0001 // Hydrodynami c Journal Bearing, iterative solution with Scilab
0002 // Allowing for variation of oil viscosity with tenperature
0003 // 13th February 2015 - David J Gieve
0004 printf(" \n");
0005 printf("Analysis of a journal bearing with hydrodynamic |ubrication, \n\n");
0006 printf("To provide data about the variation of viscosity (Pa.s) with tenperature, deg.
Cfollowing is needed:,\n");
0007 printf("Progranme cal cul ates viscosity in Pa.s using this formula: nJ = (nmu0*exp(b/
(TC(i) +pluscon)))/1000.0 \n");
0008 printf("Data is for straight SAE grades 10 20 30 or 60 \n");
0009 printf("For grade 10: mu0=0.1975 b=468 pluscon=53 \n");
0010 printf("For grade 20: mu0=0.17 b=520 pluscon=53 \n");
0011 printf("For grade 30: mu0=0.1974 b=520 pluscon=53 \n");
0012 printf("For grade 40: mu0=0.1573 b=610 pluscon=53 \n");
0013 printf("For grade 50: mu0=0.187 b=650 pluscon=53 \n");
0014 printf("For grade 60: mu0=0.23375 b=660 pluscon=53 \n");// Set up frane for input
dat a
0015 // The sanple data is a test exanple for conparison see related web page
0016 labels=["Q 1l in Tenp. deg. C';"mu0";"b";"pluscon";"Journal diam nmni;"Journal |ength,
mi'; "Radi al cl earance, mi';"Load, N';"Shaft RPM';..
0017 "Nunber of intervals round journal";"Nunber of intervals along bearing |ength”;..
0018 "SoR factor to be used, less than 1";"Nunber of iterations";"Eccentricity ratio";"G |l
density, kg/n8, about 850";..
0019 "Al specific heat, J/kg.deg.C, about 1800";"G | supply pressure, Pa";"G | supply hole
di ameter, mi'];
0020
[ ok, start Tenp, nu0, b, pl uscon, JDi am JLengt h, radi al d ear, JLoad, shaft RPM circlnts, wi dthlnts, sOR i Terati on
0021 getvalue("Enter the fifteen itens of data |isted
bel ow', | abel s, i st("vec", 1, "vec", 1, "vec", 1,"vec", 1,"vec", 1, ..
0022
"vec", 1, "vec", 1, "vec", 1, "vec", 1, "vec", 1, "vec", 1, "vec", 1, "vec", 1, "vec", 1, "vec", 1, "vec",1,"vec",1,"
0023
["60";"0.1974"; "550"; "53";"40"; "40";"0.04"; "2500"; "1800"; "180";"16";"0.9";"50";"0.59";"850";"1800";"1
0024 printf("lInput data: \n\n");
0025 printf("Ol in tenperature deg C. % \n",startTenp);
0026  printf("nmu0: %\n", nu0);
0027 printf("Constant b: %\n",b);
0028 printf("Constaaant pluscon: %\n", pluscon);
0029 printf("Journal dianeter, mm 9%\n",JDi am;
0030 printf("Journal Length, mm 9% \n",JLength);
0031 printf("Radial clearance, nm % \n",radial dear);
0032 printf("Load, N % \n",JLoad);
0033 printf("shaft RPM % \n", shaft RPM ;
0034 // printf("Lubricant viscosity, Pas: %\n",|ubeVisc);
0035 printf("Nunber of intervals round full circunference of journal: %\n",circlnts);
0036 printf("Nunmber of intervals along length of journal: %\n",w dthlnts);
0037 printf("SoR factor to be used: (usually less than 1): %\n",sOR);
0038 printf("Nunmber of iterations to be used: %\n",iTerations);
0039 printf("Eccentricity ratio: %\n",eccen); //less than 1
0040 printf("Q 1l density, kg/nB, (about 850): % \n", oil Den);
0041 printf("Specific heat of oil, J/kg.degC, (about 1800): % \n", oi | SpecHeat);
0042 printf("O 1 supply pressure, Pa: %\n",oil SupPress);
0043 printf ("0 hole dianeter, nm % \n",oil Hol eDi a);
0044 // Next - Start cal cul ati ons;
0045 // Calculate start viscosity from val ues input
0046 mJ=1:1:circlnts;
0047 mJ(1)=(mu0*exp(b/ (startTemp+pl uscon)))/1000.0; // Using nodified egn from A S Seireg
and S Dandage, ref 1.
0048 mJ(2)=mJ(1);
0049 // Calcul ate Bearing characteristic nunber or Sommerfeld nunber;
0050
somNum=(JDi amf (radial Qear*2.0))*(JD am (radial G ear*2.0))*mJ) 1) *shaf t RPMJID amJLengt h/ (60. 0*JLoad* 1

