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Optimum Plate-Spacing for the Best Performance of
the Enrichment of Heavy Water in Flat-Plate Thermal-
Diffusion Columns of the Frazier Scheme

HO-MING YEH

DEPARTMENT OF CHEMICAL ENGINEERING
TAMKANG UNIVERSITY

TAMSUI, TAIWAN, REPUBLIC OF CHINA

ABSTRACT

The effect of plate spacing on the degree of separation and production rate for
the enrichment of heavy water in flat-plate thermal diffusion columns of the Frazier
scheme with fixed operating expense has been investigated. The equations for
estimating optimum plate-spacing for maximum separation and for maximum pro-
duction rate have been developed. Considerable improvement in performance is
obtainable when thermal diffusion columns with optimum plate-spacing are em-
ployed for operation.

INTRODUCTION

Heavy water (D,0) is the mosst feasible moderator and coolant for
fission reactors to furnish excess neutrons which may be absorbed in
materials other than uranium, and may be the indirect nuclear fuel for
fusion reactors. Between 1940 and 1945, four heavy-water production
plants were placed in operation by the US Government under the Manhat-
tan District Program (1, 6).

Thermal diffusion is a well-established methos for separating isotopes,
especially for isotope mixtures with a large ratio in molecular weight.
During 1938 and 1939, Clusius and Dickel pointed out that heavy water
can be concentrated successfully in thermal diffusion columns (2, 3). The
enrichment of heavy water in thermal diffusion columns was studied both
theoretically and experimentally by the present author (9-12). More re-
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cently, it was also found that considerable improvement in separation of
the H,O-HDO-D,0 system could be achieved in a vapor-phase thermal
diffusion column (13).

In industrial applications, thermal diffusion columns are connected in
series, such as that shown in Fig. 1, called the Frazier scheme (4). The
separation theory for the enrichment of heavy water in inclined thermal
diffusion columns of the Frazier scheme has been developed recently in
previous papers (15, 16). The equations for the best angle of inclination
and maximum separation have been derived. Considerable improvement
in separation is obtainable if the columns are inclined at the best angle,

Convective
Flows

Covactive
Flows

Cold Walli

FIG. 1 Schematic diagram of the Frazier scheme for forward transverse flow.
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so that the convective strength can be properly reduced and controlled,
resulting in suppression of the undesirable remixing effect while still pre-
serving the desirable cascading effect.

Although a number of studies of operating variables in thermal diffusion
columns have been made, plate spacing, which has an important effect
and apparently affects separation efficiency, is hardly ever discussed. Re-
cently, the optimum plate-spacing for the best performance in conven-
tional Clusius-Dickel columns has been investigated (14). It is the purpose
of this work to investigate the effect of plate spacing on the degree of
separation and production rate for the enrichment of heavy water in ther-
mal diffusion columns of the Frazier scheme under consideration of a
fixed operating expense.

SEPARATION EQUATIONS

The scheme proposed by Frazier to connect several vertical thermodif-
fusion columns of the same size with forward transverse sampling streams
is shown in Fig. 1. The delivery of supply ¢ with concentration Cy is
accomplished at the upper and lower ends in a plane thermodiffusion
column with gap 2w, length L, and width B, where both streams move in
the same direction. Sampling of the product is carried out at the ends
opposite to the supply entrance. Frazier (4) gave a theory of this process
on the basis of a simplified representation, while an analytical solution
was given by Rabinovich and Suvorov (7, 8).

The temperature gradient applied between the surfaces of a thermograv-
itational thermal diffusion column has two effects: 1) a flux of one compo-
nent of the solution relative to the other is brought about by thermal
diffusion, and 2) natural convective currents are produced parallel to the
plates owing to density differences. The combined result of these effects
is to produce a concentration difference between the two ends of the
column. Meanwhile, the concentration gradient produced by the com-
bined effects of thermal diffusion and convection acts to oppose thermal
diffusion and to limit the separation. Figure 2 illustrates the flows and
fluxes prevailing in the ith thermal diffusion column of the Frazier scheme.
The separation theory of thermal diffusion was first presented by Furry
et al. (5). They derived the transport equation for the component which
is concentrated toward the top of a thermogravitational thermal diffusion
column (say the ith column) as

dc;
Ti=HC(1—C)—K—E>0 (1)
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FIG.2 Flows and fluxes previling in the ith thermal diffusion column of the Frazier scheme.

