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Abstract 
The performance of hydrodynamic journal bearings is significantly influenced by the conditions under which 
the lubricant is supplied. However, many existing studies tend to overlook these factors, often generalizing their 
impact on bearing performance. This article presents a comprehensive thermo-hydrodynamic analysis that takes 
lubricant supply conditions into account. The study involves a numerical solution of the generalized Reynolds 
equation, along with the energy equations governing the lubricant film and heat transfer within the bearing 
bush. Special attention is given to the phenomena occurring within and around the grooves, as well as in regions 
where the lubricant film experiences rupture. The investigation assesses the effects of various variables, includ-
ing lubricant feed pressure, temperature, groove length ratio, groove width ratio, and the number of grooves 
(single or twin), on bearing performance across a wide range of conditions. The results are consistent with exist-
ing experimental data, validating the accuracy of the model in capturing these phenomena. The study concludes 
that optimizing lubricant supply conditions can significantly enhance bearing performance.  
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Journal Bearing Showing the Lubricant Feeding Environ-
ment: 
Outer circle (black): Bearing bush 
Inner circle (blue): Journal (shaft) 
Green Slot + Arrow: Oil supply groove & inlet

Blue Shaded Wedge: Lubricant film forming the hydrodynamic 
wedge, 
Red arrow: Applied load, Purple Arrow: Hydrodynamic reac-
tion force.

Subject Classification
74A55 Theories of friction (tribology); 74Dxx Materials of 
strain-rate type and history type, other materials with memory 
(including elastic materials with viscous damping, various vis-
coelastic materials); 00A69 General applied mathematics {For 
physics, see 00A79 and Sections 70 through 86} 00A71 Theory 
of mathematical modeling 00A72 General methods of simula-
tion.

Literature Review and Introduction
The accurate prediction of hydrodynamic journal bearing be-
havior is far more complex than its seemingly simple geometry 
might suggest. This complexity arises from the need to simulta-
neously account for pressure, flow, and heat transfer while incor-
porating phenomena such as film rupture, dual-phase flow, film 
reformation, forced and free convection, viscous dissipation, in-
ner groove lubricant flow mixing, and thermoelastic distortion. 
Developing an integrated model that effectively addresses all 
these factors while maintaining acceptable computation times 
is challenging. Consequently, oversimplified models have of-
ten been employed. In particular, the incorporation of lubricant 
feeding conditions has frequently been simplified or entirely 
neglected in many theoretical approaches. This oversight-such 
as ignoring the effects of feeding pressure, feeding temperature, 
or groove geometry-may explain the notable discrepancies of-
ten observed between theoretical predictions and experimental 
results. These discrepancies are especially pronounced in twin-
groove journal bearings, where experimental data on lubricant 
feeding conditions are scarce. This lack of experimental focus 
has contributed to the underappreciation of the critical role that 
feeding conditions play in bearing performance. Incorporating 
realistic lubricant feeding conditions into journal bearing anal-
yses introduces theoretical challenges, depending on the model 

used. Many models simplify or exclude feeding conditions, re-
lying on approaches such as:
•	 Assuming full film reformation at the position of maximum 

film thickness or the groove location [1].
•	 Modeling grooves with infinitesimal width and no circum-

ferential extension [2,3].
•	 Extending grooves of finite width to the full length of the 

bush body [4-6].
•	 Treating finite-size grooves by imposing flow rate or assum-

ing no feeding pressure (ambient conditions) [5].
•	 Neglecting or oversimplifying thermal phenomena in the 

groove region, such as recirculated hot oil, feeding tempera-
ture, reverse flow (oil re-entering the groove from down-
stream), or backflow (fresh oil flowing upstream).

Some studies have attempted to address the influence of lu-
bricant feeding conditions. For instance, used a finite element 
method (FEM) analysis with a 1D energy equation and modeled 
axial pressure profiles using second-order polynomials [7]. They 
demonstrated that feeding pressure reduces maximum tempera-
ture, particularly at low Sommerfeld numbers, while increasing 
flow rate and slightly affecting power loss. Theoretical and exper-
imental investigations on high-speed twin-groove journal bear-
ings, as reported in, explored the influence of groove position 
relative to load direction [8,9]. A more rigorous thermo hydrody-
namic (THD) approach was used in these studies, incorporating 
viscosity and temperature variations through the film thickness, 
heat conduction in solid components, and a groove mixing mod-
el for inlet temperature calculation. This approach significantly 
improved the agreement between theoretical predictions and ex-
perimental temperature profiles, although discrepancies in flow 
rate remained. Attention to film reformation and mass- conserv-
ing algorithms for feeding conditions was highlighted by [10]. A 
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comprehensive theoretical and experimental analysis of circular 
journal bearings with various groove configurations, including 
twin axial grooves, was conducted by [11]. 

