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Chapter 10
 Hydrodynamic JournalBearings - AnalyticalSolutions
 Symbols
 A integration constanth width of bearing, mc radial clearance of journal bearing,
 me eccentricity of journal bearing, mft film thickness, mftm film thickness where
 dp/c%< =1 0, mTVa angular velocity, rpmP dimensionless pressurePm dimensionless pressure where
 p pressure, N/m^Pm pressure where dp/<%) = 09 volumetric How rate, m^/sq^ volumetric flow rate per width
 in transverse direction, m^/s<7 , volumetric How rate per width in
 < < direction, m^/sQ dimensionless How rater radius of journal, mfa radius of shaft, m?"b radius of journal, m
 dimensionless resultant loadin a journal bearingresultant load per unit widthin a journal bearing, N/mload per width perpendicularto line of centers, N/mload per width along lineof centers, N/mnormal applied toad, Nangle used in defining filmthickness in journal bearingSommerfeld variableeccentricity ratio, e/eabsolute viscosity, Pa-sabsolute viscosity at p = 0and constant temperature, Pa-sattitude angleangle in cylindrical coordinatesangle where o!p/d< =0angle where p = 0 and dp/ = 0angular velocity, 2.%., rad/sangular velocity of surface &, rad/s
 269
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270 FUNDAMENTALS OF FLUID FILM LUBRICATION
 Figure 10.1: Hydrodynamic journal bearing geometry
 10.1 Introduction
 The past two chapters have dealt with slider bearing pads as used in thrustbearings. The surfaces of thrust bearings are perpendicular to the axis of rota-tion as shown in Fig. 8.3. This chapter and the next deal with journal bearings,where the bearing surfaces are parallel to the axis of rotation. Journal bearingsare used to support shafts and to carry radial loads with minimum power lossand minimum wear. The journal bearing can be represented by a plain cylindri-cal sleeve (bushing) wrapped around the journal (shaft) , but the bearings canadopt a variety of forms. The lubricant is supplied at some convenient point inthe bearing through a hole or a groove. If the bearing extends around the full360° of the journal, it is described as a "full journal bearing." If the angle ofwrap is less than 360°, the term "partial journal bearing" is used.
 Journal bearings rely on shaft motion to generate the load-supporting pres-sures in the lubricant film.. The geometry of the journal bearing is shown inFig. 10.1. The shaft does not normally run concentric with the bearing. Thedisplacement of the shaft center relative to the bearing center is known as the"eccentricity." The shaft's eccentric position within the bearing clearance isinfluenced by the load that it carries. The amount of eccentricity adjusts itselfuntil the load is balanced by the pressure generated in the converging lubri-cating Rim. The line drawn through the shaft center and the bearing center iscalled the "line of centers."
 The pressure generated and therefore the load-carrying capacity of the bear-ing depend on the shaft eccentricity, the angular velocity, the effective viscosityof the lubricant, and the bearing dimensions and clearance.
 The load and the angular velocity are usually specified and the minimum shaft
 Copyright © 2004 Marcel Dekker, Inc.
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INFINITELY-WIDE-JOURNAL-BEARING SOLUTION 271
 x; 0
 Figure 10.2: Unwrapped fUm shapein a journal bearing.
 diameter is often predetermined. To complete the design, it wilt be necessaryto calculate the bearing dimensions and clearance and to choose a suitablelubricant if this is not already specified.
 The approach used in this chapter is to present two approximate journalbearing solutions: (1) an infinite-width solution (side leakage neglected) and(2) a short-width-journal-bearing theory. These two approximate solutions willillustrate the many important characteristics of journal bearings.
