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INTRODUCTION

From the mathematical point, the presented mettiddeosolution of the
modified Reynolds equation occurring in tribologgadls to the problem
of resolving the partial recurrence non-homogeneeysation of the second
order with variable coefficientd.[ 1-4]. Furthermore, taking into account the
UOS method L. 5], the topology of solutions presented in this pape the
space of the discrete values for partial recurreggetions makes it possible to
select optimum numerical methods-10. Hence, this paper considers an
optimum scheme of recurrent performances and amopt net for recurrent
calculations from among many methods in relatiothto stability of solutions,
and the convergence of obtained calculations oeguin the hydrodynamic
theory of lubricationl[. 8].

In this paper, we will assume an optimum differesckeme which leads
from the recurrent partial equation with known Biiet boundary conditions as
a model to recurrent Reynolds equations as ancgtiglh in tribology. To the
author's knowledge, such problems have not beersidered in scientific
researches in the field of the numerical method$yairodynamic theory of
classical slide-bearing lubrication as well as malgtical and numerical theory
of microbearing lubrication occurring in compukédD [L. 11-20Q.

We consider the orthogonal, curvilinear coordisdte, o, o). Let function
P(x,z) of two variablesi;= X, a;= z be determined on regiorxA:Q:{(x,z) for
0<x,z<A}. The region is covered over the net createdhgystraight lines parallel to
the axisa;=x, dz=z in the sub-intervals by distance h and k respaygt Such
a division can be defined in the following form P, 19, 20}

h=ay,,-a;, k=a4,,-ay,

: ) 1)
i=12,..M ;=12,.N

The cut points of the above-mentioned lines form tiod inside region
AxA are presented iRig. 1.

Now we describe numerical hydrodynamic pressuréildigion between
two surfaces in orthogonal curvilinear coordinates a,,as). The Reynolds
equation for unknown pressure functiompés) is formulated in the following
form|[L. 6]:

0 op d ap | _
C(al,ag)a—al{ A(al,ag)a—aj +F(a,a 3)6—%{ B(a,a 3)673} = o
oH (a,,a,)

=G(a,,a,) Py
1
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Fig. 1. Curvilinear orthogonal coordinate system: aregion Q, b) calculation nod
Rys. 1. Uktad wspohednych krzywoliniowych: a) obsza®, b) wezet obliczeniowy

where p(a,a;,)=P(a,,a), (a,,0,)00Q. After terms ordering we havik.6]:

2 2b
cOA dp 0 E+FOB 6p+FBap g oH (2b)
da, 0oy da; 0o O0ag da3 doy
We denote
(ZJZ
‘2 a,da 0 ’7(0!1-0521053) a,da,
A(a,,03) = { 22 da, (3a
L J E[;y(al,az az) ? da, on(ay,0;,a3) > (39)
on(ay,a;z,03)
hy(ay,as3) 1
B , = #A , ,C , =_  +
(ay,a3) hy (a1 s ) (ay,03),Clay,az) hi(or.a,) @D
- 1 -
Flay,a3)=———, Glay,a3)=wh(a;,a3) (3¢)

hs(ay,03)
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“IZ da,
H(ay.ag) = [| 2100029 g, — o, 0y ) 3a)
0 da,
[ =2
on(ay,05,03)
whereas
aa,a,) — various gap height between two cooperating susface
hy(a,a5) — Lame functions fors=1,3 depend on the kind of
surface,
w — angular velocity of in the case of rotational aud,

n(ay,a,a3) — dynamic fluid viscosity.

THE RECURRENT TAYLOR MODEL

The Taylor series are important for the applicafamthe transformation to the
recurrence forml.6]. Function P(x,z) of two variables is expandedytlie
Taylor series in the neighbourhood (h.k) of poxtt(,z+k):

2
P(x+ h,z+ Kp P(x,z}( - 4?—) P(x,z)i( b+ i) P(x#2)
0X 0z 20 O0x 0z
’ @
+i(hi+ki) P(x+©.h, 2+ O.K)
nt\ ox 0z

where0< @,,@,<1.We assume the following notation of the derivenlctions:

2 2 2
ajgpx’ajgpz’ aPEP aPEP ai
0X 0z

Making use of Taylor formula (4) and taking inttcaunt notations (5), we
lead functionP(x,z)in neighbourhoodi,j) into the following difference form:

Pinjs= P+ h(Pyj+ k(Py;+ 0,5 |’12(Pxx)ij +
+ hk(R);+0,5 kZ(PZZ)ij+O(h3,k3) (6)

After ordering, we can write Equation (6) in théddwing difference forml[. 2].

