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2 Balanco de forcas

® Peso: P=mg, ¢

® Empuxo: E = my, g

® Arraste: Fy = _§_CDv2p.AP
4

® Forca resultante?

' P=myg

sustentacao




(sustentacao - ligacao com o Munson et al.)
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(sustentacao - ligacao com o Munson et al.)

® Pressao e superficie * Lift (Sustentagao) e Drag (arraste)
p<0
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M Figure 9.3 Forces from the surrounding fluid on a two-dimensional object: (a) pressure foree, (b) viscous
force, and (¢) resultant force (lift and drag).




2.1 Sedimentacao

F.=P-E-F, .
\

dv 2 .
msol-E = Mgo1- 9 _mliq-g-_Z-CDv p-Ap ' P=mpg
dv (pSOl_p) 2 1 :E ﬁ:l ﬁ:D
= = -2 Ap— p
dt Psol 4 CDU p-Lr 4 m Vv 4 ’




2.2 Sedimentacao E=mg

v (L
dv (Psor —=P) 3 ’ _\/4-9-(psol_p)-DP ' K
=

—=0 g—"—""=_.Cpv2D
dt Psol 4 prrer 3-CDpsol

P= Mpg
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lig
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2.3 Fluidizacao

0=P —E —F,

0= (P — E) Forca cinética

Mgo1- 4 — Myig- g = v (psol — pliq) 9

(psol pllq) g =7 CDU P~

P- Mpg




2.4 Elutriacao E=mg

FR:FA_(P_E)

P- Mpg

Mgo1- 4 — Myig- g = v (psol — pliq) 9

3 A
(psol - pliq) g = 1" CDUZP-VP




3 Aplicacao

* Estimar a velocidade terminal para particulas entre 80-100 mesh de calcareo (pp =

2800 kg/m3) que sedimenta em égua a 30°C.
Dados 1=0,801 cP p; = 995 kg/m’

Solucao

® Vamos considerar regime de Stokes (Re, <0,3)

* Cp =24 / Rep — diametro de Stokes: dSt =




3 Aplicacao

0,175+0,147
e DP —

* u=0,801 cP = 0,801 103 kg/m/s

=0,161 mm = 1,61 10* m

D;g(ps_pL) _ (1,61 10792 10™/ , (2800 —995)"g/m3

18 uy, 18 ug,

® Rep, baixo — v =

® Ve =0,032m/s — Rep= 6,4

b

4 (2800 —995) 10.1,61 107%
3 995 0,43

C,=5,31-4,88 — v,= J =0,0952 m/s — Re,= 19




4. Mais correlacoes

Autor (O Rep
_ 24 Rep<1
Stokes Cd_a ep
Ossen (1910) :2_4( 3 ) Rep<5
Putman (1961) Cd:RZT4 (1 +0,15 Reg,687) Rep<10?
P

Haider e Levenspiel (1989) Cd:RZT‘L (1 +0,1806 Reg,687 n
P

0,4251 Rep

6880,9
Rep

) 1<Rep < 2,0 10°

White (1991) _ 24 6
Cd B s Rep i 1+./Rep

Rep < 2,0 10°




4. Mais correlacoes

Quadro 7.1 Correlacdes para o coeficiente de arraste (SILVA, 2006)

Autor Modelo Validade
24
Stokes Cp = Re (7.22) Re, <1
D
Ossen Cp =2 (1 + 2 Re )
(1910) P Re,\ 16 * (7.25) fe, <
24 0,687
Cp=——(1+0,15 Re}*) (7.26) pe. < 107
Putnam €y p
1961 24
(1961) Cp = @(0’0183 Re,) (7.27)  10°sRe, <2,0x 10°
Tilly Cp = ﬁ(l +0,197 Re% %+ 2,6 x107° Rel™) Re. < 2.0 x 10°
(1969) Re,, P p (7.28) p <2,
. . 24 [ 0,0175 Re
Clift e Gauvin €, = ——[1+0,15 Re?%®T4 Z— = 2 5
(1970) " Re, R (1.29) Re, <2010
Haider e 24 [ oegr  0,4251 Re
Levenspiel D= Re 1+0,1806 Re,™ + | 4+ 6:8809 - (7.30)  I=Re,<20x 10°
(1989) P Re,,
White Co_04424 ,_ 6 5
(1991) D Re, 1+ \/Rep (7.31) Re, < 2,0 x 10




5 Aplicacao - processo iterativo

* Se C, e fungdo do Rey, ¢ necessario um processo iterativo

Para C;=—— (1 4 0,15 Re>*%")

Rep

* laiteracio: Re,= 6,4 — C,=5,76 — v,=0,02599 —Rep=5,2

* Jaiteracao: Re,= 5,2 — C,=6,76 — v,=0,02399 —Re;=4,798

* 3aiteracio: Re,= 4,798 — C,=7,2 > v,=0,02324 —Rep;=4,649

* 4aiteracao: Re,= 4,649 — C,;=7,3874 — v,=0,0229 —>Rep=4,591
® Saiteracao: Re,= 4,591 — C,=7,46 — v,=0,02284 —Re,=4,56

® 6aiteracao: Re,= 4,56 — C,=7,49 — v,=0,02280 —Re;=4,56




o Conclusoes
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