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Simple flow of interest

» Flow of liquid past a stationary sphere (which is the same
ingle particle moving (perhaps by gravity) through an
otherwise quiescent liguid (or gas)

» Here is drawing from Denn’s book:
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“Correlations: Mass transfer or heat transfer”

| for simple situations
f conditions Equation

1000-60 000 ip = 0.023 Re 917
0.6-3000 Sh = 0.023 Re%%? Sc!/3

100 000 j, = 0.0149 Re %12
Sh = 0.0149 Re%88 §¢!/3

/ Pr 0.25 — —
o 0 ; 0
0.037 Re%3 Prd ”( Pr ) 5. Perpendicular Re = 400-25 000 kap,
! to single Sc = 0.6-2.6 Gy
= cylinders Re’ = 0.1-10°

Between above and
Ca ‘G Pr = 0.7-1500 Nu = (0.35 + 0.34 Re®5 + 0.15 Re”®8) pr03

Sc036 = 0.281 Re4

25
Pr, \

0.0027 Re, Pr]:“ ”)
Pr

i

Past single Sc = 0.6-3200 Sh = Shy, + 0.347(Re” Sc®*)°%2
spheres Re” S5 = 1.8-600 000 Shy = 2.0 + 0.569(Grp, Sc)**° Grp Sc < 10° |
2.0 + 0.0254(Grj, Sc)*** 8¢  Gr), Sc

Through fixed Re” = 90-4000 206
beds of pellets§ Sc = 0.6 Jp =Ju == —Re" =07

Re” = 5000-10 300
Sc = 0.6

Re” = 0.0016-55 . _ L9 .23
Sc = 168-70 600 Jo = TEaRe

Re” = 5-1500 . 02505 .—031
Sc = 168-70 600 Jo = e

Jp = 095j, = ZOT"‘Re"-“"

+ Average mass-transfer coefficients throughout, for constant solute concentrations at the phase surface. Gener-
ally, fluid properties are evaluated at the average conditions between the phase surface and the bulk fluid. The heat-
mass-transfer analogy is valid throughout.
t Mass-transfer data for this case scatter badly but are reasonably well represented by setting j, = jy-
§ For fixed beds, the relation between e and d, isa = 6(1 — ¢)/d,, wherea is the specific solid surface, surface per
volume of bed. For mixed sizes [58]
n
2 n.»d,’.
i=1
n
2 "idpzi
1
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8. Sphere moving through a tube at R=0.10, relative ative to it. The photograph has been rotated w;hp.ed

motion. A free sphere is falling steadily down the axis of a from left to right. Tiny magnesium cuttings ared o‘

tube of twice its diameter filled with glycerine. The camera by a thin sheet of light, which casts a
is moved with the speed of the sphere to show the flow rel- sphere. Cowancean 1968

SymneTac: WrEn WAY SFl

. Uniform flow past a circular cylinder at R=016.
hat the flow is from left to right can scarcely be deduced
mndwsqumdmcpnmnnbununﬁl@nnm"°f“m

mmMm-mW"m - s

10/13/16

~

30357 17 lecture 10 24 571



ome calculations

e Planar flows from the Notebook: Flow past a




Flow past an obstacle
There is no wake and the lower plot of the

pressure shows that the pressure is constantly
decreasing

rmf = RegionMember [Q] ;
Show[BoundaryDiscretizeRegion[Q],
StreamPlot[{xVel[x, y], yVel[x, v]}, {x, 0, 2}, {y, O, 1/2},
RegionFunction -» Function[{x, vy}, rmf[{x, y}]], AspectRatio -» Automatic], ImageSize -» 600]

pressureplot = RegionMember [Q] ;
Show[BoundaryDiscretizeRegion[Q],
ContourPlot [ {pressure[x, y]}, {x, 0, 2}, {v, O, 1/2}, RegionFunction » Function[{x, v}, rmf[{x, v}11]1,
AspectRatio -» Automatic], ImageSize - 600]

\




Photo taken at Notre Dame, presumably in a building that used to be SSW of Jordan Hall.