 10.2 Infinitely-Wide-Journal-Bearing Solution
 For an infinitely wide-journal-bearing solution the pressure in the axial directionis assumed to be constant. This approach is valid for diameter-to-width ratios(A = 2r;,/&) less than 0.5. The integrated form of the Reynolds equation canbe written from Eq. (7.52), while assuming a constant viscosity, as
 dp(7.52)
 where / denotes the film thickness when dp/da; = 0. Now
 dp(10.1)
 The transition from Eq. (7.52) to (10.1) is acceptable, since the film thicknessis small relative to the shaft radius and the curvature of the lubricant film canbe neglected. This implies that the Him shape can be unwrapped from aroundthe shaft and viewed as a periodic stationary profile with wavelength 27rrb andthat the plane surface of the shaft is moving with velocity w as shown in Fig.10.2. From Fig. 10.1,
 1cos a = — [?t + 7*6 + e cos (?r — <)]
 .-. /t = To cos a — ?*b + e cos <: (10.2)
 Copyright © 2004 Marcel Dekker, Inc.
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272 FUNDAMENTALS OF FLUID FILM LUBRICATION
 From the law of sines,'a
 sin a sm <
 .'. sin a =r«
 and2 ,1/2
 ^ ' ' (10.3)
 Substituting Eq. (10.3) into Eq. (10.2) gives
 2= ?*Q 1 — [ — ) sin^ ci) — ft + e cos ai<
 But
 g ,2 1^ , / , \2
 1 — ) , ... . , ^ 9 \ ,- / ***** ^ S \ r^\*a/ *^\'a
 n2
 or, since r - r& = c,
 If— )sin^-If— ) sin -... (10.4)2 \r^y 8 \r./ J
 Since the ratio of e/r is of the order of magnitude 10" , Eq. (10.4) can besafely reduced to
 /t = c(l + ecos<^) (10.5)
 wheree = - (10.6)
 cis the eccentricity ratio. Note that 0 < e < 1.
 Substituting the Him thickness equation (10.5) into Eq. (10.1) gives
 ,,,,-(10.7)
 An expression for the pressure distribution can be obtained by direct integrationofEq. (10.7)
 1 /i^
 Copyright © 2004 Marcel Dekker, Inc.
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INFINITELY-WIDE-JOURNAL-BEARING SOLUTION 273
 Table 10.1: Relationship between anglefor various eccentricity ratios 6.
 and Sommerfeld variable *y (degrees)
 Circum-ferential
 coordinateangle, ), deg
 0102030405060708090100110120130140150160170180
 Eccentricity ratio, e0.2 0.4 0.5 0.6 0.7 0.8 0.9 0.95
 Sommerfeld variable, % deg0
 8.1716.3824.6833.1041.6850.4759.5168.8378.4688.4398.76109.47120.53131.94143.66155.62167.76180.00
 06.5513.1619.8926.8033.9541.4149.2557.5666.4275.9286.1497.18109.07121.85135.48149.85164.77180.00
 05.7811.6217.5823.7330.1336.8744.0251.6960.0069.0679.0190.00102.14115.54130.20146.03162.76180.00
 05.0110.0715.2620.6226.2432.2038.5945.5253.1361.5771.0581.7893.99107.89123.62141.14160.15180.00
 04.218.4712.8417.3622.1627.2632.7838.8345.5753.1861.9272.0884.0398.18114.93134.46156.47180.00
 03.346.7210.2013.8317.6721.7826.2731.2536.8743.3350.9160.0071.1184.96102.41124.24150.58180.00
 02.304.637.039.5412.2115.0918.2521.7928.8430.5836.2843.3452.3964.4481.14104.90138.25180.00
 01.603.234.916.678.5410.5612.7915.3018.1921.6025.7631.0037.9047.4961.7284.48122.66180.00
 Note: When e = 0, T = 0. When c = 1, -C = 0. For 180° < < < 360° the relationship is
 10.2.1 Full Sommerfeld Solution
 The procedure for evaluating integrals of the type
 (1 +
 is to introduce a new variable *y = tan ( </2). With this procedure the pressurecan be evaluated, but the expression is not particularly useful, since it is difficultto obtain the load components from a further integration.
 Sommerfeld in 1904 neatly overcame these difficulties by using the substi-tution
 1 + e cos (A =1
 1 — € COS -y(10.9)
 This relationship is known as the "Sommerfeld substitution," and *y is knownas the "Sommerfeld variable." Table 10.1 shows the relationship between thecircumferential coordinate angle and *y for a number of eccentricity ratios.From Eq. (10.9) the following can be written:
 Copyright © 2004 Marcel Dekker, Inc.