vec



0051 printf(" \n");

0052 printf("Calculation results: \n\n");

0053 printf("Ql viscosity at input tenp. Pa.s: %\n",mJ1));

0054 printf("Bearing characteristic nunber or Sonmerfeld nunber: % \n", sonNunj;

0055 avProj Press=JLoad/ (JDi antJLengt h);

0056 printf("Average projected pressure MPa: % \n", avProj Press);

0057 dx=JDi ant3. 14159/ (1000. 0*circlnts);

0058 dx2=dx*dx;

0059 dy=JLength/ (1000. 0*wi dt hlnts);

0060 dy2=dy*dy;

0061 dxdy=dx*dy;

0062 dx2dy2=2*(dx*dx) +2* (dy*dy) ;

0063 dTheta=2*3. 14159/ circlnts; //dTheta is in radians

0064 vel =3. 14159*JDi antshaft RPM ( 60. 0*1000. 0) ;

0065 // Next - Theoretical attitude angle

0066 // theoAt=180.0*atan(sqrt(1-eccen*eccen)/eccen)/4.0;

0067 // printf("Theoretical attitude angle, degrees: %\n",theoAt);

0068 // Next calc filmthicknesses

0069 x1=1;

0070 for i=l:circlnts,h(i:i,l:widthlnts+1)=radial dear*(l+eccen*cos(i*dTheta))/1000.0, end;

0071 //for i=1l:circlnts, Specifies a point at 'top' of an elenent in a columm, round
beari ng

0072 //for j=1:widthlnts, Specifies point at the 'left' of an elenent in a row along the
| ength of the bearing

0073 shear For ce=0;

0074 for i=l:circlnts,

0075 fric=vel *mJ(1)*JLengt h*JDi an¥dTheta/ (h(i:i,1:1)*2000000.0),

0076 shear For ce=shear Force+fri c,

0077 end;

0078 // Use h values to determne the mass of oil in each |ongitudinal slice along journal

0079 nBum=o;

0080 for i=l1:circlnts-1,

0081 m(i)=0.5*(h(i,1)+h(i+1,1))*JLength*dx*oil Den/ 1000. 0, nBumenSum+nii),

0082 end;

0083 // Half m(1) is pulled in each slice advance, dx

0084 m nTot PerRev=circlnts*0.5*m1); /'l kg

0085 ml nTot Per Sec=m nTot Per Rev*shaft RPM 60. 0; /'l kg

0086 vol I nTot Per Sec=1000. 0*m nTot Per Sec/ oi | Den [llitres

0087 format(15);

0088 disp(m nTot Per Rev) ;

0089 // disp(m nTot Per Sec) ;

0090 // disp(volInTot Per Sec);

0091 // Calculate force required to shear oil in each |ongitudinal slice and work done

0092 // Also calculate tenp rise caused by shear energy

0093 start Temp=60. 0;

0094 pluscon=53; // factor for equation

0095 tenp(l)=startTenp; //in degrees C

0096 TC=0; [//1l:1:circlnts;

0097 TC(1)=start Tenp;

0098 i =1;

0099 // nu0=14*0.0141;

0100 // b=550; // For SAE grade 30 oil

0101 // mJU=1l:1:circlnts;

0102 // mJ(1)=(muO*exp(b/ (TC(i)+pluscon)))/1000.0; // Using nodified eqn from A S Seireg
and S Dandage, ref 1.

