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Abstract: The paperwork studies the way of calculation of the interstitial presgtirdReynolds equation for

the particular case of the primary sealing with coaxial round-shapdaicss, one fixed and the other one
rotating around Oz axis.
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1. INTRODUCTION

Through this paperwork the particular case of primary sealing analyzed in xxxx is studied.
Let’s presume that;@nd $ are coaxial round-shaped surfacesisSixed, S has rotational
movement with angular speed ® around Oz axis (fig. 1).

For determining k= H(r,0,t),consider My(r,0,z) € S. It’s noticed that My and N have
the same z.
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Figure 1.
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z=NN, =00, + O,N, cosNM ,0, =0Q, + _icosNM 0 =

sinNN, O,
r cos(’r — 6’)
_\2 J

(T
(5-2)

Becausey, is low, it’s approximated tgy, =Siny, = y, , SO:

OO0, + co{% - ;(1) =00, + Rsiné tgy,

Hi(r,60,1) = OO1+ 1 y,Sin0 Q)

In a similar way for Hreplacing 6 with 6-wt due to S, movement), results:
Ha(r,60,t) = O01+hg+ 1y, Sin(@ — at) 2)

Because the fluid is thick (viscous), it sticks to the surfaces, so
W=0,v=0,V=0, =ro,V,=0

We consider tha Iis constant (uniform), so we could presuvhe0
The equation generalized Reynolds becomes:

ofr sop] o1 30p|_ ., 0(H,+H,)
—|—(H,-H,P = |+ —=| =(H,-H,) = |=-6v) 22
arLl( =) ar}aehr( ) ae} 250 ©)

It’s noted h = Hy-Hj and considered p as constant. The equation (3) becomes:

(4)

The equation(4) represents the Reynolds equation for the studied particular case. The
admissible measures are introduced:

0 op) o (h®op
—|rh® = |+ =—| — == | = 6uar?|y, cod6 — at)+ y, coss
8r( 6rj ae[r aej pex L, 040~ at)+ 1, cosd]

- the thicknes$ =l:

- the radius’ :L; R = R
R.
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the relative tilt y =

X2
- the tilt-thickness film parametey, = Re%
- the rotor angular positiod2 = cor
2
- the pressurep = Mo
p ep 6,0R o p

Then:

- for re[R,R.] it getsr e|r: 2], and
0 _0 6r o 1 0.

- — SO i

or 6r or o R or

The fluid thickness equation is:

h=H,-H,=h, +r;(2{sin(0—wt)—ﬁsin0}
X2

Divide with hy and results:

£_1+ R Rehfz {sin(@—a)t) gAY S|n¢9}
X2
SO:
h =1+ Te[sin(6 - Q) - ysind] 5

The Equatiorg4) is re-written:
10| (el ol®Re 1 o[(hh) o(6uRw
R or| R E&[Tp SRl
=—-6ua(TR, "[x, cod0 - Q)+ 1, cosd] ,

SO :
GyRehOw;{ hSap} LR, a)% hr_%_: —BuR Rehfz [cos(@ Q)+ }72 cos@}

Divide with 64R hw and results the Reynolds equation in dimensionless measures.

o[ —,0p 'h®op ] _
~ h3 il ulll 2 —Q
pe [r Gr} 20| a0 e,r[cod0 - Q)+ ycosd|

(6)

2. THE INTEGRATION OF THE REYNOLDS EQUATION
For easing the notations, instead lofr,p we will user, h, p. Because,gl (from

Fg(;(l+;(2)<h0 SO e(l+ ;()<1) a serial of powers are developed aftehe# si p functions.

30¢ Fiabilitate si Durabilitate - Fiability & Durability Supplement No 1/2016
Editura “Academica Brincugi”, Targu Jiu, ISSN 1844 — 640X




We have:
h= 1+ehy(r6) , cu hi(r,6)= rlsin(0 - Q) y sind)]

P=o(r,0)+eapa(r,0)+e pa(r,0)+ ... )

With (6) the equatior{7) becomes

or k=0 k=0

a{ (L+eh) [Zezpkﬂ [1(1 eh) ag(Zezpkﬂ——ezr [cog0 - )+ x coss]

8[r(1+ E‘?hl)g] x 0Py 3 kazpk
1+ +
or Oez or r( eZhl) ;)ez 8!‘2

19|1+eh) ] & P
+r 0o k>O 50 +I’ thl é% 892
or:

{(1+ @m) +3e,r(1+eh Zahl} Z% r(d+eh ) x

k=0

Xzez E 2 ahl z ) apk o E‘Qh.‘l.) (8)

k=0 k>0 80 I’