0.5 {I¥ poc+K* Pz = Pishjsk =i~ DO —
k(@) — hk(paj+ O(h’)+ O(K) (7
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FIRST AND SECOND MODEL OF UNIT NET REGION

Into Eq. (7) we put the two sets of the followirauf ordered pair values h, k
[L.2,17.

(h=1,k=0),(h=-1,k=0), (h=0k=+1), (h=0,k=-1) (8)
(h=-1,k=-1),(h=1,k=-1),(h=-1, k=+1), (h=1,k = +1) 9
From each of the two-abovementioned sets of fourvzdues (8) and (9)
substituted into Eq. (7) gives another form of diqus. We add these four ob-

tained equations mutually. Thus, for (8), (9), vikain the following recurrence
UNR (Unit Net Region) formsl. 2, 21]:

APy =P (PP )i = Pistj+ Py HPijsa+Pijo —4P+04(1) (10)
for Q1) = -OPuxit P22

Py 2Pyt P = Pica, jat Pien,ja#P isrjur +P i ju1 4P, +0, (11)
for 0,=20; «(Pxxzdij

where®=1/12.Dimension conformability demands to multighe 1.h.s. of Egs.
(10-11) by Rfor h=k.Figs. 2a, bpresent the UNR net of nods for the difference
form (10) and (11). For respective nods, the foifmvcoefficient values are
ascribed1,1,1,1;4 and1,1,1,14. Such coefficients occur by the appropriately
indicated terms of recurrent formulas (10) and (td3pectivelyll. 2, 7].

a) b)

G-1,J*D G j+D) (i) G-1,0+1D) (L) GHLj+D
(i+1.3+D G

i+1.,j)
G-1.3) (i+1.§)
G-1, §)
(i+1,j-1)
(i-1,j-1) G j-1) @1j-1) G-l (L1

Fig. 2. The net with nods for a) first and b) secondase of approximation difference form
for UNRAland A

Rys. 2. Siatka wzta numerycznego dla a) pierwszego oraz b) drugeggpadku aproksymacii
réznicowej UNRA; i Ay
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In the net presented ifig. 2, the internal nod is fourfold and the external
nods are single. The fourfold nod denotes thahetermP;; in recurrent Egs.
(10), (11) coefficient 4 occurs. The external nadd the internal nod form the
geometry element of the UNR.[2, 7].

THIRD AND FOURTH MODEL OF UNIT NET REGION

The third case of the approximation difference féomUNR will be defined by
the union of two foregoing forms and is describgdtfiie following formula
[L.2,7,2]].

APjHad+b &) P; fora=1andb=1 (12)
Putting approximation forms (10)+(11) into (12), aletain
2Py B (Pt Pi=Pi 1, ja+ Py joat Pieg, ja+Pig
+ By j tPis1js1+P i, ja+Pi 41 8P j+03 for O;=0,+0; (13)
Fig. 3a presents the net of nods for difference form (I13).respective

nods, the following coefficient values are ascrikiked,1,1,1,1,1,58 occurring
by the appropriately indicated terms of recurrentriula (13).

a) b)

G-1,j+1) (.j+1)

/(i,j) (+1,j+1) G-1,j+1) (G.j+1D)

/ Gai)  (+1,5+1)

'(i—l,‘j) (1.5 G-1.5) (+1,5°

i-1 i-1

G-1.3-1) G+Li-D G-1,j-1) G+ 1.j-1)
\G .j-1) \G .j-1)

Fig. 3. The net with nods for a) third and b) fourh case of approximation difference form

for UNR Azand A4
Rys. 3. Siatka wrzta numerycznego dla a)trzeciego oraz b)czwarteggppdku aproksymacii
roznicowej UNRAzi A4

In the presented net in Fig.3a, the internal nceightfold and the external
nods are single. The eightfold nod denotes thatedurrent equations (13) at
term P;; the coefficient 8 occurs. The external nods andirtternal nod form
the element of the UNR.
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The fourth case of the approximation differencerfdior UNR will be
defined by the combination of two foregoing fornssng the following formula
[L. 2,7, 21].