0103 // mJ(2)=m)1);

0104 f(1)=2*mJ(1)*vel *dx*JLength/ (1000. 0*(h(1,1)+h(2,1)));

0105 workDOS( 1) =dx*f(1);

0106 dTenpl(1l)=workDOS(1)/(m(1)*oil SpecHeat);

0107 tenpSum=0. 0;

0108 for i=2:floor((circlnts-1)/2),f(i)=2*mJ(i)*vel *dx*JLength/ (1000.0*(h(i,1)+h(i+1,1))),

0109 workDOS(i)=dx*f (i), // Work done one slice per 1 slice advance



0110
0111
0112
0113
0114
0115
0116
0117
mass
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127

dTenp(i ) =wor kDOS(i )/ (m(i)*oil SpecHeat ),

t enpSumet enpSum+dTenp(i), // Tenperature rise for slice i

/1 Add half tenp rise to i+1 slice

TC(i)=TC(i-1)+((dTenmp(i-1))/2.0)+dTenp(i),

/1l After each row recal cul ate viscosity

mU(i ) =(mu0*exp(b/ (TC(i) +pl uscon)))/ 1000. 0;

end;

/1 Do loop for half of journal circunference where h is increasing, assune constant

for i=ceil((circlnts-1)/2):circlnts-1,

f(i)=2*mJ(i)*vel *dx*JLengt h/ (1000. 0*(h(i, 1) +h(i+1,1))),
wor kDOS(i ) =dx*f (i),

dTenp(i)=workDOS(i )/ (m(ceil((circlnts-1)/2))*oil SpecHeat),
TC(i)=TC(i-1)+((dTenmp(i-1))/2.0)+dTenp(i),

end;

frictionTorque=shear Force*JDi am 2000. 0O;

fri cPower =shear Force*vel; // O flowrate, 2 termns

oi | Ql=vel *radi al d ear *JLengt h*eccen/ 1000000. 0;

oi | @=(1.2+11. 0*0i | Hol eDi a/ JLength)*(h(1:1,1:1))*(h(1:1,1:1))*(h(1:1,1:1))*oil SupPress*oi | Hol eDi a/ (12

0128
0129
0130
0131
0132
0133
0134
0135
cal cs
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149

oi | Q=oi | QL+0i | @2;

oi | TenpRi se=fri cPower/ ((oil Den*oil Q *oi | SpecHeat) ;

printf("Friction force, N, is: %\n",shearForce);

printf("Friction power, w, is: %\n",fricPower);

printf("Ql flow, litres/s is: %\n",o0il Q1000.0);

printf("Q 1l tenperature rise, deg. C is: %\n",oil TenpRi se);

for i=1:circlnts,

for j=l:widthlnts+l, // zero matrices to store iterations. Start pressure distribution

pL(i,j)=0.0;
pO(i,j)=0.0; // Calc coefficients cN, ¢S, cE, cW cT - north, south, east, west and cT

end, end;

oi |l Vi sc=0.0;

for i=l:circlnts, for j=l:widthlnts+1,cN(i,j)=dx2/dx2dy2,cS(i,j)=cN(i,j), end,end;
for i=2:circlnts-1, mJ(i)=(muO*exp(b/(TC(i)+pluscon)))/1000.0, oilVisc=mJi),

for j=l:widthlnts+1,hi3=h(i,j)*h(i,j)*h(i,j),p25=0.25*dy2/ hi 3,

hi 3p=h(i+1,j)*h(i+1,j)*h(i+1,j),

hi 3meh(i-1,j)*h(i-1,j)*h(i-1,j),

cE(i,j)=(dy2+p25*(hi 3p-hi 3m )/ (dx2dy2),

cWi,j)=(dy2+p25* (- hi 3p+hi 3m )/ (dx2dy2),

end; end;

/1 Next solve matrix of eqns, k is iteration step no.

