RESUMEN DE ECUACIONES DIFERENCIALES — MECANICA DE FLUIDOS

ECUACION DE CONTINUIDAD ‘Z) +00 =0

Coordenadas Rectangulares (x ; y ; z): % + 9 (p Vx) + 9 (p Vy) + 9 (p Vz) =0
ot Ox dy 0z

Coordenadas Cilindricas (r; 0 ; z): % + 10 (p Vr) + 19 (p VQ) + 9 (p Vz) =0
ot ror radf 0z
Coordenadas Esféricas (r; 6 ; ®): %—'E; + rl : (p Vr ) r Sine 9 (p Ve sen@) " aaq) (p qo) =
ECUACION DE MOVIMIENTO
pPL+vuanf=-0p-0r+pk pPEvvaonB=-0p+0ir+prg
0ot O — 0ot [ -
1) RECTANGULARES ( X ; YV ; 2)
1-1) En funcién de T:
Componente x p:ﬁVx Vx 1y oVx N VZ a_p XX aTyx asz t D gx
E— H ot ox dy ox Hox
Componente y P Vy + Vx oy + 1y oy + V a_p Ly GTyy Otzy p gy
ot Ox dy oy Ox
Componente z p & + Vx% + Vyaﬁ +Vz % a_p aTyZ aTZZ +pgz
ot Ox dy 0z ax

1-2) En funcidn de los gradientes de velocidad para fluidos newtoniano de p y |1 ctes:

EBV)C oVx anE_ ap l:p Vx 0 Vx 0 Vx
Componente x p + 1y + Vz = + pgx
ot dy d HHa " o)
2 2
Componente y P Yy aVy aVy +Vz vy - _a_p + Il:p Vy 0 VJ’ 0 zy +pgy
ot s dz d Hoxt 9y’
Componente z o Vz 1y oVz Vs oVz _ _0p N lJ:P Vz 6 Vz 6 Vz ¥ p gz
ot dy 0z dy Hox> 9y’
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2) CILINDRICAS (r; 0 :2)

2-1) En funcién de T:

Vr ovr Ve ovr Ve’ Vrld_ _dp 1 010 T@B 0tz
Component + V- +V = — () +—
o °”e"erPEat o - o0 - ZazE or %ar( Nt e T T n g
1ZC] 6V9 14°) 6V9 Vrvo 018 lop 1 0 10t 99 oT&
Comp t + 1z =—— X — 0
omponente 3 pB’ "o T e s 02@ raegf CTO)+ e t o o P
Componente z pEpVZ + raVZ + V_@GVZ + )z oz = _a_p - Bl—i( rz) + l_@T@z + %H+ p gz
ot or r 00 0z [ r

2-2) En funcién de los gradientes de velocidad para fluidos newtoniano de p y | ctes:

2 2
Componente r p%waw“/eaw E VaV”E _op %H( VI’)H"‘IOVV 20V9+6Vr%+pgr

o r 00 r a8 a8 &
Ef ove 1Veove Vrle 6V9 162V0 2 6Vr e
C te +V +— + B= Ef — 6
am s A VAR - S % 9L 706 rPoe @ fre

Componente z pEpVZ +Vr — z = -= _( _)
Do o 108> 3’

vz VB ovz ovz[_ _0p vz, 1 0*Vz 0°Vz
+ + V- + + p gz
or r 00 0z [ 62

3) ESFERICAS (r : 0 : ®)

3-1) En funcién de T:

2
Componente r %+V6—W+V—6LVF Vo oV VO +V¢ZE:_0£_%}7§(F2W)+ 1 i(rresene)+ 1 o _ r69+r¢¢%p §
/a

r 00 rsend 0@ r or r senf 00 rsend 0@
Componente 6 6V9 V96V9 Vo 6V9 Vrio V(/fcotH lap 12( Tr9)+ —(T@G o)+ 1 @(p 0 _ ﬂe qD;%’pg@
r 00 rserB 6(p r r969 rsed 0p r

Comgonenteq) pgﬁp+V0V(p VG@V(p V(p %p{_V(;Vr V(/I/H t@% 1 @ 1 0( @1_1@ 1 (?T(p(p Tr(p 200t9T9@‘rpg(0
o r 06 rserH op r r rserf 0@ 00  rsed op r

3-2) En funcidén de los gradientes de velocidad para fluidos newtoniano de p y | ctes::

