Heat TRANSFER IN A BAFFLED PAckED BED

Process fluid: Air

Tube dimensions: 3.6-in. I. D, by 15 in. length
Packing: 0.3-in. alumina spheres

Mass flow rate: 230 lb./(hr.) (sq. ft.), based on empty tube
Linear velocity: 1.0 ft./sec., based on empty tube

Baffle dimensions, in. he, Bed
Baffle Chord Temperature, °F. B.tu/(hr.) pressure
Trial to baflle Diam. Inner diam. to oppo- Wall Inlet Wall Exit (sq. ft.) drop,
no. spacing of disks of annuli  site edge at inlet air at exit air {°F.) in. Hg
1 Unbaffled bed 136 77 201 177 8.4 7.0
Disk and doughnut baffles
2 2.0 1.75 2.5 132 76 210 178 7.8 7.0
3 2.0 2.5 2.5 133 77 197 175 8.9 7.5
4 2.0 3.25 2.5 121 i 201 189 15.0
5 1.0 3.25 No Annuli 123 77 201 182 11.3
6 1.0 3.25 2.5 125 77 201 195 19.2 8.4
7 1.0 3.25 1.0 108 7 200 193 23.7
Staggered horizontal partitions
8 3.0 3.0 111 77 192 158 7.8 i
9 2.0 3.0 137 77 204 186 10.3
10 1.0 2.0 132 76 203 183 10.1 7.5
11 1.0 2.5 121 76 193 174 108 8.0
12 1.0 3.0 109 77 197 189 21.3 8.0
transfer measured by the effective wall doubtedly accompanied increased baf- h. = effective wall film coefficient,
film coefficient. fling, B.tu./(hr.) (sq. ft.) (°F.)
The effect of annulus inner diameter g = total heat transfer rate, B.t.u./
was shown in trials 5, 6, and 7. The CONCLUSIONS hr.
value of a traversing bulk flow from Exploratory studies have shown that * = temperature, °F.
center-to-wall was again apparent. transverse baffles placed in a packed 4¢t = temperature difference be-
Neither large disk baffles nor large bed can double the effective lateral tween wall and bulk fluid,
annular baffles were anywhere near as  transport of heat, and presumably of Fo
effective alone as was their combina- mass also, while increasing the bed &% = g)i%fanthmlc omFean emperature
tion in trials 6 and 7. pressure loss by about 20%. The baf- erence, I
N . fles should impress a traversing lateral W = flow rate through apparatus,

The small rise in bed pressure drop
associated with baffling suggested that
the actual fluid path length and flow
cross section were little affected by the
presence of the baffles. The flow pat-
tern was altered to favor lateral trans-
port without increasing the dissipa-
tion of mechanical energy. This find-
ing was modified however by the in-
crease in bed void fraction which un-

bulk flow on the normal flow regime.
To improve heat transfer to the sur-
roundings the baffles should pinch the
fluid How at the wall.

NOTATION

A = inside wall area of packed
bed, sq. ft.

C, = mass heat capacity, B.tu./

(Ib.) (°F.)

1b./hr.
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Dear Editor:

In a recent Communication to the
Editor Holm (1) treated the effect of
nonuniform vapor distribution on dis-
tillation plate efficiency and showed
that when vapor rate increases along
the direction of flow of the liquid
phase, Murphree plate efficiencies are
in general greater than those for uni-
form wvapor distribution as given by
Lewis (2).

There appears to be an error in the
author’s derivation which renders his
results invalid.

In arriving at the expression for
E,./E [the author’s Equation (4)]
the author used the following expres-
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sion for the average vapor concentra-
tion above the tray:

y = ydw

Correctly, y is the mass average con-
centration and should be given by

— g
y oyc )

Using this we arrive at

E... =fl :g_

E ¢ G
eEx(l —fw _z—_dw) dw (2)
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Since g/G is a function of w, we may
write

J7 £ dw = ¢(w) and
e

p (8)
£ yw)
G dw
and Equation (2} now becomes
_%f- = g™ J: ‘f"(w) P ol
Ex
— ~Exd{w) 0 4
i [e I (4)
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Abstract: The steady state diffusion of gases through capillaries or through the
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diffusion equation is derived to describe the diffusion rate as the nature of the
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From the definition of ¢(w), Equa-
tion (3), we see

¢(w) Juo = 0, and ¢(w)Juwa =1
Thus Equation (4) becomes

En,. €™ € —1
E Ex (1—e™) = Ex
(5)

We come to the conclusion that, re-
gardless of the form of the vapor dis-
tribution function, the ratio E../E is
identical to that which is obtained for
uniform  vapor distribution, from
Lewis.

We may rationalize the present re-
sults as follows: On the basis of the
assumptions of (1) one dimensional
slug flow of the liquid phase, and (2)
constant point efficiency unaffected by
vapor distribution, it follows that the
liquid phase, in flowing across a tray,
sooner or later contacts all the vapor
phase, and variations in the local flux
of vapor throughput do not alter the
over-all concentration change in the
liquid between tray inlet and outlet,
although, indeed, the conservation of
matter does dictate a direct relation
between vapor distribution and point
to point, or local, concentration changes
in the liquid. In fact it appears that
this conclusion is not contingent upon
a well-mixed vapor under the tray,
and we suggest that it is valid for the
other two cases originally treated by
Lewis (vapor not mixed, liquid flow
parallel; and vapor not mixed, liquid
flow opposite) as well.

Notation: [after Holm (1)]

E = Murphree point efficiency

E.. = Murphree plate efficiency

g = point value of vapor flow rate

G = vapor flow rate averaged over
entire tray

w = distance along tray, as a frac-
tion of the total

y = vapor phase composition

y = mass average vapor phase
composition

by = mG/L (ratio of equilibrium

and operating slopes)
é{w), ¢’ (w) = functions of w as de-
fined by our Equation (3)
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