/1 To obtain a solution under relaxation nust be used and thousands of iterations are

normal | y needed

0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
111
0165
0166

for k=1:iTerations,

for i=2:circlnts-1,

f(i)=2*mJ(i)*vel *dx*JLengt h/ (1000. O*(h(i, 1) +h(i+1,1))),

wor kDOS(i ) =dx*f (i), // Wirk done one slice per 1 slice advance

dTenp(i ) =wor kDOS(i )/ (m(i)*oil SpecHeat),

t enpSumct enpSum+dTenp(i), // Tenperature rise for slice i

/1 Add half tenp rise to i+1 slice
TC(i)=TC(i-1)+(dTenmp(i-1)/2.0)+dTenp(i),

mU(i ) =(mu0*exp(b/ (TC(i) +pl uscon)))/ 1000. 0;

for j=2:widthlnts,

hi 3=h(i,j)*h(i,j)*h(i,j),

cT(i,j)=3. 0*dx*dy2*vel *mJ(i)*(h(i+1,j)-h(i-1,j))/(dx2dy2*hi 3),

cT(i, 1)=3. 0*dx*dy2*vel *mJ(i)*(h(i+1,j)-h(i-1,j))/(dx2dy2*hi 3),

cT(i,w dthlnts+1)=3. 0*dx*dy2*vel *nmUJ(i)*(h(i+1,j)-h(i-1,j))/(dx2dy2*hi 3),
pL(i,j)=(pO(i,j-1)+p0(i,j+1))*(cN(i,j))+p0(i+1,j)*cE(i, j)+p0(i-1,j)*cWi,j)-cT(i,j),

/lreplace pO with pl using sor factortinmes difference from above
if(pl(i,j))<0.0 pO(i,j)=0.0; end;



0167 // SoR factor normally needs to be less than 1 - start with 0.9

0168 pDiff=p0(i,j)-pl(i,j),

0169 pO(i,j)=p0(i,j)-sORpDiff;

0170 if(pl(i,j))<0.0 pa(i,j)=0.0; end;

0171 end; end; end;

0172 // Calculate el enent pressures as average of 4 corner node pressures

0173 eSum=0. 0,

0174 for i=l:circlnts,

0175 for j=l:widthlnts,

0176 pE(i,j)=0.0; end, end;

0177 for i=1:circlnts-1,

0178 for j=1l:widthlnts,

0179 pE(i,j)=0.25%(pl(i,j)+pl(i+1,j)+pl(i,j+1)+pl(i+1,j+1));

0180 if(pE(i,j))>0.0 eSumreSum+pE(i,j)*dxdy; end; end; end;

0181 printf("Sum of radial |ubricant forces, (N is: %\n", eSum;

0182 // Calculate elenent forces so |oad parallel and perpendicular to mn. filmthickness
can be cal cul at ed

0183 // Use negative sign

0184 | oadPerp=0.0; |oadParallel =0.0;

0185 for i=l1:circlnts-1,

0186 for j=1l:widthlnts,

0187 eLoad=pE(i,j)*dxdy;

0188 | oadParall el =l oadPar al | el - eLoad*cos(i *dThet a);

0189 | oadPer p=I oadPer p+eLoad*si n(i *dThet a) ;

0190 end; end;

0191 printf("Load parallel to mninmumfilmthickness, (N) is: %\n", |oadParallel);

0192 printf("Load perpendicular to mninmumfilmthickness, (N is: %\n", |oadPerp);

0193 resLoad=sqrt ( (| oadPerp*l oadPerp) +(| oadPar al | el *| oadParal l el ));

0194 printf("Resolved load, (N is: %\n", resLoad);

0195 // Calculated angle of attitude is in degrees after the downwards vertical - which is
the direction of the |oad

0196 cal cAt=180. O*at an(| oadPer p/ | oadParal | el )/ 3. 14159;

0197 cal cAt Rad=at an(| oadPer p/ | oadParal | el );

0198 cal cAt Fl oor=f| oor(cal cAt);

0199 printf("Calculated angle of attitude (degrees) is: %\n", cal cAt);

0200 // Calculate max and av pressures

0201 maxPress=0.0; maxPresPosni =0; maxPresPosnj =0; ;

0202 for i=2:circlnts-1,

0203 for j=l:widthlnts+1,

0204 if(pl(i,j))>maxPress, maxPress=pl(i,j), maxPresPosni =i, nmaxPresPosnj=j; end;

0205 end; end;

0206 maxPressMPa=maxPr ess/ 1000000. 0;

0207 printf("NMaxi mum pressure is: (MPa) % \n", maxPressWPa );

0208 rat PAvPMax=avPr oj Press/ maxPr essMPa;