Using a mass- conserving algorithm proposed by, they showed 
that neglected parameters, such as feeding pressure and groove 
geometry, significantly affect bearing performance [12]. This ap-
proach was later extended to account for thermal effects and val-
idated with experimental evidence [13, 14]. Other researchers, 
such as Ma and Taylor, examined the effects of feeding pressure 
and temperature on twin-groove elliptical bearings [15]. 

They found that increasing feeding temperature significantly 
raised maximum temperatures and flow rates while reducing 
power loss. Conversely, higher feeding pressure increased flow 
rate while moderately reducing bush temperatures and power 
loss.The impact of lubricant starvation on THD performance was 
explored by, demonstrating that proper groove placement could 
reduce flow rate and power loss without compromising load 
capacity [18]. Additional work on circumferentially grooved 
journal bearings emphasized the importance of explicitly incor-
porating groove pressure and entry temperature into the ener-
gy equation to account for mixing effects.Despite these efforts, 
experimental investigations on twin-groove journal bearings re-
main limited, particularly regarding the effects of varying feed-
ing conditions and their optimization to enhance performance 
[20]. Recent studies by the authors aimed to address this gap by 
examining the impact of feeding pressure and temperature on a 
100mm twin axial groove bearing [24]. Results showed that in-
creased feeding pressure significantly raised oil flow rates, with 
minimal impact on maximum temperature and power loss ex-
cept for lightly loaded bearings. Shaft temperature was observed 
to align closely with maximum bearing temperature under low 
loads but was significantly lower under high loads. Further ex-
perimental work on a 50mm twin axial groove bearing revealed 
the importance of measuring individual groove flow rates [25]. 

Findings showed that downstream grooves provided minimal 
cooling under low eccentricities but became more effective as 
eccentricity increased, while upstream grooves exhibited the op-
posite behavior. Negative flow rates in upstream grooves under 
high loads and low feeding pressures were found to dramatically 
affect performance. In addition, comparisons of single- groove 
and twin-groove configurations highlighted that under heavy 
loads, twin grooves could deteriorate performance due to un-

even lubricant feed [27]. These results suggest that knowledge 
of individual groove flow rates can inform strategies such as 
groove deactivation or flow balancing to optimize performance. 
Building on this, the authors investigated the effect of groove an-
gle on flow rates in twin-groove bearings, noting that increasing 
the groove angle decreased upstream flow rates while increasing 
downstream flow rates [28]. Reverse flow phenomena were ob-
served in both grooves under certain conditions.This study pres-
ents a thermo hydrodynamic (THD) model for hydrodynamic 
journal bearings, with a focus on twin-groove configurations. 

The model integrates realistic feeding conditions, including 
groove geometry and lubricant properties, and employs mass 
and energy-conserving algorithms. It also incorporates models 
for film rupture and reformation, lubricant mixing, and thermo-
elastic effects. Following a thorough validation against experi-
mental data, the study conducts an extensive parametric analysis 
of lubricant feeding conditions, such as pressure, temperature, 
groove dimensions, and groove number (single vs. twin), to 
assess their impact on bearing performance. The findings aim 
to provide a deeper understanding of the mechanisms affecting 
journal bearing performance, with particular attention to twin- 
groove configurations where theoretical prediction discrepan-
cies are most pronounced.

Mathematical and Theoretical Model
The theoretical model for analyzing the steady-state perfor-
mance of journal bearings, particularly with regard to lubricant 
feed conditions, builds upon earlier isoviscous and thermo hy-
drodynamic (THD) models developed by the research group 
[11,13]. While many aspects of the model have been thoroughly 
detailed in previous studies, especially in, this description pro-
vides a concise overview [13]. 

The model incorporates a comprehensive THD analysis and ac-
counts for lubricant feed conditions, including feeding pressure, 
temperature, and specific groove dimensions. By using input 
data such as the physical properties of the lubricant and bear-
ing components, operating conditions, geometric configurations, 
and lubricant feed parameters, the model aims to generate es-
sential performance metrics for bearing design and evaluation. 
These metrics include hydrodynamic pressure and temperature 
distributions, oil flow rate, minimum film thickness, eccentricity, 
attitude angle, shaft torque, and power loss. Figure A illustrates 
the bearing geometry, highlighting key geometric features.

Figure A : Bearing geometry
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Figure B: Dimensionless (normalized) fluid domain non wrapped\dimensional, Brito FP, et. al., 2014.

Figure B presents the unwrapped bearing gap geometry along 
with the corresponding axis system, presented in both dimen-
sional and non-dimensional normalized forms. This representa-
tion is based on the reasonable assumption that the effects of 
bearing curvature and inertia can be neglected.

