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coefficient. Physical-property data are:

38°C, 1 std atm

Air H,
Density p, kg/m’ 0.114 0.0794
Viscosity g, kg/m - s 1.85 x 10=% 9% 10-*
Thermal conductivity k
W/m-K 0.0273 0.1850
Heat capacity C,, kI /kg - K 1.002 14.4

Diffusivity with water
vapor, m?/s 7.75 % 107#
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i/Tﬁ)Ie 3.3 Mass transferf for simple situations

Elnid mation Range of conditions ~ Eguation Rel.
I Insidecitcu-  Re=4000-60000 j, = 0023 Re™®" oE a,
lar pipes Sc = 0.6-3000 Sh = 0,023 Re?® 5!/ Lot dond. s s 52
Re = 10000 — 400 000 j, = 0.0149 Re~012
Sc > 100 Sh = 0.0149 Re0# Sc!/3 44
2. Unconfined  Transfer begins at
flow parallel  leading edge Jp = 0.664 Re %3 R
to flat platest  Re, < 50 000
Nu = 0,037 Re2® Prﬁ“’( ——9)
Pr = 0.7-380 Pr;
65
Re, =2 X 10°-5 X 10° Between above and
pr. \03
Pr = 0.7-380 Nu = 00027 Re, P.gﬂ( #)
3. Confined gas
flow parallel . 0%
(o a flat p]ale Re, - 26(“)-22 000 Jp = 0.11 RC, 46
in a duct
4. Liquid film in . 0-1200,
wetted-wall ~ * Egs. (3.18)-(3.22)
tower, transfer fipples suppressed 20,
between liquid 1.506 3
and gas % = 1300--8300 Sh = (1.76 X 10-5)(4{-) Schs




SL

5. Perpendicular Re = 400-25 000 kaP, o056 _ oa 5
to single Sc = 0.6-2.6 G0 ~02B] Re

cylinders Re’ = 0.]-10° 6,
Pr = 0.7-1500 Nu = (0.35 + 0.34 Re®S + 0.15 Re'®8) P03 21,
07)
6. Pastsingle  Sc=06-3200 Sh = Shy + 0.347(Re” Sc®%)0¢2
sphieres Re” S = 18-600000 g _ 20+ 0569(Gry 80 GrpSc<10t)

o= ‘iﬁ?—' (tock pg&2) 2.0 + 0.0254(Gr), S¢)*** 8¢9 Gr), Sc > 108

7. Through fixed Re” = 90-4000

beds of pellets§ Sc = 0.6 Jp=Ju= %'ike" s
g\;’;zo'gOOO—lO 300 ip = 095j, = @;ch_oxls :5
SR R 64
e I

T 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, is a = 6(1 — )/ d,, where a is the specific solid surface, surface per
volume of bed. For mixed sizes [58]
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y, = 000102 Y, = 0.00102
Av mol wt = 11.0
G1 = 0.250 m*/s = 0.01075 kmol /s Gs=0.0105]1 kmol /s nonbenzene

Temperature = 26°C pressure p, = 1.07 X 10°* N/m? (803 mmHg)
Viscosity = 1073 kg/m * s (0.010cP) D, 5 = 1.30 X 10~° m?/s

Ligquid x5 = 0.005 X, = 0.00503 mol benzene/mol oil.
x; = 01063 X, =0.1190

Mol wt = 270  viscosity = 2 X 10~ % kg/m - 5 (2.0 cp)
Density = 840 kg/m> L2 = 1,787 X 10~ kmol/s
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