0209 printf("Ratio average pressure/ nax. pressure (load/projected area*max. pressure) is:
%\ n", rat PAvPMax);

0210 // Calculate angul ar position of max pressure past downward vertical

0211 maxPressAng=cal cAt- 180. O+maxPr esPosni *dThet a*180. 0/ 3. 14159;

0212 printf("Angle of naxi num pressure past downwards vertical % \n\n", maxPressAng );

0213 printf("For diagnostics, type variable nane at pronpt \n");

0214 printf("eg: for list of pressures on each elenment at pronpt type pE then RTN \n");

0215 // Prepare plot of pressure (vert axis) round cente line (straight, horiz axis)

0216 ¢T1=0;

0217 cl1=round(360/circlnts); //value in degrees of 1 circular interval

0218 xx=[round(2*cTl/circlnts):round(cTl/circlnts):round(cTl*(circlnts-1)/circlnts)];

0219 //xx=[round(2*%i/circlnts):round(%pi/circlnts):round((circlnts-1)*%i/circlnts)];

0220 /] xxxx=[4*%pi [ 180: 2* %pi / 180: 358* %pi / 180] ;

0221 for i=2:circlnts-2, yyA(l,i)=pE(i,maxPresPosnj)/1000000.0; end;

0222 figure(2);

0223 plot2d(xx, yyA);

0224 title('Plot of elenment pressures in MPa along centre line of journal - radians -
starting at maxi mum filmthickness','fontsize', 3);



0225 «xtitle(' For angul ar position past max. oil filmthickness multiply by 360/ nunber of
circular intervals');
0226 [// Polar plot of base circle
0227 |/ xxbase=[round(2*%pi/circlnts):round(%i/circlnts):round((circlnts-1)*%i/
circlnts)];
0228 xxbhase=[4*%pi / 180: 2* %pi / 180: 358* ¥%pi / 180] ;
0229 // xxbase=[4:2:358];
0230 yybase=[3. 0004: 0. 0002: 3. 0358] ;
0231 // Polar plot of pressure - first deternmine centre el ement wi dth nunber
0232 // Shaft rotates in clockw se direction
0233 wi dt hl nt sMax=0;
0234
i f(widthlnts-fix(w dthlnts/2)*2==0),w dt hl nt sMax=wi dt hi nts/ 2, el se wi dt hl nt sMax=cei | (wi dt hl nts/?2), end;
0235 // disp(w dthlntsiax)
0236 figure(3);
0237 for i=2:circlnts-2, yyB(1,i)=3+pE(i,w dthlntsMax)/1000000.0; end;

0238 ii=%)i*(90-calcAt)/ 180
0239 for i=2:circlnts-2,xxx(i)=ii-2*%i/circlnts,ii=ii-2*%i/circlnts,end;
0240 // for i=2:circlnts-2,xxx(i)=ii-2*%i/180,ii=ii-2*%i/ 180, end;

0241 pol arpl ot (xxbase, yybase), pol ar pl ot (xxx, yyB), ;
0242 title(' Polar plot of pressure in MPa on centreline of journal. Zero pressure is on 3

Load on shaft is down','fontsize', 3);

0243 figure(4);

0244 x=[1:widthlnts];

0245 y=[1:circlnts];

0246  z=pE(y, X);

0247 contour(y, X, z,12);

0248 title(' Contour plot of oil pressures on elenents MPa','fontsize',3);

0249 «xtitle(' For angul ar position past max. oil filmthickness multiply by 360/ nunber of
circular intervals');

0250 // Plot tenperatures round journa

0251 figure(5);

0252 for i=2:circlnts-2, yyATemp(i)=TC(i), end;

0253 pl ot 2d(xx, yyATenp) ;

0254 title('Plot of oil tenperature round journal journal - degrees C - starting at nmaxinmm
filmthickness','fontsize',3);

0255 // xtitle(' For angul ar position past max. oil filmthickness multiply by 360/ nunber of
circular intervals');

0256 mJ(circlnts)=mJcirclnts-1);

0257 figure(6);

0258 plot2d(y, mJ);

0259 title('Plot of oil Viscosity, starting at max. oil filmthickness','fontsize',3);