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274 FUNDAMENTALS OF FLUID FILM LUBRICATION
 1/2 „;-
 (10.10)1 - e cos 7
 1 — € COS 7
 "'"- (10.12)
 1 — e cos 7
 Making use of the Sommerfeld substitution and the periodic boundary conditionyields
 *-"/U'- & .';!/''; tctui-^^^ I t.- -.3 y /ir.i^\
 P - Po = ^ ,,,... T72 (10.15)
 where Po is the pressure at the point of maximum fUm thickness. This equationrepresents the Sommerfeld solution for pressure distribution in a fuH journalbearing. In dimensionless form this equation becomes
 Booker (1965) has developed a useful tabulation of integrals normally encoun-tered in journal bearing analysis.
 The pressure distribution is shown in Fig. 10.3 for a full Sommerfeld solu-tion. Note that positive pressures are generated in the convergent film (0 < < < ?r)and negative pressures in the divergent film (?r < < < 2?r). Figure 10.3 showsthat the pressure distribution is skewed symmetrically, with the numerical val-ues of the maximum and minimum pressures and their locations relative to thepoint of minimum film thickness being equal. In the derivation of Eq. (10.15),which is a problem at the end of this chapter,
 2c fl - e2) , ."' Q -1- ,;2 y*-.* . y
 Making use of Eqs. (10.17) and (10.5) gives the value of where dp/c& = 0 as
 < = cos** —I L (10.18)
 Note that < n —) ±?r/2 as e —> 0 and —> ±7!* as e —* 1. From Fig. 10.3 themaximum pressure occurs in the second quadrant, and the minimum pressure
 Copyright © 2004 Marcel Dekker, Inc.
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INFINITELY-WIDE-JOURNAL-BEARING SOLUTION 275
 Figure 10.3: Pressure distribution for fullSommerfeM solution.
 Figure 10.4: Coordinate system andforce components in a journal bear-ing.
 in the third quadrant. The maximum and minimum pressures are equidistantfrom the line of centers.
 The maximum dimensionless pressure can be written from Eq. (10.16) as
 \ 2^ -Po 6e sin (2 + e cos <
 Making use of Eq. (10.18) and
 sin <Pm = 1 — <
 gives
 (10.19)
 Note that P , - 0 as € —< 0 and P —^ oo as e —t' 1.Once the pressure is known, the load components can be evaluated. It is
 convenient to determine the components of the resultant toad along and perpen-dicular to the line of centers. The coordinate system and the load componentsare shown in Fig. 10.4, where
 M^ = load component per unit width perpendicular to line of centers, N/mu = load component per unit width along line of centers, N/mw . = resultant load per unit width (equal but acting in opposite direction
 to applied load), N/m$ = attitude angle (angle through which load vector has to be rotated in
 direction of journal rotation to bring it into line of centers)
 Copyright © 2004 Marcel Dekker, Inc.
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276 FUNDAMENTALS OF FLUID FtLM LUBRICATION
 Figure 10.5: Vector forces acting ona journal.
 From Fig. 10.5, which shows the vector forces acting on the journal,
 w . = / pr& sin(7r —Jo<.27T
 M^ = / pr cos(?r —Jo
 These equations reduce to
 /^ = / P*"t< sin t d^
 Jo
 ^ = — / pr;, cos c!<Jo
 Equations (10.20) and (10.21) can be integrated by parts to give
 (10.20)
 (10.21)
 COS
 7
 M/ =r f* 7o
 . / dpz = / sm*P-— "
 Jo "V*Substituting Eq. (10.7) into these equations gives
 (10.22)
 (10.23)
 (10.24)
 (10.25)
 Now r esin'Y \2\3/2 j"^ /
 Copyright © 2004 Marcel Dekker, Inc.