Componente r pEL VLVF+KQ% Vo o _ VGZ"'V‘ﬁ% "'IJ@]Z % 2%9 2 Vocotd -2 m%pgr

r 08 rserB 0p P o8 rserf 0@
Componente 8 6V9 Ve 6V9 Vo 08 N Vrie Vg cotd _ 1o Gp 0+ 20V 2cosB 0V ped
r 09 rserﬁ o r r r09 ” 00 rserf@ et op
Componente z V% ;9% quo oy, Ve Ve Vi, qufe tQE: 1 @, - 0 2 2 orr, 220059 %E*pgw
E r 06 rserﬁ op r rserB 0@ rsen rser 0Q rsernf 0@

En estas Ecuaciones
10 0 1 0 0 1 9’
0= 2 O, 2 Beng 20+
PP orQd orQd r’senf 06 0 080 r’send P’
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COMPONENTES DEL TENSOR ESFUERZO L

Coordenadas Rectanqulares ( x ; vy ; z2):

oV 2 0
xx = ‘H% > -—-U EZ)E Xy = Tyx = —,ué,-ﬂ 6Vy%
3 0oy ox
1% 2 W Wil% arzu
Tyy=-u§—y-—@ D)0 Dz =Ty = U+
o 3 N 0z d 0
oVz 2 0 0z anD
Tzz = — -—(Uw Tzx = Txz = — E_
7z u% 3 () _)B 7x = Txz u PN P E
Qo) = oVx N oy N oVz
Ox dy 0z
Coordenadas Cilindricas (r; 0 ; z):
orr 2 0 () 1 oVrQd
rr = — -— (o = = _
rr U% 3 (! _)E wl =16r = H‘ r” EV—§+ Y- H
ore Vr 2 [ [6V9 10rz0d
00 = —upt- 22+ -0 T8 = 1:0 = -
‘ %Br ' 3(_ = R PR 'Y
Vz O OVz orrQJ
Tzz = = -0 Tzr =Trz = — +—
zZZ H% 3 (_ _)E zr rz H% % E
(D [V) — li(]’Vl’)'*‘ l aVG aVZ
— ror r 00 62
Coordenadas Esféricas (r; 0 ; 9):
orr 0 o 0 1 ovrQd
Trr = —_— - = 4 70 = 16r = — — + -
HE S, (— —)E A e EVTQ - 90
orve Vr Lhen® 0 O Ve 1 oveu
100 = - %% H——DEV 100 = 100 = - 2
% = )H oot H 26 CsenB D rsenf 0@ H
0 Ve Vr VOcotO C _ _ 1 o o Blf_tp%
Q= — — T+ 4+ - ‘oW r(pr—rrqo——u —
oe ug sen@ 0@ r r E 3 @ _)E sen® 0(0 al’ ar
Q)= %i( W)+ —— 2 (10 seng) + —— 7@
or r senf 00 rsenf 0@
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RESUMEN DE OPERACIONES DIFERENCIALES CON EL OPERADOR 1 RECTANGULARES (x;Vv;2)

oVx oVy O0Vz
+ +

@)=
Ox dy 0z
d°s 0’5  0°s
D2 = 4+ 4+
9=t a "o
[:07)= 1 Eﬁ—H+ oy s BB oy BB O H, o P L OV2H, L PV O
oy 00z O dy Ox 0z dy Dax az
§
ol =5 [or, =2
Ox ay 0z
Os oVx 0Vz
U Us], = — govi |ILor
o[, =3 e
. =5 por]. =522
0z L Ox ay
(
- e 2 2 2
[D E‘[] - 0Txx GTxy N 0Txz 5] = 0°Vx N 0°Vx N 0°Vx
0x oy 0z S S ) o
- e 2 2 2
lE D_‘J < [D ET] = o0Tyx 6Tyy N 0Tyz 2y o] = 0Ty N oy N o Vy
= Ox dy 0z - T o’ dy’ 0z°
- e 2 2 2
[D ET] - 0Tzx 6sz N 01zz 3] = 0Vz N 0Vz N 0Vz
0x dy 0z Y e ) e o
\ \
OVx dVy 0VzQO e v vz]
|_|0)C dx dx 0 0o B oVx dVy adVbz
0 B Q;D Ox Ox Ox
ovx ovy oavzU O
ov =03 Oo O grx ovy oz
dy 0y Oy 0 Y =[ov
- g %D oy dy Oy o]
l D 00
%Vx oy 0Vzp E,a_g oVx odVy 0dVz
0oz 0z 0z [J 0z0 az 0z 0z
( ov: ov: ov:
[vmy] = ry 2Ly 22
X dy 0z
oy ovy ory
M Vvl =V
[K _KR [ dy 0z
o] = 9% ey 92 4y 92
X dy Z
\
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RESUMEN DE OPERACIONES DIFERENCIALES CON EL OPERADOR [ CILINDRICAS (r; 8 ; 2):

