vector of external loads

C_R3 Bearing radial clearance f 8795 . Vector of condensed gyroscopic terms f e :
D : Condensed damping matrix of a body Vector of condensed rigid body acceleration

e, and e,: Eccentricity in x and y directions h: Clearance

f}, f; and f;: Constants of Dowson-Higginson's equation K - Condensed stiffness matrix
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M : Condensed mass matrix of a body
q, : Vector of condensed generalized displacements

Ty: Temperature in reference condition

T,: Ambient temperature

Tg: Surface temperature

u: Oil film velocity in x direction

ughen: Circumferential velocity of bearing shell
Ujoumal: Circumferential velocity of journal shaft
X: x direction

z: Axial position at each point of bearing

o, and a,: Miss aliment in x and y direction

B: Angular position at each point of bearing

4: Radial deformation of bearing surface

1: Dynamic viscosity

6: Oil fill ratio

T, sperity - Shear stress in surface roughness

po: Density in reference condition

H. Chamani, et al.

1. Introduction

The market competition between engine
manufacturers and component suppliers has led
to demand for higher bearing lifetime and lower
bearing failure. Therefore, an accurate and
exact analysis method of lube oil film
performance of the engine bearings seems to be
vital.

Effect of elastic deformation of bearings on the
performance of crankshaft bearings has been
studied by many researchers ([1]-[17]), which
shows it was a key factor in the analysis of
these bearings. Elasto-hydro-dynamic (EHD)
analysis method is a powerful tool for studying
oil film lubrication performance in the engine
bearings. In this analysis, the stiffness of
bearing shell and housing as well as the special
geometrical properties of the bearing shell and
journal, such as bearing profile, special pressure
boundary condition, and oil supply can be
considered in simulation. Furthermore, the
effect of bearing shell profile due to bearing
assembly and/or manufacturing issues can be
accounted in an EHD analysis ([1] -[3]). In this
type of analysis, beside the orbital path of
journal relative to bearing shell, the oil film
pressure variations, which is emanated by the
applied bearing forces, lead to bearing
deformation and change its clearance. On the
other hand, the clearance variations lead to
change in the oil film pressure distribution and
this iterative analysis extends the oil film
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pressure distribution over a larger surface of
bearing.

In  thermo-elasto-hydrodynamic (TEHD)
analysis, effects of the local oil film
temperature variations are also taken into
account. This method has been used by some
researchers ([4][8]) in the oil film performance
analysis of BE bearings in spark ignition (SI)
engines. A numerical method for the transient
TEHD analysis of oil film in BE bearing of an
SI engine was presented in [6]. In [5], the
results of TEHD analysis of a connecting rod
BE bearing were compared and validated with
the experimental data for the conditions of low
working temperature as well as the bearing
radial clearance of higher than 50 d.

In some of the previous works ([3], [4] and [7]),
an EHD simulation model has been performed
to predict the frictional losses in journal
bearings. In a recent work [9], this simulation
model was extended to a TEHD simulation to
consider the effect of local temperatures on the
bearing. Detailed comparisons of the results
between these models showed that, to have full
film lubricated and even slightly mixed
lubricated operating conditions, the inclusion of
local temperature results in rather small
corrections to the properties should be studied.
A study including the thermal effect on the
bearing and/or crankpin, and the elastic strain of
the bearing due to the pressure field was
presented in [4]. A numerical study was
presented for thermo-elasto-hydrodynamic
comportment of the rod bearing, subject to
dynamical loading. It was found that, for the
studied cases, the TEHD modeling did not bring
much higher precision than isothermal EHD
modeling, like mentioned in the study one year
ago in [10], which was in automotive engine
with four cylinders in line. In [11], a thermo-
elasto-hydrodynamic study was presented, in
which the influences of the boundary conditions
were analyzed. During the same time, in [12],
an experimental study was performed for the
heating effects on the connecting rod bearings.
In the same context and in the same year, a
TEHD study was performed [13], which
showed the influences of the heating and
mechanical effects on the behavior of a big end
journal of the diesel engine Ruston-Hornsby 6
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VEB Mk-III, whose study was undertaken
before by [14] and thereafter by [I5].
Considering TEHD  analysis is  more
recommended in the engines working under
severe  conditions  for  predicting the
performances of bearings in internal
combustion engines.

