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ABSTRACT

The hydrodynamic journal bearing is still one oé tmost geometrically simple mechanical
components, yet highly reliable and efficient aaloipve all, unique in what concerns to heavy
duty — high load, high speed — support of rotasihgfts.

Analytical studies, not only to understand the jtaisbasis of its performance, but also to
develop practical tools for an expedite designyels as to assure its reliability and improved
efficiency, were object of the early developmentd$luids’ hydrodynamic sciences, since the
late XIX century, and are still been refined angbioved on the XXI century.

Historical marks can be flagged as (i) simplifiathigtical resolutions of the hydrodynamic
pressure distribution; (i) computerized iteratnesolution of the full pressure development
equations; (iii) introduction of the lubricant feed conditions; (iv) analysis of the thermal
aspects and its influence on viscosity; (v) loedizaspects of fluid flow, due to
thermal/viscous phenomena and geometrical partites

This evolution led to increased accuracy on thdop@ance predictions and to safer and
higher efficiency of the designed components. Ga d¢kher hand, analysis became more
specific in use and, particularly with the introtdon of the thermo-hydrodynamic analysis,
led to the need of ‘tailored’ solutions to a givaat of specific conditions. As a consequence,
methods lost much of their ‘universality’ and easfeuse to the common and sporadic
designer.

This work intents to make a first evaluation of tiesponse of three prediction methods — a
commercial and widely used isothermal approach andisothermal and a thermo-
hydrodynamic procedures, these former developedhMinho over the last years — in an
attempt to highlight the variability of the predasts of the main performance parameters by
the use of simpler and rapid methods, when compaithdthose based on more complex and
accurate analysis, and their eventual influencaroafficient and reliable design solution.

1. A brief look at the advances on the analysis
and design of hydrodynamic journal bearings

Fundamental principles of bearing’s performanceyaigm are based on Osborne Reynolds’
work (1886) which, in turn, relies on incompressitewtonian fluid’s flow Navier-Stokes
formulation.

From these early works up to th& half of the XX century, the assumption of a proper
analytical definition of the cavitation phenomeas,a basic principle of fluid’s hydrodynamic
pressure generation (and, consequently, of bearitgad carrying capacity) lead to an
intensive research on the influence of the worki@gameters on the overall performance
predictions. A special focus was put on the infeesof feeding conditions on cavitation and
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reformation boundaries location and geometry. Adgsmeer studies on heat generation and
flow were carried on.

First design methods resulted from Sommerfeld dmuion (1904), eventually refined
through the incorporation of the ‘half-Sommerfeltid the ‘Reynolds’ cavitation boundary
conditions. This, the so called ‘long bearing’ dmn, as well as the later ‘short bearing
solution’, due to the works of Ocvirk (1952) and dois & Ocvirk (1957), were in fact
simplified solutions relaying on 2D simplified appiches, scarcely reflecting the real
geometrical and working conditions and, so, withited advantage for the designer.
Nevertheless, remarkable works such as those dBari@ & Neale (1957) and Raimondi &
Boyd (1958) must be highlighted by their major rofebehalf of engineering bearing design.

However, in the # half of the XX century, advances in iterative neattatical and
computational methods made possible the solutioth@ffull Reynolds equation, as well as
the introduction of ‘mass conservative’ solutions the analytical definition of the
circumferential fluid pressure profile — Jakobsoffri&berg (1957).

Simultaneously, increasing experimental researghlighted the relevance of the exact
definition of the fluid film extent and shape, show that it was dictated by various factors
but above all by the feeding conditions — Clayt@846), McKee (1952), Cole & Hughes
(1956), Dowson (1957).

As a consequence, a step forward in the theoretinalysis was taken, from the ‘fully
flooded’ bearing concept to the most common cir@metitial and axial feeding groove
arrangements, taking into account the influencneif dimensions, locus and intake pressure
to the overall induced film geometry.