APjHadt+b 4) P; fora=4forb=1 (14)
We put approximation forms (10)+(11) in Eq. (1Bhus, we obtain
A4Pij56h2(Pxx+Pzz)ij =4(Pi4, +Pis1, j* Pijat Pi js1+Pig, jat
+ Pivg, jat PisgjrrtP i 41 20R+0,, for O,=0,+0, (15)

Fig. 3b presents the net of nods for difference form (14).

For respective nods, the following coefficient \eduare ascribed:
1,4,1,4,1,4,1,420 occurring by the appropriately indicated termgeafurrent
formula (15). In the net presentedfig. 4, the internal centre nod is twenty
fold and the four corner external nods are singlbpreas, the remaining
external nods are fourfold. The twenty fold cemtoel denotes that, at terfy;
coefficient 20 occurs in recurrent equations (I#)e external nods and the
internal nod form the element of the UNR.

INDEX FOR NET OPTIMIZATION

Now we show the way of the stability evaluatiomaimerical solutions for the
individual difference approximations of UNR. We idef the following optimi-
zation index:

17

¢ (16)

R

¥ W,

r=1
wherer - the index of movable nod in the element of met (,2,..,R, R - the
guantity of possible movable nods in an elemerthefmet W, — the multiplicity
of coefficients in the r-th movable nod during tenversion step from one to
the next position in the numerical calculationstbé recurrence equation,
M — the multiplicity of covering of non-zero coefficits in all the nods during
the conversion step from one position to the negitipn in the numerical
calculations of the recurrence equation. Index motks the ratio of the cover
guantity of non-zero coefficients to the one moeabbefficient during the
conversion from one position to the next positidnttee net element in the
numerical calculations. The stability of the caddidn process increases if
index c increases.
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OPTIMIZATION INDEX FOR NET CONVERSION

Now we calculate optimization index c for the abowentioned recurrence

UNR forms of approximation.

* Fig. 4illustrates the conversion of the net element withvable nods from
one position to the next position during the nuarprocess in the first
case of the approximation difference form i.e. 3R A;.

In the mentioned case, we have R f1I55 1+ 1 =2, and

JW,=1+1+4+1+1=8andc=2/8=0.25 17)
a) b)
(i-1,j+1) (i, J+1) (ir1,j+1)
R

v %
0 1(0) o(1) (0)

7
(G-1,1) (i\+1,j) 1 —4(1) 1(‘4) (1)

Ao\ 2 o
(i-1,j-1) T G 0 10) o(l) (O
Fig. 4. The covering geometry of nods during the cwersion of the movable net element
from one to the next position in numerical calculabns for the first UNR A;
approximation form: a) origin nods geometry , b) maement of the elements
Rys. 4. Geometria pokrycia topologicznegezta podczas konwersji ruchomej siatki z jednej
do drugiej pozycji w obliczeniach numerycznychrpiszej aproksymacji UNRy;,
a) geometria wzta,b) ruch elementu

* Fig.5illustrates the conversion of the net element \wthvable nods from
one position to the next position during the nugedrprocess in the second
case of the approximation recurrence form for UNR

a) b)
G-1,§+1)  (L.j+1)  (i+1,j+1)
G,

2 T
@ i o) o

jﬂ_ Q1)

(i-1,j) /—\
P N

G-1,j-1)  (i.j-1) (G+1.5-1) 1 o(1) 1(0) (1)

Fig. 5. The covering geometry of nods during the cwersion of the movable net element
from one to the next position in numerical calculabns for second UNRA,
approximation form: a) origin nods geometry , b) maement of the elements