In this paper, at first, the lube oil film analysis
of connecting rod BE bearing of a heavy duty
diesel engine is performed by EHD method.
Then, the convective heat transfer coefficient
between lubricant and bearing shell and also
journal is calculated by EHD analysis results
and used as an input boundary condition in
TEHD analysis. Here, the oil film viscosity is
considered a function of oil's local temperature
and pressure. The effects of flexibility of
bearing shell and connecting rod structure are
also considered. The results of EHD and TEHD
analyses are compared and the main
characteristic parameters in bearing design are
reported and interpreted thoroughly. More
details about the proposed method are presented
below. AVL\Excite software [16] is a powerful
tool in bearing analysis that is employed for
EHD and TEHD analyses of connecting rod BE
bearing in the current work.

2. Theory of TEHD analysis of oil film

In EHD analysis, the effect of elastic
displacements of the bearing shells and its
housing has to be included. The oil film
thickness (h) is expressed by Eq. (2) in the
consideration of the initial geometrical
clearance, misalignment of journal, and elastic
deformation of bearing structure.

h(ﬁ,z)zCR—(eA+a‘Z)cos,B+ (D
—(ey +aAZ)sin,B +6(B,2)

It should be noted that parameter o is the radial
deformation of the bearing surface obtained
from the nodal displacements of the bearing
surface along the radial and circumferential
axes. The nodal displacements of the bearing
surface are determined by solving the equations
of motion (Eq. (2)) for the condensed FE model
of bearing structure as follows:
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Mg, +Dg,+Kq,=f +f+

\ oo ot @
EHD method is based on solving the Reynolds
equation (3) [16] in bearing surface. Equation
(3) includes a mass conserving cavitation
model, which is reflected by the additional
variable called clearance fill ratio (0). For 6=1,
the equation will become the ordinary Reynolds
equation. Reynolds equation is solved for
pressure (p) in the lubrication region and filling
factor (0) in the cavitation region. The filling
factor serves to model the cavitation effects. It
is defined as the fraction of volume filled with
oil to the total volume. Fill factor equal to one
indicates that the gap is fully filled with oil and
zero indicates a completely empty gap.

ofon a), ofon @) _
ox\12nox ) o0z\12n oz
_(u1+u2j6(0h)+8(0h)

2 ox ot

3)

In TEHD analysis, the oil viscosity depends on
oil's local temperature and pressure. In this
method, the energy equation is also solved as
well as Reynolds equation. The energy equation
of the oil film considers heat convection in all
three directions and heat conduction in the
radial direction [16]. In addition to oil film
compression, viscous heating and friction
power loss, due to surface roughness contact,
are considered in the calculations. With
considering all of the above terms, the oil film
equation is formulated as follows [16]:

or _or _oT 1
—tU—+W—t=.
ot ox 0z h

_ B B B =
(4)
+£.6—p\,,.(6—p+ﬁ.a—p+ Vv.a—pj— d ‘6 T
P
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To do thermal analysis of the bearing housing,
temperature continuity, heat flow, and Biot
boundary conditions in internal surface are used
according to Eq. (5). Journal temperature is
assumed to be constant as an input to the
analysis.

sy 4 B(1,-T,)=0
on

)

3. Boundary conditions

3. 1. Thermal boundary conditions

Groove

Oil film

H. Chamani, et al.

Vol. 5, No. 1, Aut.-Win. 2015-16

Depending on the thermal analysis type of

bearing structure, which has to be chosen in

software, there are two choices for thermal
boundary conditions in TEHD analysis as
follows:

1. Temperature boundary condition when
bearing housing is omitted in thermal
analysis (see Fig. 1).

2. Temperature boundary condition when
bearing housing is considered in thermal
analysis. In this condition, the temperature
variations in bearing shell and its housing
are calculated (see Fig. 2).

T=T,

orT
asa‘*'bs(T —T;5)=0

e

orT
aJE"'bJ(T_TJ.S) =0

Fig. 1. Thermal boundary condition number 1 [16].

— ———
/ /(—-
/-'Bearin g B il T
structure  ,* Groove &
T~ "

O

Oil film

L

r

f ]
[
]
|}
-
A
)

A Y

.

.