This brought to a ‘second generation’ of calculgtmethods, taking into consideration the
influence of different feeding arrangements, qugmty lubricant flow entering, leaving and
recirculated within the bearing and establishinbeat balance, based on temperature rise
generated by viscous drag and on feeding fluidesbiment phenomena. Backed up on a
hybrid (analytical and semi-empiric) approach —rawdback due to the simplicity of the
original analytical simulation — this also implidte introduction of an ‘effective temperature’
concept, as a key part of an iterative procesgctiess the performance conditions of the
bearing based on an isothermal approach, such2b E&m no. 66023 (1966).

Later on, with the advent of implicit methods mgiblased on the work of Elrod (1981), it
has been possible to deal with the cavitation/reggion phenomena, allowing a much more
reliable prediction of film’s geometry, to whateveeding and/or other geometric conditions.

On the other hand, the unification of the thernmal the hydrodynamic theoretical approaches
accomplished by Dowson (1962) allowed the solutbflow and energy equations, with its
boundary conditions — the so-called thermohydrodynaor “Local Thermal Model”, in
opposition to the “Global Thermal Model” which onljonsidered a constant ‘effective
temperature’.

Experimental findings by Dowson et al (1966) justifthe wide use of a 2-D thermal analysis
of the journal bearings restricted to the bearinglptane — Boncompain et al (1986),
Khonsari & Beaman (1986), Ma and Taylor (1992). Saguently, the solutions evolved to
consider the conductive heat transfer across tisé bad free convection with the ambient,
thus estimating a non uniform bush surface tempergBoncompain et al, 1986; Tucker and
Keogh, 1995). On the other hand, the effect ofitamt feeding was also on focus, in order to
estimate inlet groove mixing temperature, basedhendegree of oil recirculation and fresh
oil fed — Mitsui et al (1983), Kosasih & Tieu (2004

Nevertheless, the thermal treatment of the ruptdited region was one of the fields that
received more attention, due to its importance earibg’s thermal behavior, as shown by
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Knight & Niewiarowski (1990), and several modelsreveeveloped, from that one of Knight
& Barret (1983) to the work of Nassab & Maneshiad(7), among others.

A further step was the incorporation of thermalamgion and elastic deformation predictions,
in the thermohydrodynamic model, in order to acddss bearing’s gap variation due to
temperature and pressure fields. From the simgldiéferential thermal expansion concept of
Medwell & Gethin (1984), to the full FEA solutiorf the elastic problem, Bouyer & Fillon
(2004) shown that these effects are not despicailen high load and high speed are
involved.

2. Performance prediction methods at design level

To the sporadic design of a plain journal bearthg, choice can be put in terms of a simple
and quick commercial method or a full, dedicated specifically developed analysis.

In the first alternative, there is still the optidor a rough approach, with little or none
demands on pre-specifications, or for a more cotmapbenfiguration, namely taking into
consideration different geometries and arrangemésgsding conditions, etc.

In what concerns to a more specific analysis, theralso a possible choice between a
‘lighter’ isothermal solution and a higher computdemanding thermo-hydrodynamic
method.

In this second alternative, the question reliestloa choice of an approach that allows a
dimensionless treatment of the data, with a rdstiienber of generalized parameters to be
adjusted or, on the other hand, in a problem thagtrbe tailored according to a reasonable
number of parameters, constants and even unknawttse design stage.

In the designer point of view, this means to managgaphically based method (nowadays
also possible in terms of an electronic spreadsimettto refer the built-in ‘black box’ tools
offered in broad design packages) or manipulate randa specialized, and usually rather
‘user-unfriendly’, computer code.

3. Development of the plain hydrodynamic bearing analysisat UMinho

The implementation of Elrod’s algorithm to the tsatmal analysis of the plain journal

bearing with a finite axial groove aty(f3), made by Miranda, A S (1983), brought a new
highlight on the importance of feeding conditiongmely the strong influence of groove’s

geometry on film extent and shape, in what conctriteearing’s performance prediction.