= —e,r?[cod6-Q)+ ycosd|

><Ze2 802 =—e,r?[codd - Q)+ y cosd]
k>0
For identification of the! factors we get:

Py . 0°Pp,  10%p,

For e): r = =0
= o o T e
The conditionsp,(r,8) = p,(1,8)=0si p,(r,0)= p,(r,0+27)=0
will get p, =0.
For €", m >4:
op oh,, | 0Py [ 6@}% ! { 6*1}&0 s, . 0°p
T+ | 3h +3r . 3h" +6r . +3r ALl o+
or {hl ar}a 6y e+ hlr or or?

pm2 rh13 pr;—3+§%aprml+§hl%8pm—2 +§m2%apW3+
or r o8 o060 r ~ 068 00 r - o068 00
182p 3h 9°p,, 3 20%Pns 1, 30°Pys
- m, =1 ml, ~ m2 , - m3 _0
r 06?2 r 062 rhl 06? rhl 06?
We take the equations:

3rh & Pma pm T3k
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L0°p 10%p o p
o’ rog*  or

= —r?[cod0 - Q)+ ycosd| ©)

And respectively:

0°p,  10°p, , 0 p, _
or® roeet  or
oh, | op, 0°p, 3oh op, 3, °p (10)
—|3h +3r L |2 _3rh -t 1L _Zh T
{hl }6r hlar2 r 06 06 rhlae2

Becausey( r,0) = p(r,0+2x) it’s expected that also pi( ,6) = p1(r,0+27) SO we can solve
p; related tad in a Fourier series, meaning:

r)coskd + ps¥(r)sinke
P.(r0)=PE(D)+ 3 > |ps( pi¥(r)sinké) an

We imply the equation solving (9)

p,(r,0)= —%[rs — (2 + 2 +r2 ﬂ[( cosQ+ y )cosd +sinQsing| (12)

For solving the (10) equation, becapget)= p(r,0+2x) si p2(r,0)= p2(r,0+21) we can
develop prelated t® in a Fourier series, meaning:

p,(r.0)=p3(r)+> [pgk(r)cosk¢9+ pg"(r)sinke] (13)

k>1

We introduce (13), (8and (9) in (1pand get:

2.0 2 ~ck 2 sk 0
{d P +Z(dd P2 coské + dd p22 sink@ﬂ —}{ZW(DEK coské + p;ksinké’)} +ddﬁ+
r r

2 2
dr k=1 N

ck sk
Z{dﬁcosk9+dd%sink0}=g[r(COSQ—Z)COSQ—Si”QSi”Q {3f ~(r7+1)-r, }

k>1

[( cosQ+ y )cosd +sinQsing]+ gr[r(cosQ—;()sine—sichos@] [6r +12 iz}
;

[( cos+ y )cosd +sinQsing]+
§%[r(cos§2—;()sin0—sichose] [rg —(r? + )+ 12 ﬂ [(—cosQ+ 4 )sind +sinQsing]+
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gr[r(cosQ—;()sine—sichose]{r3 ~ (7 + 1) +r2 ﬂ [(~cos+ y )cosd +sinQsind]

The (14) connection is implied
p,(r,80)= p2(r)+ ps?(r)cos26 + p(r)sin20 =

3 . I 1 .
+ 27+ -3 ]+ 3—215an[1— 27 +(r,* —1)%+ 35520

5+8r2+5r* , r* 1
[ bt Bt B T B R
1+r17? 1+r2r?

2 4 4
SE S ey e et Jsingo.
1+, 1+r°r

3r2 -5r.* ]|cos26 +

+ 3% (cos20— 4?)[-

From (8), (1Rand (14 it results (1%:

p(0.0)-en(r o) nlro) % -k L

[( cosQ+ y )cosd —sinQsing |+
Inr

- Srsnof1-art+ (- 2h o

[sin203c0s202 — (cos202 - 42 )sin20]x
" 5+8r”+5r" , it o1

2t~ 325t ] ),
1+r17° 1+r2r? i 1

We come again to the notatiofsr,r; and get the film pressure as (16

=2
P (F,H):—% {r‘g’ ~(r? +1)r‘+r‘r7} [( cosQ+ y )cosd —sinQsing |+

iz H _oF2 =4 In_r w2 =2 24
+32{ZSIHQ{1 272 +(F 1)|nr_+2(ri +1f2 -3 }

+[sin203c0s20 - (cos20 - 52)sin26]

5+8r°+5r* , PR |
[ =2 re-2 =2 =2
1+, 1+r°r

3r?-5r* | }.

(14)

(1t

(16
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