Pressure and velocity Fields
The calculations for the pressure and flow fields are based on 
several widely accepted assumptions. These include the follow-
ing:

Thin Film Approximation: Pressure is assumed to be uniform 
across the film thickness, except in groove regions where this 
assumption is not valid.

Laminar Flow: The flow is considered laminar, with viscous 
effects dominating over fluid inertia and gravitational forces.
•	 Steady-State Regime: The system is assumed to operate 

under steady-state conditions.
•	 Fluid Properties: The fluid is assumed to be incompress-

ible and Newtonian, with its viscosity dependent solely on 
temperature.

•	 Negligible Bearing Curvature Effects: The effect of bear-
ing curvature is considered negligible, as the clearance is 
much smaller than the bearing radius.

•	 No Surface Contact or Roughness: There is no contact 
between surfaces, and the surface roughness is negligible, 
resulting in a hydraulically smooth surface in the fully hy-
drodynamic regime.

•	 Thermal Expansion: Thermal expansion of the compo-
nents is assumed to be uniform and is based on their average 
temperature, influencing only their diameter in a differential 
thermal expansion approach.

The hydrodynamic pressure field, P(x,z) is governed by the Gen-
eralized Reynolds Equation (GRE), which is derived from a flow 
balance [29].

                              (1)

With The Viscosity Integrals, Which Account for Cross-Film 
Viscosity Variation, Being Defined as Follows:

    (2)

The standard solution for equation (1) is applicable only in the 
full film region, where pressure is greater than ambient (P > 0). 
In low-pressure conditions, such as sub-ambient scenarios, the 
lubricant cannot maintain a continuous film and instead sepa-
rates into discrete streamlets, separated by gaseous cavities, with 
pressure assumed to be uniform and equal to ambient. Therefore, 
a suitable algorithm is required to identify the boundaries of the 
ruptured film region and to apply specific treatments in that area. 
The rupture boundary can be determined using the Reynolds 
condition, which considers both pressure and pressure gradients 
in the direction of bearing rotation to be zero. This condition 
ensures flow continuity and is widely accepted in bearing mod-
eling. Regarding the film reformation boundary condition, some 
authors simplify the assumption by placing it at the position of 
maximum film thickness or at the circumferential coordinates of 
grooves, which are considered to have negligible thickness and 
to extend the full length of the bearing. However, this approach 
imposes a specific location for film reformation rather than pro-
viding a reliable method for estimating it, which is inadequate 
for realistic feeding conditions, the focus of this work. In reality, 
film reformation occurs when the bearing gap is locally filled 
with lubricant at the circumferential location where the recircu-
lated flow volume is sufficient to fill the gap. This can be com-
puted based on an understanding of flow patterns and continuity.

The General Reynolds Equation (GRE) fundamentally com-
putes flow continuity by accounting for various flow compo-
nents within the bearing gap. Under the simplifying assumptions 
mentioned, these flows are reduced to pressure-driven flow (Po-
iseuille) and drag-driven flow (Couette). In the ruptured film re-
gion, pressure is typically considered ambient, resulting in pure-
ly drag- driven flow. Consequently, mass flow continuity can 
be easily computed, allowing for the identification of the film 
reformation boundary. To achieve this, the GRE can be modified 
in the ruptured film region to create a mass-conserving equation 
that is valid throughout the entire bearing domain. This approach 
was implemented by the algorithm proposed by Elrod, which is 
based on a mass balance of Couette and Poiseuille flows across a 
finite control volume surrounding each computational node [12]. 

Poiseuille and Couette flow calculations are performed in the 
full film region, while Couette flow and liquid fraction are ac-
counted for in the ruptured film region. A substitution variable, 
utilizing a switch function that takes a value of 0 or 1 depend-
ing on whether the film is ruptured (P = 0) or intact (P > 0), 
is employed for this purpose. The result is a mass-conservative 
finite difference version of the Reynolds equation, valid across 
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the entire domain, and solved iteratively using the Gauss-Seidel 
method, with the switch function updated at each iteration.This 
work utilizes the adapted algorithm for thermal hydrodynamics 
(THD) developed by Costa et al. [13]. A key advantage of this 
method is its automatic provision of mass flow rates for lubri-
cant crossing all faces of each computational cell, along with the 
corresponding local liquid fraction in the ruptured film region.
 
This feature is particularly useful for calculating flow rates at 
critical points, such as groove edges, which is essential for an-
alyzing feeding conditions and for incorporating into thermal 
models of ruptured film regions based on effective length con-
cepts as described in [4]. Additionally, the velocity field must be 
computed, as it influences the convective and dissipative terms 
of the energy equation. The expressions for the circumferential 
and axial components of velocity are the sum of the Poiseuille 
and Couette components, accounting for variable viscosity [29].