Additionally, the exploration of the ‘starvationbrcept — lubricant flow supply below its
‘theoretical’ value, with the consequent drop isocaus power loss — showed the potential
benefits in efficiency of this technique, as wedl the possibility of its quantification at a
design level.

Subsequent extension of the isothermal analysidifterent, and most common, feeding

conditions by Claro, J C P (1994) — namely onenar @xial grooves at right angle to the load
line and the ‘crown’ bearing — also conveyed therdion to new problems, such as (i) the
hydrostatic effect of the feeding pressure, onralsi groove at +90° arrangement under
lightly load, and its influence on the overall wiigx conditions, and (ii) the possible

existence of a back flow at the ‘downstream’ groare a +/-90° arrangement, actually
promoting a negative feeding effect.

Later on, the introduction of the thermal analysipplied to the bearing with one axial
groove (at +90° to the load line and to the ‘crowearing) by Costa, L (2000) promoted a
detailed analysis of the recirculating flow phenoméreverse and back flow) on groove’s up
and downstream edges, and its influence on ante#eprediction of lubricant feeding flow
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and overall bearing temperature conditions.

Finally, with the extension of the thermal analytsishe bearing with two axial grooves at +/-
90° to the load line, by Brito, FP (2009), a moftel the lubricant mixing at the groove,
coupling recirculation, reverse and backflow pheane was incorporated in the global heat
exchange analysis. The conditions for a back flovenmmena — the concept of a groove
acting as a ‘sink’, by opposition to a ‘feeding’eor was expanded and detailed, leading to
some unexpected (and not, till that moment, regpreorking conditions. Also a ruptured
film model incorporating the effect of a shaft-addee layer of lubricant, as well as an
averaged clearance gap correction, due to shaftbastt mean thermal expansion, were
introduced.

4. Comparison of results, with different analytical approaches
4.1 Objectives

In this work, a study was carried out comparinggbhgormance predictions of the isothermal
(IsoT) and the thermohydrodynami€KID) analytical methods, developed at UMinho since
1983 till 2009. Additionally, the predictions BSDU 84031, Amendment A (1991) were also
used, in order to evaluate the response of a\ydbly used commercial design method.

This exercise had as a prime objective to lookaied analyze the possible, and expected,
differences obtained in the prediction of the mparformance parameters, using methods
with different levels of sophistication.

Additionally, it also intends to be a first apprbamn the identification of possible conditions
where a lighter approach — being either a quick straightforward commercial calculation
method or a simpler and less computational demgngmocedure — may be able to get
reasonable solutions for engineering design or,tlen other hand, when a specifically
developed analysis and ‘heavy’ demanding — in @siog time and skills of the designer —
has to be used, in order to ensure the relialaliy the efficiency of the resulting component.

4.2 The generic case selected

A basic geometry with a nominal diameter (d) of It and a length (b) of 80 mm, with
axial feed groove dimensions of 80 mm length (aJ 48 mm width (w), was arbitrarily
chosen.

A mineral oil (with 29.3/5.5 mPa.s at 40°/100°@)y fat 40°C and a pressurg) @ 0.1 MPa
and two alternative axial groove feeding arrangem@ne groove at +90° and two grooves at
+/-90° to the load line) were considered.

In what concerns to working conditions, a fixed fshatating speed (N) of 3000 rpm was
selected and, in order to cover a reasonable specaif conditions, eccentricity rati@)(was
varied from 0.3 to 0.9, corresponding to expectadi Icarrying capacities ranging from over
1 kN to around 7 kN.

4.3 Some particularities of theimplementation

i) The ESDU design method relies on an iterative E®d® to adjust the value of an
‘effective temperature’ (Te), required to achiewawergence of the relevant performance
parameters.