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INFINITELY-WIDE-JOURNAL-BEARING SOLUTION 277
 - 2 ' \ ^-j ^ i I
 4(1 - e ) /-^=o
 o (.1 +
 ^ sin
 Substituting these integrals into Eqs. (10.24) and (10.25) gives
 /TAc/
 esin-y -2-/(2
 4(1-62)
 Making use of Eq. (10.17) yields
 and
 = 0 (10.27)
 This result demonstrates that for a full Sommerfeld solution the resultant nor-mal load acts at right angles to the line of centers; that is, the attitude angle is90°. As load is applied to the bearing, the journal center moves away from thebearing center at right angles to the load vector.
 $ = 90° (10.28)
 t = w^ (10.29)
 Making use of Eq. (10.17) yields
 (10.30)
 where the dimensionless resultant load-carrying capacity is a function of theeccentricity ratio alone.
 Attention is drawn to two important cases for full Sommerfeld solutions:
 Copyright © 2004 Marcel Dekker, Inc.
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278 FUNDAMENTALS OF FLUID FILM LUBRICATION
 1. e -* 0 as tVr -> 0.
 2. e -> 1 as Wr -> oo.
 The first case demonstrates that when the shaft is concentric relative to thebearing (constant clearance around the bearing), the bearing does not have anytoad-carrying capacity. The second case demonstrates the tremendous potentialof a fluid film journal bearing for supporting radial loads. The result suggeststhat load increases can be accommodated by operating at higher eccentricityratios, but this suggestion must be tempered by the knowledge that side leakagehas been neglected, that bearing surfaces are not perfectly smooth, and thatrestrictively high temperatures will occur in the thin oil Rims that exist at higheccentricities. The operating eccentricity must be selected with several designpoints in mind, but as a design guide it is worth noting that most journalbearings operate with eccentricity ratios between 0.5 and 0.8.
 10.2.2 Half Sommerfeld Solution
 It has been noted that the Sommerfeld solution for a full 360° journal bearingleads to the skew-symmetrical pressure distribution shown in Fig. 10.3. Thepressures in the divergent film are all lower than ambient pressure. Such pres-sures are rarely encountered in real bearings. Mineral oils contain between 8and 12% dissolved air. This air will start to come out of solution whenever thepressure falls below the saturation pressure. In many situations the saturationpressure is similar to the ambient pressure surrounding the bearing, and in thesecases gas liberation will maintain the pressure in the divergent clearance spaceat close to the ambient level.
 This hindrance to predicting subambient pressures by the normal Sommer-feld analysis has led to the suggestion that the subambient pressures predictedby the analysis should be ignored. This approach, which limits the analysisto the convergent film, is known as the "half Sommerfeld solution." The ap-proximation does, in fact, lead to more realistic predictions of some bearingcharacteristics, but the simple approach leads to a violation of the continuity ofmass flow condition at the end of the pressure curve. The boundary conditionto be applied at the outlet end of the pressure curve, where the Ml lubricantfilm gives way to a ruptured or cavitated film composed of a mixture of gas andliquid, is discussed later.
 The pressure distribution assumed for the half Sommerfeld solution is ex-actty that shown in Fig. 10.3 for the region < = 0 to ?r. However, from < = n*to 2?r, instead of the negative pressures shown in the figure, the pressures arezero.
 f^o<^<7r (10.31)o6 , + e + €cos< " *
 andP = 0 for ?r < < 2?r (10.32)
 Copyright © 2004 Marcel Dekker, Inc.
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INFINITELY- WIDE-JOURNAL-BEARING SOLUTION 279
 The equations for the film thickness at the location of maximum pres-sure /t , the angle of maximum pressure < and the maximum dimensionlesspressure P are exactly the same as those developed for the full Sommerfeldsolution. That is, Eqs. (10.17) to (10.19) provide values of , ( i, and 7- forthe half Sommerfeld solution.