Rys. 5. Geometria pokrycia topologicznegezta podczas konwersji ruchomej siatki z jednej
do drugiej pozyciji siatki w obliczeniach numerycehydrugiej aproksymacji UNR,,

a) geometria wzta,b) ruch elementu
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In the above-mentioned case, we have RR 5,0, and
2W=1+1+4+1+1=8 andc=0/8=0 (18)

» Fig.6 illustrates the conversion of the net element wwithvable nods from
one position to the next position during the nuarprocess in the third
case of the approximation recurrence form for UNR

a) b)

G-1.j+1 D
/ G.j)  (i+1,j+1)

T2 >
1 1(H1(h (D

Jj+1 IL p— {r @
- » @O S P
G-1.j) } BANGEND 1 -s(1) 1(-8) (1)
j-1 @_%1? D
i-1 i i+1 PN > T
G-1.j-1) G+1,5-1) 1 1(1) 1(1) (D
\3.j-1)

Fig. 6. The covering geometry of nods during the caersion of the movable net element
from one to the next position in numerical calculabns for third UNR A; approxi-
mation form: a) origin nods geometry , b) movemenbf the elements

Rys. 6. Geometria pokrycia topologicznegezta podczas konwersji ruchomej siatki z jednej
do drugiej pozycji siatki w obliczeniach numeryceghytrzeciej aproksymaciji UNRY,,

a) geometria wzta,b) ruch elementu

In the above-mentioned case, we have: RE%6x1=6,
SW=1+1+1+1+8+1+1+1+1=16 (19)
and optimization index equals c=6/16375.
» Fig. 7illustrates the conversion of the net element withvable nods from

one position to the next position during the nugarprocess in the fourth
case of the approximation recurrence form for UNRL. 2, 7, 22).

a) b)
G-1.j+1)

G.j+1D)

1 4 1@ (D

P s R
4 -20(4) 4(20) (4

1 4()14) (D

Fig. 7. The covering geometry of nods during the cwersion of the movable net element
from one to the next position in numerical calculaibns for four UNR A4 approxima-
tion form: a) origin nods geometry, b) movement ofthe elements

Rys. 7. Geometria pokrycia topologicznegerta podczas konwersji ruchomej siatki z jednej do
drugiej pozycji siatki w obliczeniach numerycznychwartej aproksymacji UNR);,

a) geometria wzta, b) ruch elementu
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In mentioned case, we have RFB;1+1+4+4+1+1=12,
SW=1+4+1+4+20+4+1+4+1=40, c=12/40=0.300 (20)

» COROLLARY.In the succeeding cases presented for numericalguares,
we have the following values of optimization cogffits: 0.25, 0.00, 0.375,
and 0.300. In numerical calculations, the third €ds the most stable, be-
cause optimization index c is the largest and fese/0.375.

REYNOLDS RECURRENCES FOR FIRST UNR MODEL

For first UNR step where nods are presented in Fag.we seek the unknown
pressure solutionp from equation (2b), taking into account progressiv
differences in the difference method and recurremgeations in lubrication
region domain(a,,as). This curvilinear region2 indicated in Fig.1a contains
NM nods, where there agM+2N—4 varies nods on the boundary of the region
and NM-2(N+M)+4 internal nods. The values of the functiéndB, C,F, G,in

the nodswj= (= i, as = a3 ) of divided region® for i=1,2,...,M-1,M;
j=1,2,...,N-1,Nwe denote by the following formulak.f].

Aw, )= A;, Blw FB .Ciw ¥ ¢ Ffw F,F Gw3,,G

(21)
Play = oy;,05 =ag; )= p(Wij )= R,

Taking into account steps of division (1) and pesgive differences, then
we obtain [.7] the following:

AV | AaitA L AujA
E Q ~n 3,j+1_3,j o 3,j+1_3,j 23
[aa’gjj[aa’gl Phirt k? gt k2 @9

The pressure function(x,z)for a1 =X, az=zis expanded in the Taylor series
in the neighbourhood of the poi(t+h,z+Kk) in form (4). Taking into account
the index differentiation (5) of the functigr(x,z)in the neighbourhood of the
point (i,j), the Taylor formula (4) tends to the dependencea(®) finally to
expression (7). Accordingly to the assumption ¥&,puth=1, k=0 andh= -1,
k=0 into formula (7); thus, we obtain two equationssgectively. Next, we
multiply both sides of the obtained equationgd#y If we sum up the obtained
equations, after division by hwe obtain the following:
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C . A. C . A.
CA—p 'JAJ + I,JA,I -2 LJA,I P01 = X (24)