() It is worth noting that this procedure is complgtexogenous to the isothermal resolution of thsid
equations of flow, being the result of a thorougimpilation and treatment of empirical, experimeratad
practical data, which assures a remarkably simptecuick convergence of the calculation processtier
determination of the ‘effective temperature’, whicies the all solution.
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Already present in item no. 66023 (1966), and exfinn item no. 84031 (1984), an
additional iteration was added in item no.84031 Adment A (1991) to take into
account the mixing of fed and recirculated floweef at groove’s level temperature
(Tgroové-

Furthermore, as an additional help in design, atypoocessing’ procedure is offered, to
calculate the expected maximum temperatupgf Within the bearing — not despicable if
low melting point lining materials are used in thesh — and also the average temperature
of lubricant leaving the bearing {), as a measure and prevention of oil degradatyon b
oxidation.

i) As the IsoT is not meant to be a complete desigoguiure, it has no intrinsic means to
evaluate beforehand a lubricant relevant viscosdlue (or the equivalent lubricant
temperature) to be used in the subsequent calontatwhich determines the results
achieved.

In this study, the ‘effective temperature’ (Te) alaibtained by ESDU method were
primarily used as a reasonable approach. Howelerdévelopment of the comparisons
led to an alternative option, as detailed ahead.

iii) The THD analysis performs an iterative processarmhg heat generated internally by
viscous drag and that one transferred to the emwiemt, in the determination of the
fluid’s temperature distribution.

This means that not only specific data — such aghibrmal characteristics of the bush,
ambient temperature, etc. — must be selected befode but also that are exclusively
used by this method, with no link with ESDU or Iscdlculations.

4.4 Comparisonsof bearing performance predictions
4.4.1 Temperature

Due to its key role in the theoretical determinatad the overall performance of the bearing,
(besides the problems detailed above, in what ¢ante the differences in the analytical
methods used) first considerations must be basdéroperature predictions, which directly
relate to the lubricant viscosity values employethie calculation process.

In Fig.1(a) a plot of all the various temperatusesdicted by ESDU, against eccentricity ratio
(€), is shown.

A fact that must be highlighted is that ESDU methiodits later version, doesn’t make any
distinction for the existence of one or two grogviesthe calculation of all performance
parameters including temperature. So these curvessenilar to the two geometries
considered here.

Besides that, the most remarkable is the predictbithe temperature at the groove(s).
Although the ‘effective temperature’ (Te), whichtl®e main parameter for the calculation
procedure, presents a strong increase for valugg)adbove ~0.5 — with the maximum
temperature (fay and the average lubricant outlet temperaturgy)(Tollowing the same
trend — on the other hand «Jg, which theoretically reflects the mixing effect the
recirculated lubricant with that one fed througk troove, presents a continuous drop.

This can be interpreted as an increasing capabilitgcally refreshing the bearing, well over
passing the effect of the heat internally generategpite of the heavier loading conditions.
With an entry temperature kept constant, the omdplamation relies on an increasing
preponderance of feeding over recirculated flowe@sentricity rises.
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Fig.1 — Comparison of ESDU temperature predictions

Detailed discussion of this particularity is beyotite scope of this work, but a simple
comparison with the results of THD analysis — Hig) - hardly sustain this hypothesis.
Nevertheless, (foovd Can be looked as a secondary parameter — dinettlfed to the native
ESDU mixing phenomena modeling — and attention rnayfocused on the temperature
parameters that can closely be associated withgheflow along the bearing.

Fig.2 shows the predictions for (a) the maximumperature within the bearing and (b) the
side flow mean lubricant temperatur®. (n both graphs, (Te) was also added as a dashed
line.

As can easily be seen, in spite of the simplicftyhe calculating process, the trend of ESDU
temperatures’ predictions stays fairly close td tfdahe THD analysis.

However it is worth noting that, taken into consaten that the net temperature values have
a significant influence on the resulting lubricamgcosity, tolerance for those predictions is
usually constrained to#£2° window.

In a closer view it can be observed that, curiouiigre is a reasonable proximity of the
maximum temperature k) curves, for the geometry with one groove at +@0fhe load
line — green and blue lines, on Fig.2(a) — exceptéry low eccentricities.