With

being λ a dummy variable of y. The radial velocity uy is obtained 
from the solution of the flow continuity equation computed sole-
ly for the liquid portion of the flow, which must be affected by 
the local liquid fraction, θ*:

Basic Thermal Model
The thermal problem is coupled with the flow problem because 
viscous dissipation is influenced by velocity gradients, while the 
pressure and velocity fields are affected by viscosity, which is 
temperature-dependent.
•	 Fluid Domain: In this region, the energy equation is solved.
•	 Bush Body Domain: Here, the Laplace equation governs 

conductive heat transfer.
•	 Groove Regions: In these areas, the Reynolds equation is 

not applicable (the thin film condition does not hold). Only 
mass and energy balances are performed in this domain.

(3.a)

(3.b)

(4)

(3.c)

(3.d)

Figure C: Calculation Domains and Boundary Conditions Used in the Thermal Model

Figure C: Outline of the calculation domains and boundary 
conditions used in the thermal model Some of the simplifying 
assumptions include: absence of axial temperature gradients 
(calculations are performed in the midplane only); the circum-
ferential and axial diffusive terms may be neglected when com-
pared with the corresponding convective terms (high Peclet 
number), which leads to purely radial conductive heat transfer; 
Only dissipative terms based on transverse gradients are rele-
vant; The bearing is perfectly aligned – i.e. axial symmetry is 
assumed. Fluid domain the aforementioned assumptions lead to 
the following simplified form of the energy equation at the mid-
plane of the bearing [29]:

(ρcp) eq and Keq are the properties (density, specific heat and 
thermal conductivity) of the lubricant or the equivalent proper-
ties or the lubricant streamers plus gaseous cavities at the rup-
tured film region. These will depend on the specific modelling 
of the ruptured film region. It is common to use the “Effective 

Length” concept to model the ruptured film region [4]. In fact, 
if both the lubricant streamers and the gaseous cavities are at-
tached to the bush and shaft surfaces and considering heat trans-
fer to occur radially and in parallel through liquid and gaseous 
streamers, it may be proved that the equivalent physical proper-
ties of the liquid plus gas mixture will be an average of the liquid 
and gas properties weighted by their corresponding fraction in 
the mixture, with a particularity found by the authors in which 
the density and specific heat should be treated as a group, as seen 
in (1). The effective fraction of the bearing length which is filled 
with liquid lubricant is therefore called the effective length of 
lubricant, EL, easily computed by integrating the fluid fraction 
along the relevant section. The equivalent properties will there-
fore be the following:

Only be valid for the thermal calculations (they have been de-
rived based on the energy equation). The properties used for the 
pressure and flow calculations will be solely based on those of 
the liquid portion of the flow. There is experimental evidence 
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that in the ruptured film region not all the lubricant flows along 
streamers that are attached to both the shaft and bush surfaces. In 
reality, a portion of it is attached solely to the shaft surface form-
ing an adhered layer to this surface [31]. This will affect heat 

transfer since no velocity gradients (and therefore no heat dissi-
pation) will be present for that portion of the lubricant. Some au-
thors have taken this phenomenon into account, although within 
the scope of a simplified model [4].

Figure D:  Comparison between the Effective Length and the modified Effective Length thermal models of the ruptured film region 
proposed in the present work. The following expressions for the equivalent properties for thermal calculations, which will vary ac-
cording to the radial position in the film (whether in the layer region or the streamer-only region) have been derived:

With m EL being the corrected Effective Length of lubricant, 
which corrects EL in order to reflect the portion of lubricant 
which has been taken out of streamer flow (Couette flow) and 
allocated to the shaft adhered layer (uniform flow).) ( s e is the 
fraction of the bearing gap occupied by the lubricant layer at a 
given circumferential position α, calculated by continuity from 
its initial value at the rupture front, 0 s e, and the variation of the 
local film height,) ( h:

It may be easily deduced that if all the lubricant will flow adhered 
to the shaft with no streamers present (mEl = 0), the fraction of 
the bearing gap occupied by the lubricant layer will be at the best 
0.5 (the linear profile of the Couette flow of the streamers will 
be converted into a uniform velocity profile possessing the speed 
of the shaft) and no heat dissipation will occur. Again, the exis-
tence of this shaft-adhered layer has been considered only for 
the thermal model. The computation of cell flow rates which is 
the basis for the pressure field calculation relies on the assump-
tion that in the ruptured film region the lubricant flows solely 
along streamers attached both to the bush and the shaft surfaces. 
The energy equation is solved through a method proposed by, 
which consists in solving the energy equation as an initial value 
problem in the circumferential direction [3]. This may be done 
as long as the circumferential velocity component is positive. 
However, if a region with negative speed exists, then this solu-
tion scheme may still be applied using the domain separation it-
erative approach, where calculations are performed successively 
in the two separate speed domains (positive and negative) as an 
initial value problem and in the direction of the flow. The results 
of one domain will be used as a boundary/initial condition for 
the other one.