 The load components per unit width tu . and w^ given in Eqs. (10.20) and(10.21) are exactly the same for the half Sommerfeld solution except that theintegration limits must be written as 0 to ?r. When this is done, the loadcomponents turn out to be
 /^b\^(7) -,1,"=
 (10.34)
 Introducing Eq. (10.17) for into Eqs. (10.33) and (10.34),
 — (10.35)
 Note that tu . in Eq. (10.35) is one-half the corresponding full Sommerfeld so-lution, since the resultant contribution of subambient pressures perpendicularto the line of centers is neglected in the present case. In addition, note that forthe half Sommerfeld solution u is not zero as it was for the full Sommerfeldsolution, since the contributions from the convergent and divergent films do notnow cancel.
 In dimensionless form these components become
 = 1 ,, ,, (10.37)
 The resultant load is
 In dimensionless form the resultant load is
 Copyright © 2004 Marcel Dekker, Inc.
 Dow
 nloa
 ded
 by [
 Xi'a
 n Ji
 aoto
 ng U
 nive
 rsity
 ] at
 00:
 31 1
 2 Ju
 ne 2
 015

Page 12
                        

280 FUNDAMENTALS OF FLUID FILM LUBRICATION
 Figure 10.6: Location of shaft center forfull and half Sommerfeld journal bearingsolutions.
 The attitude angle can be written as
 (10.41)
 Note that $ = 90° when e = 0 and $ = 0° when e = 1. The shaft starts tomove at right angles to the applied load at extremely light loads, but ultimatelythe shaft meets the bearing along the load line. The locus of the shaft centerfor full and half Sommerfeld conditions is shown in Fig. 10.6.
 10.2.3 Reynolds Boundary Conditions
 As described earlier, the half Sommerfeld solution results in more realistic pre-dictions of load components, but this simple approach leads to a violation ofthe continuity of mass flow at the outlet end of the pressure curve. That is, inFig. 10.3 the pressure suddenly becomes zero at <& = ?r and then stays at zerofrom 7r to 2?r. The pressure distribution approaching ?r violates the continuityof mass flow condition. A better boundary condition is the Reynolds boundarycondition, where
 and =$02:
 at < = (10.42)
 Figure 10.7 shows a pressure profile for a bearing using the Reynolds boundarycondition.
 10.3 Short-Width-Journal-Bearing Theory
 It is shown in Chapter 9 for thrust bearings that side leakage can account fora substantial reduction in the theoretical prediction of fluid Him bearing load-carrying capacity. The complete solution of the Reynolds equation [Eq. (7.48)]
 Copyright © 2004 Marcel Dekker, Inc.
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SHORT-WIDTH-JOURNAL-BEARING THEORY 281
 Figure 10.7: Pressure profile for a journal bearing using Reynolds boundarycondition.
 for three-dimensional Bow generally requires considerable computational effort.A useful approximate analytical solution that takes account of side leakage waspresented in 1953 by DuBois and Ocvirk.
 When Ma = t = v& = 0, <9a; = 7*&d , m = r&^b, and the viscosity isconstant, Eqs. (7.38) and (7.39) become
 dp(10.43)
 127/0 <(10.44)
 DuBois and Ocvirk (1953) state that for short- width journal bearings the term( 3/12%n.) (dp/%) in Eq. (10.43) is small relative to /trnJb/2. That is, forshort-width journal bearings the pressure-induced How in the circumferentialdirection is small relative to the Couette Bow term. Therefore, they assumethat
 <4 = (10.45)
 It should be emphasized that this assumption implies not that dp/dx = 0, butthat (/i,3/12?7or[,) (dp/d< ) is small in terms of /tr b/2 for short-width journalbearings. This assumption further implies that the Poiseuille (pressure) Bowis more signiRcant in the y direction than in the circumferential (< <) direction.The result of this assumption is that the Reynolds equation given in Eq. (7.48)reduces to
 Copyright © 2004 Marcel Dekker, Inc.
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282 FUNDAMENTALS OF FLUID FILM LUBRICATION
 The short- width-journal-bearing theory is valid as long as the diameter-to- widthratio is greater than 2 (A > 2). Of course, the larger A/, is, the better theagreement with the exact theory.