On the other hand, a good correlation is obtaimedHe side flow mean temperature,{J;
for the two grooves at +/-90° arrangement — redtdod lines, on Fig.2(b) — which, in this
particular case, is also closely followed by the)(@urve.

(®) Due to differences inherent to the procedures] fm simplicity of the calculations, the mean shaf
temperature (4,25 predicted by THD analysis is used here, for caispa with (T,,) of ESDU method.
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Fig.2 — Maximum and side flow temperaturesuversusTHD)

4.4.2 L oad capacity and Power loss

For a given application, and in a first approaolad capacity is the key working parameter, as
it is for supporting it that the bearing is intedd®. Simultaneously, in a designer point of
view, the main objective is to achieve a set ofditions that ensures a resulting eccentricity
within an acceptable range of values, to guaramtesfe operatiorf)

As the hydrodynamic pressure development — whiategges de load carrying capacity —
directly depends on fluid’s viscosity, and so antémperature, heat produced by viscous drag
— mainly translated in power loss within the begrih makes the balance of these two
parameters the basic challenge for the all perfaoaarediction.

Fig.3 shows load carrying capacity curves, forttiree analyses.

First remarks are that IsoT predictions are almodistinguishable, for the one and two
grooves arrangements, and that they display infstgnt differences to those of ESDU.

On the other hand, THD analyses give values th#ferdifor the different groove
arrangements, always lower than all the others eledrly divergent with increasing
eccentricity.

Though, it is worth noting that while for one greoat +90° the differences range from -30%
to -40%, fore=0.6 to 0.9, this is certainly not the case for tgrooves at +/-90°, where
discrepancies don’'t overpass the -15% along theaalje (although, in net values of load
capacity, that mean differences from around -2.kN).

(® As it was not intention of this work to analyzediscuss additional problems arising from extrgntegh or
low eccentricity ratio regimesg) was restricted to a conservative [0.3, 0.9] wdkrusually considered as
within the ‘normal’ operating ranges.
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However the most noticeable is that, recalling iebavior of ESDU maximum temperature
predictions for one groove at +90°, when compareth wthose of (Te), as discussed
previously — Fig.2 — the fact is that if IsoT loe@pacity is calculated based on.{) and not
on (Te) values, the discrepancies drop to a maximoithi2% (as displayed by the light green
line, plotted in Fig.3).

In what concerns to power loss — Fig.4 — once ag8BU and IsoT show very close net
predictions and overall trends, although the last dearly differentiates the influence of the
groove arrangements.

The noticeable convergence with increasing ecagtytrifor the two grooves case — red line,
in Fig.4 — is however the most unexpected resaking into account the behavior observed
by all the other relevant parametefs (

Nevertheless, as well as for the load capacity,ube of (T.ay instead of (Te) in the IsoT
calculation process for the one groove arrangemeadls not only to closer predictions but
also to a significant change in the trend of theveugetting it to a closer path of the THD
one.

4.4.3 Lubricant flow rate

Flow rate is the most sensitive parameter to thtufes that may, or may not, be incorporated
in a theoretical analysis, as it is directly infhged by the pressure development within the

() Recalling the general idea that postulates a gmmove arrangement as an usual way of increasing
refreshment of the bearing — and consequentlyweiddemperature and higher viscosity levels — thaans
that, for similar conditions, an higher power logshis arrangement could reasonably be expected.
However, Fig.4 shows that this effect only happfmseccentricity ratios above ~0.6, which may iradé&
that this can be an exceptional conjugation of waykconditions (to which, apparently, only the THD
analysis has enough sensitivity) but conclusiomnotibe driven in a simple and straightforward way.
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bearing, film shape and extent, lubricant tempeeaind consequent viscosity distribution
and, eventually, by the overall feeding conditiossch as lubricant inlet pressure and
temperature, shape, position and number of thevgsyetc.

Fig.5(a) shows the predictions obtained by eachobhiee methodologies.