Bush Body Domain
The conductive heat transfer across the bush body is solved 
through the Laplace Equation for cylindrical coordinates [29].

Putting These Together, the General Solution Is

where the constants A0, B0, An, Bn, Cn, Dn are determined 
from boundary conditions. If the solution must be finite at the 
origin (r → 0), all r−n terms and the ln(r) term must be omitted. 
If the domain is the exterior of a circle and the solution must 
remain finite as r → ∞, all rn terms and the ln(r) term are omit-
ted. For a problem on an annulus r1 ≤ r ≤r2, both rn and r−n 
terms generally appear and coefficients are fixed by prescribed 
values (Dirichlet / Neumann /mixed) on r = r1, r2. This equation 
is elliptical and may be solved iteratively through the successive 
over-relaxation method. Once again, no axial flux is considered 
to occur, so the terms in the z direction have vanished.

Groove Regions
A suitable thermal modeling of the phenomena taking place 
within groove regions and their surroundings is vital when an-
alyzing the role of feeding conditions. However, within groove 
regions (recall Fig. C) the thin film assumption (cr « r) which is 
the basis for the Reynolds equation is no longer valid. A CFD 
approach could be used, but since this calculation would have to 
be repeated in each iteration at the expense of massive compu-
tation time, a detailed mass and energy balance becomes more 
appropriate in the scope of the present work. The aim of this 
balance is to estimate the temperature of the inlet section of the 
bearing land located downstream of this groove (also called the 
leading edge of the groove). This temperature will be the initial 



 

www.mkscienceset.comPage No: 07 J Mat Sci Apl Eng 2025

condition to be supplied for the resolution of the energy equa-
tion at the fluid domain located downstream of that grove. In 
the present work this balance takes into account: all major in-
bound and outbound heat fluxes due to lubricant flow across the 
boundaries of the groove region; the heat fluxes due to forced 
convection between the bush body and the inner groove lubri-
cant; the influence of the actual groove dimensions, namely the 
groove length ratio, a/b; the occurrence of fresh oil backflow 
(upstream of the groove) and reverse flow (downstream of the 
groove); the influence of the occurrence of negative feeding flow 
rate (hot oil reflux) in one of the grooves; the existence of a non- 
uniform temperature profile at the inlet section (leading edge of 
the groove). 

An outline of the heat fluxes crossing the boundaries of the 
groove region is presented in Fig. E(a). But the thermal balance 
is not sufficient, by itself, to determine the several average tem-
peratures corresponding to the various outward lubricant flows 
and the inner groove temperature, gr T. Regardless of the mix-
ing efficiency, it seemed reasonable to assume that the backflow 
temperature, bkf T and the axial flow temperature axial T will be 
similar to gr T. However, the average leading-edge temperature 
will depend on the degree of mixing between the hot oil coming 
from upstream and reaching the trailing edge of the groove at an 
average temperature Tavg and the inner groove oil at tempera-
ture gr T. An outline of the mixing process is sketched.
 
in Fig. E (b).

Figure E: (a) Heat fluxes across the boundaries of the groove 
region in the presence of back flow upstream and reverse flow 
downstream of the groove; (b) Outline of the thermal mixing 
model within the groove region. The present thermal approach 
is 2D, made in the midplane of the bearing, and in fact several 
studies have confirmed that in most cases the axial temperature 
gradients along the bearing length are indeed negligible and 
what happens at the midplane is representative of the whole 

bearing length. However, if the grooves have a small length, the 
midplane thermal analysis made above should be corrected in 
order to reflect, on average, the whole bearing length, and not 
just the grooved length [23,33]. With the knowledge of the ve-
locity field, it is possible to determine the average inlet section 
temperature, is T, which reflects more accurately the effective 
temperature of the whole bearing length.

Figure F: Outline of the thermal balance carried out to determine the average inlet section temperature, is T, which incorporates 
the influence of the groove length ratio, a/b.

Conditions at the Interfaces
At the shaft-film interface a condition of no net heat flux was 
imposed. This may be considered as a midterm between situa-
tions where the shaft acts a heat sink or a heart source. Also, the 
shaft surface temperature is considered to be constant, following 
experimental evidence [33]. These two assumptions are wide-
ly accepted and used in the literature [34-36]. At the bush-film 

interface, the temperature and heat flux continuity are applied, 
while natural and forced convection conditions are used at the 
bush-ambient interface and at the inner groove walls, respec-
tively. It is worth noting that the accounting for convective heat 
transfer at the groove walls must be done both in the bush body 
conduction calculation and in the groove thermal balance. Oth-
erwise, a virtual heat source/sink will exist due to this. A higher 
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than usual value of 750W/m2K was chosen for Hgr. Such value 
appears to be in better agreement with the highly recirculating 
flow found within groove regions and indeed this allowed to rep-
licate the strong temperature fade found experimentally in the 
vicinity of grooves [24,32,37].