I
=

or
a]a +b,(T-T,)=0

sialy: 0, S04, -T,) =0

oT
aJa-i_bJ(T -T,5)=0

Thickness of the Bearing Structure

Fig. 2. Thermal boundary condition number 2 [16].
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3. 2. Initial boundary conditions

Initial boundary conditions are as follows:

1. Oil pressure at bearing inlet =4 bar

2. Oil pressure at bearing leakage (ambient
pressure)=1 bar

3. Inlet oil temperature= 90°C

Temperature of solid housing= 90°C

No slip boundary condition is considered at

the interface of fluid and structures (both of

the shaft and bearing shell)

ok

4. Oil film viscosity

In TEHD joint, oil viscosity is considered as a
function of oil film temperature. In order to
improve the accuracy of results, the oil
viscosity can be defined as a function of oil film
pressure and shear stress rate. In terms of fluid
density, it is also better to be considered as a
function of oil film temperature and pressure in
the calculations.

In this calculation, the oil viscosity is
considered as a function of oil local temperature
and pressure, based on Broderbund's equation

[16]:
I G

T)= 4.
n(p.T) eXp[T+

The dependence of oil density on both
temperature and pressure is regarded using
Dowson-Higginson's equation [17]:

Si-p

o frpj.[l—f}.(r—ro)] ™

p(p,T)=po{1+

5. EHD analysis of the oil film
5. 1. Simulation

In order to perform the EHD analysis of BE
bearing, the transient finite element analysis of
connecting rod has to be done. The dynamic
analysis has to be carried out to calculate the
applied forces to BE bearing. Also, the
deformation measure of the bearing shell can be
obtained from finite element analysis of the
connecting rod.
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Transient dynamic analysis of complete finite
element model of the connecting rod is too
time-consuming. To decrease the computational
time of this analysis, one method known as sub-
structuring method is used, in which the mass
and stiffness matrices of structure are reduced
to a condensed form. In this way, degree of
freedom (DOF) of the structure is reduced
significantly. When DOF of structure is
decreased, then the computational time of
analysis is significantly decreased.

In sub-structuring method, all nodes which
contact with other components and also the
ones to which the external loads have to be
retained in the FE model and the others can be
removed. Thus, for connecting rod analysis
using sub-structuring method, the BE and SE
(small end) nodes have to be retained in the FE
model, because they are in contact with crank
pin and piston pin, respectively.

Finite element analysis of the connecting rod
using sub-structuring method is carried out in
ABAQUS software. Due to high oil pressure
gradient in bearing edges, finer mesh is used
around these areas.

The single crank train including a connecting
rod, crank pin, and piston pin is modeled in
order to carry out EHD analysis of oil film in
BE bearing.

5. 2. Results of EHD analysis of oil film

Effect of the variations of local oil temperature
is neglected in EHD method. Maximum oil film
hydrodynamic pressure of the BE bearing of
connecting rod versus crank angle is shown in
Fig. 3. The maximum oil film pressure occurs at
371 degrees of crank angle equal to 11 degrees
after firing TDC (top dead center of piston) and
is about 115 MPa. This point is close to the
crank angle, at which the maximum gas
pressure takes place inside the combustion
chamber. In this situation, the connecting rod is
placed under compression and, consequently,
the maximum pressure in the bearing occurs in
the upper shell.

The simulation is run for many engine working
cycles and it is observed that the steady state
conditions are achieved in the second cycle. So,
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the presented results are extracted from the
second cycle.

As shown in Fig. 4, the minimum oil film
thickness occurs at 17 degrees after firing TDC
and it is about two J. The situation, in which
the minimum oil film thickness takes place, is
very close to the place where the maximum oil
film hydrodynamic pressure happens, i.e. at the
moment of connecting rod compression.

EHD

Peak Ol Film Pressure(MPa) |

MaxY atX
| 115.293 371.027

o

0 '9'0' ' '150' ' '2;0' ' '3£ISD 4;0 '51'10' ' '6?':0' ' '720
AngR(deg)

Fig. 3. EHD analysis result in BE bearing, maximum

oil film hydrodynamic pressure verses crank angle at

1500 rpm.

c EHD

Minimum Oil Film Thickness (MOFT)(micron)

MnY atX
@147 2.00448 377.027

104

~
1

N

Minimum Oil Film

' 9‘0 o '1;30 270 360 ' '4é0' ' '51'10' ' VSCI’:O' ' '720
AngR(deg)
Fig. 4. EHD analysis result in BE bearing, minimum

oil film thickness versus crank angle at 1500 rpm.

o

The bearing shell deformation due to firing
loading is shown in Fig. 5. In this figure, the
distribution of oil film clearance height due to
peak firing loading (connecting rod
compression) at 1500 rpm is illustrated. Thus,
the clearance between the bearing and shaft can
be seen in all situations at the moment of peak
firing loading in the range of 2 and 205 Y. The
bearing shell deformation due to inertia loading,
at 360 degrees after firing TDC, is shown in
Fig. 6, when the connecting rod is in the
tension. So, clearance between the bearing and
shaft is least in the lower shell. Minimum
clearance height is in the range of 5 to 235p.
Clearance height distribution in the bearing is
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affected by bearing shell deformation and
connecting rod orbital motion around the
crankpin. On the other hand, clearance height
distribution affects the axial and circumferential
oil film flow velocities. The lubricant flow
velocity influences the convective heat transfer
rate between oil flow and shaft and also
between oil flow and bearing surface.