90’ h? Pi+1,j o Pi-1,j h2

Accordingly to the assumption (8), we put h=0, karid h=0, k=-1 into
formula (7); thus, we obtain two equations, respebt. Next, we multiply both
sides of the obtained equations by FB. If we sunthgpobtained equations,
after division by k we obtain the followingL].7]:

IJBJ I:IJBJ _ZE,JB,J (25)

FB = pi,j+1 + k2 pl,j—l k2 p,j 103 =7

02 k2

If we put dependencies (22),(23),(24), and (25 ipartial differential
equation (2b), and taking into account formulas),(2ien for each nod from
Fig.2a, we obtain the following partial recurrence eqomasi of the second order
with variable coefficients, for the first UNR stHp7]:

Ki+1,jg+1,j J+1Hj+1 —1H11+§|—11 -1, Z nj Q] (26)

where fori=1,2,...,M-1,M; j=1,2,...,N-1,N, we have the following coefficients
[L.4]:

_GAu, _FkiB; _G.A, _F.B,
and
Hi  —H.
Z | Sk tV T tE0,Q = i,'%(ZS)

REMARK 1. Similar to the net presented in Fig.2a, the intémmad coefficient
Z in EqQ. (28) denotes the sum of external coeffisidescribed in Egs. (27).

If we translate one step of index i and j in bdtles of Eq. (26), we obtain
a partial recurrence equation of the second ord#r variable coefficients in
the standard form. The sequence of pressure vdlpgs with unknown
elements presenting the pressure values in notteeakgion®? is the solution
of the partial recurrence equation (26); howevee, coefficients (27and free
term Q,; are known. If we take the same number of stepsnirand a;
directions, i.eM=N, then the regionX(ay,as) presented itFig. 1a has(N-2)?
internal nodg(i,j) illustrated inFig. 2afor i=2,...,N-1; j=2,...,N-1. If we put
index values andj for the each internal nod mto equatlon (26) tihhenobtain
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an algebraic system ¢N-2) linear, non-homogeneous equations wikh2)*
unknown. We assume known valugsin 4N—4 external nods of the region
Q(m,as) in the form of the following boundary conditions:

Pk~ @,j, Px= ‘z’hk, for kzl,N X i,jzl,...,N-l,N; (ZZJ:(P(CJ'i, a]) (29)

REYNOLDS RECURRENCES FOR THIRD UNR MODEL

For third Unit Net Region (UNR) step, where node presented ifrig. 3, we
seek the unknown pressure solutipfrom Equation (3b), taking into account
the difference method and recurrence equationsibnidation region domain
Q(a,a5). Accordingly to the assumption (9), we got= -1, k = -1), (h = 1,
k=-1), (h=-1,k=+1), (h =1k =+1)into formula (7); thus, we obtain the
four equations, respectively. We mutually add théaimed equations; hence,
we obtain [.2, 7, 22] as follows:

2(h?py +k*p,,) = Pi—1j-1 % Pist,j-1 F Pi-1,j+1 + Pis1j+1 — 4P (30)
From Eqg. (30) for k=0 and for h=0, we obtain twgmesssions which we

multiply by CA and FB and divide by?fand K, respectively. After ordering
terms we obtain the following:

aazp GiAj GiA,
c PV er?J (pi-l.i—1+ Pt jat P jur ¥ |C’i+1,j+1)"22]hZJ n; GV
0°p _F ;B FB, (32
FBazIzo - 2sz | (pi—lyi—l F Pisgj1t Picgja t pi+l,j+1)_2$ Q,i( )

Equations (22), (23), (30), and (31) we put inttiedéntial Eq. (3b). With
the obtained equation, we mutually sum with equaiip6). After ordering
terms for each nod from Fig. 3, we obtain the felloy partial recurrence
equations of the second order with variable coieifics for the third UNR step:

B (n—l,j AT Rigy -2t Pogeat Paps ])+¢-+j1,ip+jl,+1Yj +iP s T (33)
TRty Pog, Y R, =2Q,

where

B,= O,S(Ei—],j + ni,j—l)-6i+1,j = 2Kih1 ) & o Xije1 S 2V o1 ~ T (34)
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Y. =27 =2 + + + = M 35
=24 = (’€+1j Wit -1 f-;t,)ﬂ,—@, h (35)

After the foregoing considerations, we confirm thia¢ abovementioned
third UNR step approximation is the best, becaumsthis case, the optimization
index is greatest. This case determines the optimeinfor the recurrence
Reynolds equation.

REMARK 2. Similar to the net presented in Fig.3a, the intérnad coeffi-
cient Y in Eq.(33) denotes the sum of externalficamits described in Egs.
(34).

To prove the above statement we have the following:

O ¥ X jt Mty 4B, =26, v+, v 28 _+ &1 =

36
=27, =Y, (36)

NUMERICAL COMPARISON FOR PRESSURE AND CAPACITY
IN THE FIRST AND THIRD UNR APPROXIMATION

m Cylindrical slide journal bearing. In this intersection, the hydrodynamic
pressure is numerically examined for a microbeawitf a cylindrical jour-
nal by virtue of partial recurrence Equation (26)he first UNR step, and
the obtained results are compared with the presgalues obtained from
recurrence Equation (36) in the third UNR step.rBatcurrence equations
(26) and (36) are simulated from Reynolds equat{@a3, (2b) for continu-
ous functions.

We consider the cylindrical microbearing in cylimdd coordinatesa;
=¢@,a,=r, a;=z, for journal radiuk = 0.001[m], bearing dimensionless length
L~=b./R=1, hy—dimensional bearing length angular journal velocity
®=565.91/s], and eccentricity ratié,, =0.4. We assume a constant value of oil
dynamic viscosityy=#, =0.03 [Pas], and obtain an angular coordinate of film
end attains valugy, =3.658 [rad]. For a thin layer, the Lame coefficients and
gap height have the following valulgs 6]:

#hy= R, h=h~1 (37)
&9)= &(1+1c,c08p) (38)

Because characteristic pressure is assupei6.96 [MPa], the radial
clearance has the value the followithg 23]:
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-1
g, =R [“ =o,00]n\/565'5 0.09as_ 1 3/m (39)
Po 16,96MPa

Numerical dimensional pressure values as the solsitiof partial
recurrence Equation (26) for first UNR step perfedwith the Mathcad 12 and
Matlab 7.2 Professional Program are depicted orcyliedrical journal surface
presented inFig. 8a The hydrodynamic pressure attains maximum value
Pmax= 21.73 [MPa] and load carrying capacity, € 40.46N.

a) b)

Y, N
ARG
e

7

:~.§s\\\\\

4

Fig. 8. Dimensional hydrodynamic pressure distribtion in microbearing gap obtained
from recurrence equation (26) in first UNR step for various journal shapes:
a) cylindrical , b) parabolic, ¢) conical

Rys. 8. Wymiarowe éhienie hydrodynamiczne w szczelinie cylindrycznegikrotozyska
wyznaczone numerycznie z réwnania (26) w pierwskyoku UNR dla rénych ksztat-
téw czopow: a) walcowych, b) parabolicznych, cyktawych

For the abovementioned cylindrical microbearingfedences between
pressure values obtained from recurrence Reynoistion (26) derived for
the first UNR classical net and pressure valueginbt from Equation (33)
derived for the third UNR optimum net approximatiattain about 9 percent.

m Parabolic slide-journal bearing. In this intersection, the hydrodynamic
pressure is numerically examined for microbearimgth a parabolic
journal and sleeve by virtue of partial recurreicgiation (26) in the first
UNR step, and the next obtained results are cordpaith the pressure
values obtained from recurrence Equation (36) irdtUNR step. Both
recurrence equations (26) and (36) are simulatad fReynolds Equations
(2a), (2b) for continuous functions. We considerapalic microbearing in
parabolic coordinatesn =@, a, = Y, az = &, for journal largest radius
a = 0.001 [m], the journal's smallest radiug, = 0.0008 [m] bearing
dimensionless length,,=by/a=1, b,-dimensional bearing length, angular
journal velocityw=741[1/s], eccentricity ratiol, =0.5. We assume a constant