 Assuming no misalignment, the film thickness is a function of < only, andhence the right side of Eq. (10.46) is independent of y. Integrating twice gives
 Now the ?/ axis is chosen to be in the center of the bearing so that the boundaryconditions, as they relate to the y coordinate, can be written as
 6p = 0 when y = ± -
 Making use of these boundary conditions results in
 ,4 = 0
 _"
 The film thickness in a journal bearing was denned in Eq. (10.5). The filmthickness gradient can be written as
 — = -esin<^ (10.49)a<p
 Substituting Eqs. (10.5) and (10.49) into (10.48) gives
 3w \ sin^ forO<^<?r (10.50)2 " 3 -^- ^ ^
 This equation shows that the parabolic function governs the axial variation ofpressure, whereas the trigonometric function dictates the circumferential vari-ation of pressure. Subambient pressures predicted by Eq. (10.50) are ignored,and it is assumed that the positive pressure region from < < = 0 to < < = 7r carriesthe total load of the bearing (half Sommerfeld assumption).
 The location of the maximum pressure is obtained when dp/di^ = 0. FromEq. (10.48)
 I d
 Copyright © 2004 Marcel Dekker, Inc.
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SHORT-WIDTH-JOURNAL-BEARING THEORY 283
 Substituting Eqs. (10.5) and (10.49) into this equation gives
 But sin^ < m = 1 ** cos < ) t
 (10.51)
 Note that (^ - ±?r/2 as € —^ 0 and ( —) ±7r as e —) 1. The maximumpressure occurs when < = mt and y = 0. Therefore, from Eq. (10.50) theequation for the maximum pressure is
 (10.52)
 The load components resulting from the pressure development parallel and per-pendicular to the line of centers under the half Sommerfeld assumption are
 /-7T /.h/2
 2 = 2 / / p7*&sin<^6^/d(A (10.53)7o Jo
 (10.54)
 Substituting Eq. (10.48) into these equations gives
 ^ sin < cos <
 When the Sommerfeld substitution given in Eq. (10.9) is used,
 ^/ (sm *y cos 1* — e sm *y)
 Evaluating these definite integrals yields
 i— ?y (10-55)
 Copyright © 2004 Marcel Dekker, Inc.
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284 FUNDAMENTALS OF FLUID FILM LUBRICATION
 The resultant load vector is
 The attitude angle is
 $ = tan" — = tan" (10.58)1 2 4e
 Note that the attitude angle depends directly on the eccentricity ratio e sothat a single polar curve of e against $ applies for all diameter-to-width ratios(A = 2r&/&). Equations (10.55) to (10.57) can be written in dimensionless formas
 J[ 3/2 (10-59)
 TrAr? (lo.eo)
 The volume flow of lubricant supplied to the bearing through a central holeor groove must be equal to the net rate of outflow along the bearing axis (ydirection). The total leakage from the sides of the bearing in the convergentfilm region (half Sommerfeld assumption) can be expressed as
 Introducing Eq. (10.48) gives
 Making use of Eq. (10.49) gives
 (10.62)/o ^
 In dimensionless form this equation becomes
 2e?r (10.63)
 It can be seen from this equation that <?,,—> 0 as e —> 0 (no side leakage) and<?t/ —> < bft,&c as e —^ 1 (complete side leakage).
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CLOSURE 285
 The load-carrying capacity as obtained from the long-width-bearing solu-tion can be compared with the short-width bearing theory results by comparingEqs. (10.40) and (10.61) to give
 (short-width bearing) _ &^ (2 + e ) [l6e^+7r^(l-e^)]^^* — ** i /n ^1U.O4^
 W . (long-width bearing) \n, / 24 (1 - e ) [ - e^ (7 - 4)]
 Note from this equation that the load ratios are functions of &/r& and e. Thelong-width-bearing analysis overestimates the load-carrying capacity for all eand should be used for A^ < 0.5. The short-width-bearing theory providesa much better estimate for finite bearings of diameter-to-width ratios greaterthan 2 (A = 2r;,/& > 2). The useful range of &/?!, for the short-width-bearingtheory depends on the eccentricity ratio. Short-width-bearing theory leads toexcessive load-carrying capacities (sometimes exceeding the long-width-bearingvalues) at small diameter-to-width ratios (A = 2 /5).