Euxcite_Set_1.Case_1.TI_0121003:Clearance Height [m]
0.00020518

0.0001843%

Crank pin

0.0001648
0.00014431
0.00012403
0.00010374
9.3448e-008
8.3159e-005
4.287e-005
2.2581e-005
2.2919e-008

K i Bearing

Fig. 5. EHD analysis result in BE bearing, the
distribution of oil film clearance height due to peak
firing loading at 1500 rpm (10 degrees after TDC).

Excite_Set_1.Case_1.TI_0.07889185.Clearance Height [m]
0.00023544

0.00021244 \
000018944 e A? Crank pin
0.00018644 -

0.00014344

0.00012044

9.7438e-005
7.4438e-005
5.1438e-005
2.8438e-005
5.4377e-006

L"//%»Bearing
—/’
Fig. 6. EHD analysis result in BE bearing, the

distribution of oil film clearance height due to inertia
loading at 1500 rpm (at the time of exhaust TDC).

As shown in Fig. 7, due to more deformation of
bearing shells at its edges, the minimum oil film
thickness usually takes place at bearing edges,
whereas oil film thickness increases along
bearing center. In Fig. 8, hydrodynamic
pressure distribution of oil film at 10 and 360
degrees after firing TDC is shown.
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Clearance Height at 10 deg aTDC Clearance Height

0 90 180

1e-005

.— 1.2e-005
| o
_—

— 8e-006

6e-006

—4e-006

— 2e-006

270 360

Shell Angle(deg)
Fig. 7. EHD analysis result in BE bearing, the distribution of oil film clearance height due to peak firing loading

at 1500 rpm (10 degrees after TDC).

Excite_Set 1.Case_1.TI_01212252:Total Pressure [Pa]
1.15e+008

1.035e+008
9.2004e+007

«

8.0506e+007

6.9008e+007

.\ 10 aTDC

5.751e+007

4.6012e+007
3.4514e+007
2.3016e+007
1.1518e+007
20000

360 aTDC

Circumferential direction of bearing

Fig. 8. EHD analysis result in BE bearing, the distribution of oil film hydrodynamic pressure at 10 and 360

degrees after firing TDC, at 1500 rpm.

6. TEHD analysis of the oil film
6. 1. Simulation

TEHD and EHD analyses have similar bases.
The major difference between these analyses is
heat transfer analysis of oil film and bearing
housing. Therefore, the boundary condition of
oil film heat transfer with bearing shell and
shaft has to be defined.

As for the calculation of convective heat
transfer coefficient of lubricant, it is better to
utilize the average of axial and circumferential
volume flow, as shown in Fig. 9 and Fig. 10,
respectively. These 2D-contours are extracted
from previous EHD analyses. It should be noted
that the AVL-Excite software takes only one
value as heat transfer coefficient; therefore, it is
essential to consider the average value of both
of the axial and circumferential flows in the
calculation of heat transfer coefficient.

The convective heat transfer coefficient
between oil film and bearing shaft is considered
25000 W/m’K. Because of high lubricant
velocity, the convective heat transfer coefficient
of the critical regions is in the range of 20000 to
30000 (W/m” K) and its exact amount can be
calculated using CFD analysis. The convective
heat transfer coefficient in bearing housing is
assumed to be 10000 W/m2K.
It should be noted that, in TEHD analysis, some
engine working cycles have to be passed until
the bearing structure temperature becomes
stable. So, the analysis is performed in four
working cycles:
- The first two cycles for temperature
stability in the bearing structure
- The third cycle for removing transient
effects and stabilization of fill ratio
- The forth cycle for getting final analysis
and expected results.
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Average of Axial Volume Flow

0.0245
% 0.0195
N 00145
o
E 0.0095
£ 0.0045 4
el
£ -0.0005
©-0.0055
c
-=-0.0105
©
©-0.0155
-0.0205

0 90

Related to Shell

Volumeflow(m "2/51
0.000

Shell Angle(deg)
Fig. 9. EHD analysis results in BE bearing, averaged axial volume flow over one operating engine cycle.
Average of Circumferential Volume Flow

0 90

Related to Shell

Vqumeﬂow(m"Z/s(?
-0.0002

- —-0.0003

—-0.0004

0.0006

-0.0007

-0.0008

270 360

Shell Angle(deg)
Fig. 10. EHD analysis results in BE bearing, averaged circumferential volume flow over one operating engine.