1-2014 TRIBOLOGIA 121

value of oil dynamic viscosity=#,=0.030[Pas], and obtain an angular coordinate
of film end having a value af, =3.665 [rad]. For a thin layer, the Lame
coefficients and gap height have the following fgtmeé, 23:

h = acos?(/lpl(pl), h3=\/1+ 4(/1 ol L p])Z sinZ(A e p)cos(/l b p)1

1 a _|a—a ¢
\fpl\SA—plarccan A = T’C"l_i (40)
€() = &o(1 +Apco8p) (41)

Because characteristic pressure is assupged5.655 [MPa], the radial
clearance has the following value:

-1
g,=a 2% =0,001m (7415~ 0,0Pas 2,6um (42)
Po 5,655MPa

Numerical dimensional pressure values as the saolitiof partial
recurrence Equation (26) for first UNR step perfedhwith the Mathcad 12 and
Matlab 7.2 Professional Program are depicted orp#rabolic journal surface
presented inFig. 8b. The hydrodynamic dimensional pressure attains
a maximum value of px= 11.98 [MPa] and load carrying capacity=20.16N.

For the abovementioned parabolic microbearing,differences between
pressure values obtained from recurrence Reynaigstion (26) derived for
the first UNR classical net and pressure valuesinbt from Equation (33)
derived for the third UNR optimum net approximatiattain about 10 percent.

m  Conical slide-journal bearing.In this section, the hydrodynamic pres-
sure is numerically examined for microbearing vatlzonical journal and
sleeve by virtue of partial recurrence Equation) (@6first UNR step, and
the obtained results are compared with the presmaltees obtained from
recurrence Equation (36) in the third UNR step.rB@icurrence equations
(26) and (36) are simulated from Reynolds Equatia), (2b) for continu-
ous functions. We consider parabolic microbearimgparabolic coordi-
nates o= ¢,a>= Y., @3 = X, for journal radiuR = 0.001[m], conical in-
clination angley = 70°, bearing dimensionless length; = b/R = 1,
b. —dimensional bearing length, angular journal velpeait= 754[1/s], and
eccentricity ratiol, = 0.5.
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We assume a constant value of oil dynamic viscogityr),=0.025[Pas],
and obtain an angular coordinate of film end hadnglue of g = 3.600 [rad].
The Lame coefficients and gap height have theviofig form [L. 6, 7, 23:

h= hg= R+xcosy, hs=h,=1 (43)

&¢) = &(1 + Acosp)siny (44)

Because characteristic pressure is assuped.713 [MPa], the radial
clearance has the following value B, 23):

-1
g =a W _ g oo1m /A _0.0Pas_ 3,3/m (45)
P \" 4.713vPa

Numerical dimensional pressure values as the saolitiof partial
recurrence Equation (26) for the first UNR stepfgrned with the Mathcad 12
and Matlab 7.2 Professional Program are depictetti@ionical journal surface
presented irFig. 8c. The hydrodynamic pressure attains the maximumevalu
Pmax= 11.06 [MPa] and the load carrying capacity inng & directions attain
values G=16.98N and &6.18N, respectively.

For the abovementioned conical microbearing, théerdinces between
pressure values obtained from recurrence Reynoistion (26) derived for
the first UNR classical net and pressure valuesinbtl from Equation (33)
derived for the third UNR optimum net approximatetiain about 12 percent.

CONCLUSIONS

1. This paper has presented the various geometridgeaiets with calculation
nods for difference methods of partial recurrenaeerical solutions. The
dynamic changes and conversions of particular oetsirring during the
numerical calculation process have been consid@iesl presented theory of
optimum net difference calculation is valid for iears orthogonal curviline-
ar coordinates. Hence, the optimum net and nodsgeies are considered
for Reynolds equations in cylindrical, sphericaldaonical coordinates and
are numerically examined (see sections: 8, 9, 10).