 10.4 Closure
 Just as was true in Chap. 8 for the thrust bearings, in this chapter the Reynoldsequations for real journal bearings were obtained only in approximate form. An-alytical solutions were possible only for the simplest problems. One of thesesolutions (infinitely wide solution) was obtained by restricting the flow to twodimensions, the circumferential and cross-film directions, neglecting the axialflow. The two-dimensional solutions have a definite value, since they providea good deal of information about the general characteristics of journal bear-ings. Three types of boundary condition were imposed on the two-dimensionalsolutions. A full Sommerfeld solution produced a skew-symmetrical pressuredistribution. The pressures in the divergent film were all lower than the ambi-ent pressure, and such pressures are rarely encountered in real bearings. Thisled to the half Sommerfeld solution, which simply equates the negative pres-sures to zero. The half Sommerfeld solution is more realistic in predictingjournal bearing characteristics than the full Sommerfeld solution, but this sim-ple approach leads to a violation of the continuity of mass flow at the exit. Thisviolation of continuity of mass flow leads to a third type of boundary conditionused in analyzing journal bearings, namely, the Reynolds boundary conditions,p = 0 and dp/<& = 0 at the outlet end. This type of boundary condition givesexcellent agreement with experimental results.
 A useful approximate analytical approach also covered in this chapter wasthe short-width-journal-bearing theory. It is asserted that the circumferentialPoiseuille How term is less important for short-width journal bearings than ei-ther the axial Poiseuille flow term or the Couette flow term and therefore canbe neglected. For diameter-to-width ratios greater than 2 (A = 2r;,/& > 2) theshort-width journal bearings give a good estimate of load-carrying capacity forfinite-width journal bearings. However, the useful range of short-width-journal-bearing theory depends not only on 2 /5, but also on the eccentricity ratio e.
 Copyright © 2004 Marcel Dekker, Inc.
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 Short-width-bearing theory predicts excessive load-carrying capacities, some-times exceeding the long-width-bearing solution at small 2r;,/&. The half Som-merfeld boundary conditions used for the infinitely wide bearing overestimatethe normal load-carrying capacity for all eccentricity ratios.
 10.5 Problems
 10.1 Starting with Eq. (10.7) show all the steps in arriving at Eq. (10.15) byusing the Sommerfeld substitution.
 10.2 Show how the resulting load-carrying capacity differs when using the fullSommerfeld solution from that when using the half Sommerfeld solutionwhen considering an infinitely wide bearing. Show results in tabular andgraphical form for the complete range of eccentricity ratios 0 < e < 1.
 10.3 Show how the resulting load-capacity differs when using infinite-widthand short-width-bearing analysis while considering the complete range ofeccentricity ratios 0 < e < 1. Assume the half-Sommerfeld boundarycondition for both analysis. Show results in tabular and graphical formfor diameter-to-width ratios (A ) of 1, 2, and 4.
 10.4 A journal bearing has a diameter of 50 mm and a width of 100 mmand rotates at 1000 rpm. The bearing is lubricated by SAE 10 oil at atemperature of 110°C and supports 5 kN. Calculate the eccentricity forthe Sommerfeld, the half Sommerfeld, and Reynolds approximations.
 ReferencesBooker, J. F. (1965): A Table of the Journal-Bearing Integrals. J. BaMC En;?..
 Vol. 87, no. 2, pp. 533-535.DuBois, O. B., and Ocvirk, F. W. (1953): Analytical Derivation and Experi-
 mental Evaluation of Short-Bearing Approximation for Full Journal Bear-ings. A 3,4 Rep. 57.
 Sommerfeld. A. (1904): Zur Hydrodynamischen Theorie der Schmiermittelrei-bung. Z. Xnpew. Afa A. PAg/s., vol. 50, pp. 97-155.
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