Therefore, the presented results are related to
the forth engine's working cycle.

6. 2. Results of EHD Analysis of oil film

Generally, the results show that there is no
considerable difference between the results of
EHD and TEHD analyses; but, the required
time of TEHD analysis is much more than that
of EHD analysis.

Variations of averaged and maximum oil film
temperature in terms of crank angle are shown
in Fig. 11. As can be seen in this figure, the
mean temperature variation is low and
negligible in one engine loading cycle. In
TEHD analysis, the effect of temperature rise is
local and just has an effect on the minimum oil
film thickness and maximum oil film pressure,
both of which are negligible.

The results of EHD and TEHD analyses such as
variations of maximum oil film pressure and
minimum oil film thickness are compared in
Fig. 12 and Fig. 13, respectively. Comparison
shows that TEHD analysis estimates slightly
higher maximum oil film pressure and lower
minimum oil film thicknesses, because there is

20

a relation between minimum oil film thickness
and maximum oil film pressure. The higher the
oil film pressure, that the thinner the oil film
thickness would be.

The minimum oil film thickness takes place at
the crank angle near maximum in-cylinder gas
pressure position. The applied loads proliferate
in this region and cause high thermal load. So,
oil viscosity is reduced in the position of
minimum oil film thickness. If oil film viscosity
is decreased, the minimum oil film thickness
will decrease. Also, position of maximum oil
film temperature is in accordance with the
position of minimum oil film thickness. The
minimum oil film thickness and asperity contact
often take place in the same position; so, the
asperity contact causes heat generation and,
therefore, oil film temperature to increase.

In Fig. 14, friction power loss variation of BE
bearing versus crank angle in EHD and TEHD
analyses is shown. Friction power loss at 0 and
720 degrees obtained from EHD and TEHD is
1.77 and 1.4, respectively. Total power loss is
the sum of hydrodynamic power loss and
asperity friction power loss.
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) TEHD

je2}

D125

o

o

5120

©

5}

Q115

£

(7

110

E

L1054

3

é 100 T T T T T T T

s o0 90 180 270 360 450 540 630 720
AngR(deg),

MaxY atX Mean Y (int.dX)

123.711 376.005 111.605
105.044 376.005 103.801

————— Max. Oil Film Temperature(degC)
Averaged Oil Film Temperature(degC)

Fig. 11. TEHD analysis results in BE bearing,
averaged and maximum oil film temperature
variations versus crank angle.

In Eq. (4), the last term is related to asperity
friction power loss.
Due to the assumed Newton fluid properties,
the hydrodynamic friction within a radial slider
bearing can be computed via Newton's shear
stress equation:
o =T (8)
&
The above equation considers a product of the
oil film viscosity and the derivative of the
circumferential oil film velocity field with
respect to the clearance gap height direction.
The hydrodynamic power loss can be calculated
by the following equation.

Hydrodynamic _power _loss = .z, rdA 9)
Local oil film viscosity in TEHD analysis is
less than EHD analysis (Fig. 15); so, friction
power loss is less than the latter. With regard to
the mentioned issues, it can be said that the
temperature distribution curves of bearing shell
are similar to the wear distribution pattern of
bearing shell surface. Due to long-time
temperature response of bearing structure,
bearing shell temperature does not change at
different crank angles. In other words, the
temperature distribution curve of bearing shell
is steady state during one engine operation
cycle.

In Fig. 16 and Fig. 17, 3D temperature
distribution of the oil film and the bearing shell
at 16 degrees after firing TDC (position of
maximum oil film temperature) is respectively
shown. The maximum oil temperature occurs in
the regions with low clearance height, which

Thermo-elasto . . .
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corresponds to bearing edges and leads to high
heat load in this region.