QW) = li(rVr) 1 6V9 aVz
r or r 09 az
2 2
(DS)—li 6s+102+0_§
ror[] or] r° 00 0z
:or)=
TrrBB—H 196 @@+—H+ EP—H+T9 %6 GH+1VE + 16z E%+w5+ TrzB%+%H
0oz O orgr O r oy 060 0z [ 0or 0z [
( (
[QS] _ % [D DV] 1 oz aVQ
" or r 00 0z
1 Os orr 0Vz
os]d o], = -+ ooy [oov], = 27 - 2=
), =1 2 o por, =22
nd. =5 D)= 5 )= 5
L 0z r or r 06
_10 10 _ 1 0tz ] - 0 g 1.9°%Wr 2 0V6  0Fr
[DD]r_ii(T )+7 I”T99+ aZ [E| V]V a B>a E-F 2 692 }”2 09 + aZZ
101660 018 2 010z d 0 1 aVe 2 9vr 018
0o == il 2 2 _- _ haal
Dk bol, 59 T s TTOT, 2r bl OHr Ve)H+r2 A T
[DD—] —li(rrrz)+l@+arzz [|:|2V] li L + 1 0’7z %
9 *oror 00 0z L T ror0 or O 06> 0z
( 2
[VDDV r:VraVr_FV_QaVr_VB V%
or r 00 r 74
[KDDK'R [VDDV]ez VraVQ +V_96V9 + VrV 6 +V20V9
- r r 00 r 0z
[V ] = v vz V@ 0Vz s vz
ar r 00 0z

\
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RESUMEN DE OPERACIONES DIFERENCIALES CON EL OPERADOR [1 ESFERICAS (r; 0 ; ®):

(DEV)=L2§(1’2V7’) (V956n6)+ ! i(qu)
r- or

- r Sen9 2] r sen0 6(0
1 0 Os 1 d 0s 1
) = — > g2 2 H, 2 Hend
) P2 or or[ risenf 06 [ 09 D r’sen’@ a(p2
TrrBE’—H+ 00 Biw +E 6V§0 vr VBcotB% V 1 ovr LQE+
(E : DV) _ 0o SenB op r 0 or r 090 O
o Ve N 1 orr _ WPE+ 100 % Ve N 1 0V@ cotf V("E
or rsen8 09 r 00  rsenB 0@ r
(
1 0 1 o0ve
= — gavy, VyenO —
LS] [ ]' rsen 69( @renf) - rsen@ 0@
1 as 1 adr 10
Usl, = —— OOV], = ———— 1V
[QSH [‘S]e r 00 [Q DZ]< [ ]0 rsen@ 0@ r Or (r (p)
1 1 0 1 drr
goav rVg)————
[_S] rsen@ O(p \[ ](p r ar( ) r 00
P
[D D‘] izi (r Trr) 9 (Tr@sen@) + I _Oug 100 +199
or rsenf 00 rsen@ 0@ r
0 1 0 1 016p w6l coth
0T = — {2 el bt ST
|'_ =J< [D D] ¢ 1’2 or (r Tr9)+ rsen 00 (T99sen9)+ rsen8 0@ ¥ r r i

(”p)+16r9q0 1 6rgoqo+ﬂp+2cot6
r 00  rsenB 0@ r r

109

ol —
QJ‘QJ

[I:IzV] =0 _27121” _% are _2re (2:0t9 — 2 e
r r° 08 r r’sen@ 0@
20Vr_ V8 _ 2cosB 0Vg
08 rsen’® r’sen’® 0@
Vo 2  0Vr 2cosB VO
I:le = |:|2V - + A AN
[ ](0 (p rzsenz(p rzsenZQ a(p rzsenze a(p

02y < 0] = e -

\
p
2 >
[V D]V] = orr N Ve avr N Vo oVr VO~ +Ve
or r 080  rsenB 0@ r
[KDQZH [V[I]V] = VraVQ +V_96V9 N Vo 0Ve +VrV9 _ V' cotB
or r 08  rsenB 0@ r r
v mov] = vr Ve  Veove Ve dVe Velr  VOVgcot6
L or r 00  rsen@ 0¢@ r r
4 4 4
|:|4 — a + a a

2 +
Ox* aay® oyt
operadorbiarmonico

Ing. Qco. Eduardo R. Henquin
Péagina 6 de 6 http://www.eduardohenquin.web.net.ar