66. Spinning baseball. The late F. N. M. Brown devoted flow speed is about 77 ft/sec and the ball is rotated ac 630
many years to developing and using smoke visualization in rpm. This unpublished photograph is similar to several in
wind tunnels at the University of Notre Dame. Here the Brown P71, Phocograph courtesy of T. J. Mueller
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Fast flow st a cylinder

48. Circular cylinder at R=10,000. At five times the number spanned by these two photographs. It drops later
speed of the photograph at the top of the page, the flow when, as in figure 57, the boundary layer becomes tur-
partern Is scarcely changed. The drag coefficient conse- bulent at separation. Photograph by Thomas Corke and
quently remaing almost constant in the range of Reynolds Hassan Nagib




Flow past a sphere

55. lnstantancous flow past a sphere at B« 15,000, Dye radius. 1t then becomes unstable and quickly wurns tur-
in water shows a laminar boundary layer separating ahead bulent. ONERA phocograph, Werlé 1980
»f the equator and remazining laminar for almost one




Flow past an obstacle
There is no wake and the lower plot of the

pressure shows that the pressure is constantly
decreasing

rmf = RegionMember [Q] ;
Show[BoundaryDiscretizeRegion[Q],
StreamPlot[{xVel[x, y], yVel[x, v]}, {x, O, 2}, {y, O, 1/2},
RegionFunction -» Function[{x, y}, rmf[{x, y}]], AspectRatio » Automatic], ImageSize - 600]
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rmf = RegionMember [Q] ;
Show[BoundaryDiscretizeRegion[Q],
ContourPlot [pressure[x, v], {x, 0, 2}, {yv, O, 1/2}, Contours -» 20,
RegionFunction -» Function[{x, vy}, rmf[{x, yv}]], AspectRatio -» Automatic], ImageSize - 600]
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Flow In a “lens’

e The next two figures show flow in a crescent or
lens

rec
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Right to Left!

rmf = RegionMember [Q] ;
Show[BoundaryDiscretizeRegion[Q],
StreamPlot[{xVel[x, y], yVel[x, yv]}, {x, -1, 1}, {y, -1, 1},
RegionFunction -» Function[{x, vy}, rmf[{x, y}]], AspectRatio -» Automatic], ImageSize - 600]




Flow past a sphere

* Note how the streamlines are displaced outward far
from the sphere

rmf = RegionMember [Q] ;
Show[BoundaryDiscretizeRegion[Q],
StreamPlot[{xVel[x, y], yVel[x, v1}, {x, -2, 2}, {y, -2, 2},
RegionFunction -» Function[{x, y}, rmf[{x, y}]], AspectRatio -» Automatic], ImageSize - 600]
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SEEMS LIKE T IS SARE TO SAY
TR W ARE OPTIM 220 for

THE TRAVEOFFS OF EPFICIENT
QREATH IV 6 VERSUL PROTECTON
FeoMm PAeC LEC

The respiratory tract is especially designed, both anatomically
and functionally, so that air can reach the most distal areas of
the lungs in the cleanest possible condition. Nasal hairs, nasal
turbinates, vocal chords, the cilia of the bronchial epithelium, the
sneeze and cough reflexes, etc., all contribute to this filtering pro-
cess. And, on most occasions it is properly done. But human beings
are full of paradoxes: an efficient system, designed to avoid certain

particles from penetrating into the lungs, is at the same time used
to intentionally deposit drugs in the airways and even for these
to reach the alveoli in the best possible condition. It is thus nec-
essary to get around the defense systems by evading reflex arcs,
mucus layers, ciliary movements, etc., so that, with the inspiratory
flow, the molecules that can improve diseases are deposited in the
lungs. A system that evolved over time in order to filter and clean
the air should be dodged in order to deposit other substances that
we deliberately want to reach the inside of the organism. Without a
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PARTICLE CLEA2Z Wi
MECHA U 1SMC

T.C. Carvaiho et al / International Journal of Pharmaceutics 406 (2011) 1-10

Inertial

Impaction Sedimentation Diffusion
Directly related Directly related Inversely
to tod? related tod

Y Gpmp)-dg kT
N i i =

P
Aerodynamic Diameter: ‘--“J,:.

Fig. 2. The influence of particle size on deposition. d: particle diameter; Stk: Stokes
number; py: particle density; V: air velocity; n: air viscosity; R: airway radius; Vi@
terminal settling velocity; p,: air density: g gravitational acceleration; Dift diffu-
sion coefficient; k: Boltzmann's constant; 7: absolute temperature; d..: aerodynamic
diameter; po: unity density.
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