Numerical Procedure
The theoretical model was implemented using the FORTRAN 
90/95 programming language. The global algorithm implements 
the following sequence: Imposition/update of eccentricity and 
attitude angle, and calculation of the pressure field until atti-
tude angle convergence is achieved; solution of theeach bearing 
land); solving of the Laplace equation; updating of the bush-film 
interface temperature and, if it has not converged, going back to 
the beginning of the thermal algorithm; calculation of the shaft 
temperature based on the no net heat flux condition and, if this 
temperature and T is have not converged, going back to the be-
ginning of the thermal algorithm; calculation of the load capac-
ity and, if load has not converged, going back to the beginning 
of the algorithm, otherwise, conclusion of the calculation. The 
selection of the mesh parameters and convergence criteria was 
based on a comprehensive parametric study in order to obtain a 
good compromise between accuracy and processing time. The 
approach relied on the use of refined meshes in order to detect 
more subtle phenomena such as reverse flow. 

The two cells in the vicinity of the groove edges were refined by 
a factor of six after the first little iteration. Taking into account 
the small randomness found in the results (even at very high ec-
centricities), along with the small differences found between the 
results obtained with the final mesh and the finest meshes tested, 
the present algorithm seems to be particularly robust.

Model Validation
There is a lack of models presenting a thorough validation with 
experimental data, something which compromises the reliability 
of the results obtained. Such was tried with the present model. 
A comparison against the results of, which are extensively used 
in model validation [38]. A very good theoretical-experimental 
correlation is obtained for maximum temperature with differenc-
es of around 1ºC, within the error of temperature measurements. 
The temperature trend is fairly well predicted for both cases ex-
cept in the region immediately downstream of the groove. This 
may have happened due to the fact that, while the experimental 
values were measured at the midplane of the bearing, the theo-
retical approach performs averaged thermal calculations over the 
whole section. The hydrodynamic pressure profiles displayed in 
Fig. 7b are within the experimental error margin, the same hap-
pening with the estimation of eccentricity ratio. Predicted tem-
perature profiles against experimental results obtained by the au-
thors [39]. Again, it should be highlighted that the temperature 
correlation in the region immediately downstream of grooves 
is not satisfactory since the predicted values are representative 

of the whole section and not just of the midplane, as measured 
experimentally. 

The suitability of the predictions may be better acknowledged 
by observing the peak temperatures occurring in each one of the 
bearing lands and also on the shaft surface. In fact, seldom has 
the temperature trend in the ruptured film region of twin groove 
journal bearings been accurately predicted. The present model 
seems to accomplish this rather satisfactorily for the generality 
of the tests. Comparison between the present analysis and exper-
imental temperature profiles at the midplane of the inner bush 
surface of the bearing for four different shaft speeds and an ap-
plied load of (a) 2kN, (b) 6kN and (c) 10kN; (d) Total flow rate 
(Pf=140kPa) [39]. Depicts the comparison of the predictions of 
the present analysis against experimental results from another 
paper by the group, where the feeding pressure varied threefold 
from 70 to 210kPa [24]. The same good correlation may be ob-
served (something positive for the present analysis, in the scope 
of the assessment of feeding conditions), except for the flow 
rate, which was substantially underestimated. Comparison be-
tween theory and experiment, for several loads and shaft speeds, 
of (a) Shaft surface temperature, (b) maximum bush tempera-
ture, (c) maximum bush temperature at the loaded (lower) land 
and (d) maximum bush temperature at the unloaded (upper) land 
of the bearing (Pf=140kPa); Unfortunately, the crude underesti-
mation of the flow rate in twin groove journal bearings analyses 
is a commonly known issue, still unresolved and found in nu-
merous reference works and even popular bearing design tools 
[8,9,11,34, 39,40]. 

This might be linked with the intrinsic limitations in the mod-
elling of flow in grooves located in the midst of the ruptured 
film region and requires further investigation. Nonetheless, this 
general underestimation does not seem to decisively affect the 
maximum temperature of the bush, which has been fairly well 
predicted in most cases. Comparison between theory and exper-
iment, for several loads and feeding pressures, of (a) Shaft sur-
face temperature, (b) maximum bush temperature, (c) maximum 
bush temperature at the loaded (lower) land, (d) maximum bush 
temperature at the unloaded (upper) land of the bearing and (e) 
flow rate. Therefore, the current model seems apt to be used in 
the analysis of the performance of single and twin groove hydro-
dynamic journal bearings with realistic feeding conditions [24].