In spite of the differences previously noticed begw ESDU and IsoT analysis, in load
capacity, power loss and working temperature —eeittsing of (Te) or (a9 — the curves on
flow rate are noticeably close together. And nagrethe consideration of the two different
feeding arrangements, made by IsoT, seems to adpeaoeptible difference to its results.
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Fig.5 — Lubricant flow rate

But the most remarkable is the discrepancy betvieese two and the THD analysis. When
comparing with ESDU predictions, differences rigaf -16% at=0.3 to -29% and -26% at
€=0.9, for the one and two grooves arrangementpgeotively. Differences to IsoT are even
marginally higher, as its curves remain always uridese of ESDU.

One reason for the discrepancies might be the astear correction adopted by the THD
method when accounting for average thermal expansieurthermore, taking into
consideration that both ESDU and IsoT analysesigredbstantially higher power losses —
Fig.4 — and working temperatures that, at least(f@) and one groove at +90° can be
substantially lower — Fig.2 — a considerably loflew rate (also diverting with eccentricity)
could reasonably be expected as a result of thealb\alculation. This could be interpreted
as a ‘deficient’ account, by these simpler analyses the refreshing action of feeding
lubricant via a single groove at +90°.

In what concerns to the two grooves arrangementeV@8DU and IsoT temperatures shown
to be within a reasonable tolerance to those of Th, the behavior of power loss

predictions — as pointed out previously — do ndp lie understand the differences on flow
rate (in spite of a closer overall trend, in thése, by comparison to that obtained for one

FEUP, Porto, Portugal, 20-21 June, 2013 9



IBERTRIB 2013

groove).
The explanation to this oddity can rely on a cldsek to the contribution of each specific

groove. Fig.5(b) displays not only ESDU and THDbglbflow rate predictions, but also the
flow rate entering through each groove, individyadis calculated by the second analysis.

As can easily be seen, the flow through the gr@iv90° suffers a drastic drop arowsd.5,
which goes below that one of the groove at -90%#d.7, and not only vanishes but starts
acting like a ‘sink’ (negative flow) fog>0.85.

This is something that a method such as ESDU caamrmimmodate but that, theoretically,
the IsoT analysis could predict and deal with. alitbh, apparently the thermal phenomena
can play a decisive role on its development, as TeHnlts show.

Nevertheless is yet to be understood how, when eomgp THD predictions with the others, a
drop/negative flow on one of the grooves is comptatsby the flow on the other groove — as
the total net flow keeps higher — and how that egafjes with a simultaneously strong
increase in power loss, with a shallower (or, aste‘delayed’) rise in working temperature
and no evidences of influence on the total loacgciyp.

4.4.4 Attitude angle and Center locus

Not being a decisive design parameter, the behafidhe attitude angle with eccentricity
ratio — Fig.7(a) — can be relevant in reasoninget@ution of the clearance/entry gap — i.e.,
in the region of the groove(s) — due to its diiafitience on feed flow rate.

-
[

g ——THD {+90°) € v !
= i 1
o ey | 0T (+ 9P |
g 4 |
g —_—EsDl ) jj ]
z THD (+i-90° L N/ [
-g ST T, . S ——— - {+-90%) .- - \ . / \\’1\ f
= =0T (+/-907 o
{ f
/
/
. /
~ /
L T T, . i S \j/
//
7
/’/
Y
30
e THD (400
a1 2miNa|
mn THD) (#1007
. _
15
ns N4 ne 0 & 10 (b) Center locus
(a) Attitude ang|e¢() (ESDU and IsoT center locus are coincid

Fig.7 — Attitude angle versus Eccentricity ratio

In Fig.7(b) the same results are plotted in a pfaem which, allowing to visualize the shaft
center locus path, highlights not only the différeesults between a simpler and a more
detailed analysis, but also the remarkable diffeesrthat can be observed for the two feeding
groove arrangements considered.