2. As the result of the performed research, the optimumerical net concern-
ing the stability and convergences of the obtainatherical calculations
processes for partial difference and recurrenceat@mns have been dis-
cussed. Next, for the optimum net, the convenieriglds recurrence equa-
tion was derived.

3. The initial numerical calculations indicate thaffeliences between pressure
values obtained from experimental measurementspaggsure values from
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recurrence Reynolds Equation (26) derived for st fJNR classical net
and pressure values obtained from Equation (33jvetefor the third UNR
optimum net approximation, attain about 7 and ¢, respectively. Dif-

ferences between pressure values calculated bg trsrfirst and third UNR

nod [L.7] are equal to 9 percehtg. 9.[L. 14, 15].

First Differences 9 percent Third
UNR Nod UNR Nod
7 percent 3 percent

| Experimental pressure measurements |

Fig. 9. Mutual differences between pressure valuasbtained from the first UNR nod, third

UNR, Nod and Experimental measurements

Rys. 9. Wzajemne #dice medzy wartgciami cénienia uzyskanymi za pomgeiatek rénico-

wych Pierwszego i Trzeciego Typu oraz z pomiar@iadczalnych
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Streszczenie

Wspoitczesne problemy oblicaZé numerycznych wysgpujace w tribologicz-
nych problemach urzadzen napedowych oraz w problemach spratu
transportowego a szczegolnie w mikrotyskach slizgowych twardych dys-
kow komputerowych wymagap uzyskiwania coraz to wekszych doktadno-
§ci wraz z zachowaniem wiasn&i inteligentnych. Ponadto w przeprowa-
dzanych obliczeniach istoty role odgrywa zbieznosé, stabilncsé, a takze
niezawodna¢ uzyskanych wartgci numerycznych. Gtéwny temat nauko-
wy przedstawionego artykutu koncentruje s¢ na metodzie identyfikowania
optymalnej siatki r6znicowej do numerycznych rozwazan czastkowych
réwnan rekurencyjnych i ré znicowych.

Dlatego ter zostata przeprowadzona optymalizacja geometryczinéo-
kalizacji weztéw obliczeniowych oraz ich dynamika zmian w trakee obli-
czen numerycznych. Wyprowadzony oraz zdefiniowany zostandeks op-
tymalizacji okreslajacy najbardziej korzystng geometri lokalizacji we-
ztéw obliczeniowych w trakcie przeprowadzanych obtizeh numerycznych.
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Optymalnie dobrana siatka obliczé« w metodach ré&nicowo-
-rekurencyjnych ma zwigzek ze stabilndcia uzyskiwanych rozwhpzan nu-
merycznych oraz zapewnia zbigos¢ procesu obliczeniowego dla rinych
krzywoliniowych geometrii ortogonalnych. Zdefiniowana zostata tak zwana
Jednostkowa Siatka Obszaru (UNR) dla rénych czterech typéw aproksy-
macji réznicowej. Dla dwdch wybranych typow aproksymacji nunerycznej
opracowano schematy rénicowe, a nas¢gpnie na ich podstawie przy wyko-
rzystaniu Programu Mathcad 12 wyznaczono wartéci cisnienia i sity no-
snej ze zmodyfikowanego réwnania Reynoldsa w przypaa trzech najcze-
sciej wystepujacych czopéw w mikrotayskach slizgowych HDD, a miano-
wicie walcowych, parabolicznych oraz stikowych.

Poréwnane zostaly odchylenia w zakresie uzyskanyakartosci cisnie-
nia hydrodynamicznego wyznaczonych przy wykorzystan dwoch réznych
proceséw aproksymacji ré&nicowej. Mianowicie poréwnano wyniki uzy-
skane dla pierwszego klasycznego najgriej spotykanego typu aproksy-
macji z wartosciami wyznaczonymi z trzeciego bardziej zaawansowago
typu aproksymaciji réznicowej. Wartosci te mogy rézni¢ sie od kilku do
dziesiciu procent. Nasgpnie wyprowadzone zostalty wnioski dotycge
tworzenia optymalnych lokalizacji geometrii weztéw dla innych operato-
row roznicowych rekurencyjnych w przestrzeniach dyskretngh.