Analysis of Lubricant Feeding Conditions
In continuation, the lubricant feed conditions such as the lubri-
cant feeding pressure and temperature, the groove length ratio 
(a/b), the groove width ratio (w/d) and the number of grooves 
(single/twin) are analyzed for a bearing geometry which is 
roughly the one used in [24,39]. This analysis aims to assess 
how these parameters may affect bearing performance and how 
they can be optimized to achieve a reduction in friction without 
sacrificing the integrity of the system.
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Feeding Pressure (Pf) Feeding pressure (Pf) is one of the feed-
ing parameters which is frequently neglected in modelling as its 
analysis requires a realistic treatment of groove geometry and a 
mass conserving algorithm with film rupture and regeneration 
front estimation. Nonetheless, it affects deeply the thermal be-
haviour of the bearing due to its cooling effect. Also, if the bear-
ing is too starved, contact might occur, while if there is lubricant 
excess there will be increased power loss. Effect of Pf on the 
total flow rate and on the flow rate through each groove, for a 
broad range of specific loads. While total flow rate follows a 
well-known trend with load, the flow rates through each groove 
show rather dissimilar or even opposite trends. This phenome-
non has already been observed experimentally and explained in 
several of the authors’ publications, including the curious phe-
nomenon of negative flow rate occurring at high loads in the +90º 
groove, the groove which serves the loaded land of the bearing 
(also called the upstream groove) [25-28,42]. This means that 
this groove starts acting as a lubricant sink instead of a lubricant 
source for the bearing. This behavior is caused by the exces-
sive closeness between the groove and the strong hydrodynamic 
pressures, which eventually exceed feeding pressure, reversing 
pressure gradients and thus the direction of the lubricant flow. 

This phenomenon occurs under heavily loaded conditions 
and thus raises the seizure risk. In fact, the lubricant is being 
retrieved just upstream of the active bearing region, where it 
would be most needed. And this lubricant starvation might hap-
pen inadvertently since the total flow rate (the parameter which 
is measured in industrial applications, at best) will indicate a 
seemingly normal feeding flow rate value. The effect which Pf 
has on power loss, minimum film thickness (hmin) and maxi-
mum bush temperature (Tmax) may be observed in Fig. 12a, b 

and c, respectively. Indeed, when increasing Pfhmin increases 
something which is generally positive. However, this is obtained 
at the expense of an increase in power loss from 9% to 30% for 
a threefold increase in Pf. This is due to the fact that a higher 
flow rate of oil will reduce the average oil temperature and thus 
increase viscosity and viscous drag. 

Also, the full film region will be somewhat broader, and so the 
viscous drag will further increase. By looking at Fig. 12c it can 
be seen that Tmax is not minimized in the presence of the lowest 
loads but rather slightly higher values of this parameter. This is 
due to the fact that lightly loaded bearings typically display a 
low rate of lubricant leakage/renewal, as observed experimental-
ly [24]. However, it can be observed that an increase in Pf might 
indeed reduce Tmax significantly for light load conditions. Once 
increasing Pf from 100kPa to 200 kPa the groove temperature 
drops abruptly from 64ºC to 42ºC, a value close to the feeding 
temperature (40ºC). This indicates that the flow rate has started 
to be positive. Feeding Temperature (Tf) Lubricant viscosity, 
which strongly depends on temperature, is the parameter re-
sponsible for hydrodynamic pressure generation within the fluid. 
Therefore, the variation of Tf is likely to exert a strong influence 
not only on the temperature field, the power loss and the flow 
patterns, but also on minimum film thickness and ultimately on 
the load carrying capacity of the bearing. 

On one hand, if Tf is too low, the viscosity of the lubricant will 
be high and an excessive power loss will exist. On the other 
hand, if T+ is too high there will be no sufficient load carrying 
capacity, with risk of contact. Besides, the thermal crowning of 
surfaces due to thermal distortion will further raise the risk of 
seizure. Flow rate data but now as a function of two different 
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variables, specific load and eccentricity ratio. Within the lower 
range of specific loads (below 2MPa) the flow rate at the +90º 
groove increases when Tf rises, indicating the fall on viscosity 
suffered by the hotter lubricant. However, the opposite occurs 
for higher specific load values. The reason for this lies in the rise 
in eccentricity ratio which is much more pronounced for higher 
loads. In fact, when analyzing this same data, but seen as a func-
tion of eccentricity ratio. It is apparent that this latter parameter 
plays a decisive role in flow rates. 