Here the hydrostatic effect of feed pressure, foumthe single groove but absent in twin
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groove configuration (as the effect on one groeveancelled by the opposite one) is apparent
for low eccentricities, where the bearing is looser

5. Conclusions

5.1 Prologue

A comparison of results from different methodseser a straightforward task.

In this work, and although with similar origin, ogi the same basic fluid's flow
hydrodynamic methodology, the fact is that one (B¥Ds a complete design method,
incorporating a pre and a post-processing prodessailows the user to have a complete
definition of the bearing starting from scratch, etpenses of a mixed empirical and
experimental set of relations exogenous to theyéinal procedure.

On the other hand, isothermal approaches (like)lg@fform a throughout modeling of the
geometric characteristics of the bearing — namatyféeding conditions — treating the whole
set of parameters in a dimensionless manner. Tlkasvsa for an ‘universal’ and very
convenient process of analysis, but the translatomneal’ parameters must be based on the
knowledge (or arbitrary evaluation) of a ‘mean’ighnt temperature and/or viscosity.

In what concerns to the thermo-hydrodynamic ansly3iHD), besides its own set of
restrictions and simplifications — specially thenenent impossibility of a dimensionless
treatment and processing, for direct comparisoh V&ibT — can/must take into consideration
and a priori several ‘surrounding conditions’ such as ambierhgerature, the thermal
conductivity of the materials, etc. which cannot&lveided or even standardized.

Besides, when comparing isothermal with thermo-bggnamic analyses, a strong influence
of eccentricity may be anticipated, as for low edwf €) a more homogeneous temperature
can be expected, and so an average temperaturé¢oleathir solution, while higher values
produce large temperature gradients, and the qunsiitue of the "effective temperature” can
represent a very rough approach for the deternoinati the overall performance.

5.2 Analysisof results

In spite of the ‘narrow’ vision of the study, usiogly one set of conditions (bearing and
groove dimensions, rotating speed, feed pressubgichnt, etc.) although for a reasonable
range of eccentricity ratios — translating a reigliset of operating conditions, within the most
common working regimes expected in general mechanicsome earlier, but interesting,
conclusions can be driven from this study, namely:

-in what concerns to the one groove arrangementltsesdicate that a ‘temperature
‘correction can lead to closer prediction on batad capacity and power loss of the IsoT
approach which, in turn, if integrated in the cédtion process, can be expected to correct
flow calculation;

- for the two grooves arrangement, the same challseges to be possible, as long as the
conditions of occurrence of certain ‘oddities’ (suas a negative flow) are previously
defined and avoided as, at least for the momeatgetls no evidence that the IsoT model
can cope properly with that phenomena.

5.3 Futuredevelopments

As previously referred, this work is only an eadgproach to a broader task of trying to
delineate application boundaries of the differesnels of analysis, for the plain journal
bearing.
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Only extending it, in terms of a considerable ranfjgeometries and working conditions, but
above all to compare the various predictions wihegimental results, can highlight the real
trends of the different working parameters andvaltbe discussion on accuracy, reliability
and limitations of each type of analytical appraach

Nevertheless, and according to the points listedap

- it is possible to devise a longer range task, deoto built up a ‘*heat balance’ capable of,
within limits to be well defined, make possible tee of a (much lighter and even reduced
to a simple iterative automatic calculation methabthermal analysis, capable of a
reliability closer that one of a heavy and spealfic design thermo-hydrodynamic
procedure;

- The negative flow situation, on a two grooves ageament, as indubitably seems to be a
phenomenon that can arise on very particular cistantes, only with further
investigation these can be characterized and desmfyzed, in order to evaluate how
reasonably an IsoT approach can deal with, andatetheir effect on the results.

As a final point, it is worth stating that a simplaethod can be fair enough to evaluate a
restrict set of operating conditions, eventually anreasonable range, but will never be
applicable for all possible situations — mainly fugh design standards, when looking for
optimal efficiency level for designing and/or maxamg the potentialities of the bearing.
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