Peak Oil Film Pressure

% 140

P - EHD(MPa)

120 ] TEHD(MPa)

[e]

E./100 —

e

5 80

7]

]

© 60

o

£ 404

ol

= 204

(o]

™

g0 T T T T T T T
o 0 90 180 270 360 450 540 630 720

AngR(deg)
Fig. 12. Comparing maximum oil film pressure
variations versus crank angle in EHD and TEHD

analyses.
= Minimum Oil Film Thickness

s 1 A | EHD(micron)

§16- TEHD(micron)

P14

(0] 4 MnY atX

% 124 ] \ 2.00448 377.027

=104 / Y 1.33848 376.005

o

E

[

9

€

=]

£

£0 T T T T T T T

= 0 90 180 270 360 450 540 630 720
AngR(deg)

Fig. 13. Comparing minimum oil film thickness
variations versus crank angle in EHD and TEHD
analyses.

Total Friction Power Loss

2 Mean Y (int.dX) N EHD(kW)
% 51 1.10583 / —— TEW)
2 0877449
-
-
3.
2
[e]
T
c
Qo
B
2
L .
I
s
0+ : : ————
0 90 180 270 360 450 540 630 720
AngR(deg)

Fig. 14. Comparing friction power loss variations
versus crank angle in EHD and TEHD

analyses.

Min. Oil Film Viscosity
0.016

©0.015 ]
©

Q. 0.014
20.013
[

S0.012
2

So.0114
E 0014
L 0.000

O.[LOOS~

c
S0.007
0.006 T T T T T T T
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Fig. 15. Comparison of minimum oil film viscosity
versus crank angle in EHD and TEHD analysis.
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Excite_Set 1.Case_1.TI_0.281667 2:Lubricant Temperature [K]
397

39361

39022
386.84
38346
a80.07
276,69
avaz

369.82
36653

363145

Fig. 16. TEHD analysis results, 3D temperature
distribution of the oil film due to peak firing at 1500
rpm.

Temperature of bearing structure, due to high
thermal inertia, does not significantly change in
one engine operating cycle and remains
approximately constant. So, at some crank
angles, at which friction power loss is low, the
temperature of bearing shell affects the oil film
temperature. For example, in Fig. 18, 3D
temperature distribution of the oil film and
bearing shell is illustrated at 360 degrees after
TDC (position of maximum inertia forces). As
can be observed, the maximum oil film
temperature occurs near the bearing edges.
Normally, it is difficult to measure the BE oil
temperature. In this research, in order to
measure the BE oil temperature, a special pan is
designed and installed on the engine crankcase.
The oil exiting from each of the BE bearings is
collected by these special pans and its
temperature is measured using thermocouples.
Comparison between measured and calculation
results shows that the error of the mean
temperature of the oil film is about 5%. The
average temperature of the bearing output oil,
which is obtained from the simulation result, is
in very good agreement with the results of the
experimental measurements.

7. Conclusions
In the current paper, elasto-hydrodynamic and

thermo-elasto-hydrodynamic analyses of oil
film in connecting rod big end bearing of a
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Excite_Set 1.Case_1.TI_0.2816672:5hell Temperature [K]
38366

38226
380.86
37946
378.06
37666
37526
37386
37245
371.06

369 66

Fig. 17. TEHD analysis results, 3D temperature
distribution of bearing shell due to peak firing at
1500 rpm.

Lubticant Temperature []
3838

38173
37967
37TH

aTa64
37347
3741
369.34
36728
36521
36315

A

Fig. 18. TEHD analysis results in BE bearing, 3D
temperature distribution of the oil film and bearing
shell at 1500 rpm, TDC exhaust.

heavy duty diesel engine were carried out. Key
parameters of oil film lubrication analysis such
as maximum oil film pressure, minimum oil
film thickness, and friction power loss were
compared in both EHD and TEHD analyses and
interpreted completely.

Using the results of EHD analysis, the averaged
convective heat transfer coefficient between
lubricant and bearing housing was calculated.
Then, it was used as an input to TEHD analysis.
The results showed no considerable difference
between the results of EHD and TEHD
analysis, but the required time of the TEHD
analysis was much more than that of EHD
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analysis. This comparison demonstrated that the
TEHD method estimated higher maximum oil
film pressure and lower minimum oil film
thicknesses. The maximum oil temperature
occurred in the regions with low clearance
height, which corresponded to bearing edges
and led to high heat load in this region.
Temperature of bearing structure, due to high
thermal inertia, did not significantly change in
one operation cycle of the engine. So, in some
crank angles with low friction power loss, the
bearing shell temperature affected the oil film
temperature.
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