For instance, negative flow rate seems to start occurring for an 
eccentricity ratio around 0.9 irrespective of the value of Tf. This 
corresponds to between 8 and 10MPa specific loads, depend-
ing on Tf. The increase of eccentricity (or the decrease in mini-
mum film thickness) with increasing Tf may be observed. while 
the effect of Tf on the maximum temperature and shaft surface 
temperature as well as power loss is displayed. As expected, the 
viscosity reduction caused by the increase in Tf with tempera-
ture yielded a decrease of the viscous dissipation and, therefore, 
of the power loss. For instance, a 30% reduction in power loss 
may be obtained when increasing Tf from 30ºC to 60ºC, for a 
specific load around 1MPa. In accordance with the experimental 
observations, the increase in Tmax is always much less than the 
corresponding increase in Tf: In this case, a 30ºC increase in Tf 
yielded increases of 7ºC for the lowest load case (Ws =0.1MPa) 
and 15ºC for the highest (Ws =10MPa) [24, 26]. 

Another interesting fact is that the increase of Tf triggered 
the appearance of the hot oil reflux phenomenon in the test 
withWs=8MPa. Groove Length Ratio (a/b) Despite the present 
thermal model being 2D (performed in the bearing midplane 
only), the pressure and flow calculations are performed in the 
whole 3D fluid domain and the thermal balances of the groove 
regions (the places where axial temperature differences might 
be significant) have incorporated the influence of a/b, as not-
ed when describing the model. The hydrodynamic pressure 
fields obtained for two bearings with dissimilar a/b ratios (0.3 
and 0.875). The two different groove geometries can be distin-
guished by observing their constant pressure plateaus (P=Pf) in 
groove regions. In the vicinity of the +90º groove and in the 
region downstream of it, it can be seen that there are some dif-
ferences between the pressure fields obtained for the two cases: 
In the case of the large grooved bearing, there is hydrodynam-
ic pressure generation immediately downstream of this groove 
extending to the whole axial length of the bearing. Groove 
Width Ratio (w/d) The increase of the circumferential extension 
of groove, also called the groove width, w, will affect bearing 
performance in various ways as it reduces the extension of the 
bush lands and therefore, there will be a loss of load supporting 
area and load capacity, especially if the grooves are close to the 
pressure buildup region. However, some caution should be taken 
with the generalization of these results. 

In fact, it has been observed before that the present model tends 
to over-predict the +90º groove flow rate in the high eccentricity 
range for the case of the twin groove bearing. This over-esti-
mation might be affecting significantly the predictions in some 
cases: if in reality and become dominant.

Thermo-Hydrodynamic Model and Findings
A thermo-hydrodynamic (THD) model for the analysis of hy-

drodynamic journal bearings with realistic lubricant feed con-
ditions was developed to investigate the influence of feeding 
parameters on bearing performance and friction reduction. The 
model incorporates the simultaneous solution of the Generalized 
Reynolds Equation (via a mass-conserving algorithm) and the 
Energy Equation within the fluid film, coupled with the Laplace 
equation for heat conduction in the bush body. To ensure realis-
tic representation, the actual groove dimensions were included 
in the pressure and flow calculations, while models for film rup-
ture and lubricant mixing at grooves were derived. A simplified 
thermoelastic model was also applied.

Validation and Robustness
The model was validated against experimental data, showing 
strong agreement with observed trends and robust performance 
across a wide range of input conditions. Although certain limita-
tions were acknowledged, the results were found to be globally 
coherent, physically plausible, and characterized by low ran-
domness.

Key Findings
•	 Feeding Pressure: Increased feeding pressure reduced bear-

ing temperature and prevented hot oil reflux. However, this 
benefit came at the expense of higher power loss.

•	 Feeding Temperature: At low loads, elevated lubricant tem-
perature decreased power loss. At high loads, however, it 
significantly increased eccentricity, maximum temperature 
(Tmax), maximum pressure (Pmax), and thermal distor-
tions, while lowering the critical load threshold for hot oil 
reflux.

•	 Groove Length Ratio (a/b): Smaller groove lengths de-
creased power loss by ~35%, but reduced cooling efficien-
cy, shortened lubricant film extent, and lowered load- car-
rying capacity. Excessive reduction risked local contact due 
to thermal crowning.

•	 Groove Width Ratio (w/d): Increasing groove width re-
duced power loss and bush temperature, with minimal effect 
on load capacity. However, the critical load for hot oil reflux 
decreased.

•	 Number of Grooves: Compared to a single groove (+90° to 
load line), twin grooves (±90°) lowered temperature and ec-
centricity at high loads. However, they increased power loss 
and made hot oil reflux more likely at high eccentricities.

Conclusion
The study confirms that lubricant feeding conditions play a vi-
tal role in journal bearing performance and must not be over-
looked in bearing analyses. Their proper optimization can yield 
substantial improvements in energy efficiency, thermal stability, 
and friction reduction. In extreme cases, feeding conditions may 
determine whether bearing seizure occurs—an aspect conven-
tional design tools cannot reliably predict.
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