where
_ apBgw)’BATY
H = 3 2
_ pB**Qw)’B(AT)
k= 91Dp? 3)

In obtaining the above equations, since the degree of separation ob-
tained in a thermal diffusion column is generally small, the product of the
concentration terms, C(1 — C), was treated as a constant, say, Co(l —
Cy). For the enrichment of heavy water by thermal diffusion in the
H,0-HDO-D,O system coupled with the chemical equilibrium H,O +
D,0— 2HDO, D,0 is concentrated toward the bottom rather than toward
the top of the column, i.e., a < 0 (or H < 0). Further, Yeh and Yang (9)
assumed that the concentrations were locally in equilibrium at every point
in thermal diffusion columns, and thus the transport equation for heavy
water was obtained as

dc;

w=HA - K5 <0 “

where
A = Col0.05263 — (0.05263 — 0.0135Keq)Co
— 0.027{CoKoq(1 = (1 = 0.25Keq)Co)}'2] )
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in which K., is the mass fractional equilibrium constant of the
H,O-HDO-D,0 system.

By making material balances for the top and the bottom of the column,
one obtains, respectively,

dC;

-1 = —HA + Kd_ = o(Cri-1 — Cr) (6)
Zl,_.

-1, = —HA + K@ = o(Cs,; — Cp.i-1) )
dz =0

Further, if a material balance is taken for the whole column, the result is

CT,i—l - CT,i = CB.i - CB,i—l (8)
Combination of Eqs. (6)—(8) results in
dac; dcC;
= =7 ©)
dZ z=L dZ z=0

Thus, we may assume that
dC;/dz = constant (10)

within the whole column. By integrating Eqs. (6) and (7) from the top to
the bottom of the column, the following two equations are obtained:

HL

Cri = Cpi = [A - 5 (Cri1 - cT.i)] = (ay
HL

Cri = Cni = [A - 7 (Ca.i - CB,i_l)] < (12)

Addition of Egs. (11) and (12) gives the equation for calculating the
degree of separation obtainable in the ith column as

-1 -1 -1
o R Rt TR

A = CB.i - CT.i (14)

Equation (13) is the first-order difference equation of A; whose solution,
subject to the inlet and outlet conditions:

where

i
i

(]

0’ CT,O = CB,O = CO } (15)

N, CB,i = CB,Ns CT,i = CT,N
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AN = CB,N - CT,N

_A(-H)L 2K\ (16)
@)

in which Ay denotes the degree of separation obtainable in a Frazier
scheme with N thermal-diffusion columns.

In obtaining the above solution, assumptions were made that all the
perimeters of the columns were the same in magnitude and that the rates
of the sampling streams were all the same as o.

THE EFFECT OF PLATE SPACING ON PERFORMANCE

The plate spacing (2w) in a thermal diffusion column is generally so
small that changing 2w will not cause any additional fixed charge. The
expenditure of making a separation by thermal diffusion essentially in-
cludes two parts: a fixed charge and an operating expense. The fixed
charge is roughly proportional to the equipment cost, while the operating
expense is chiefly heat. The transfer rate is obtainable from the expres-
sion, KBL(A T2w). Based on these terms, we shall account of the influence
of plate-spacing change on the degree of separation and production rate
with consideration of the fixed operating expense.

Accordingly, with consideration of the fixed operating expense (A T2w
= constant), Eqs. (2) and (3) may be rewritten as

_ apBgB(ATR2w)?

_ 5 _
Sin T = H/2w)* = constant a7
pB2g?B(A T)2w)?
b = R K/~(2u))9 = constant (18)

and Eq. (16) becomes

Ay = [(“‘;LA) /(2(,,)4} {1 = [1 + QbloL)2w)’1™™  (19)

Maximum Separation

The optimum plate spacing (2w)X for maximum separation An max 1S
obtained by partially differentiating Eq. (19) with respect to 2w and setting
0AN/0Q2w) = 0. After differentiation and simplification, one obtains
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4WR*1 — ON + )WL + IN =0 20)
where
Wa = 1 + (2b/lcL)Qw)¥° 21)

Therefore, the optimum plate spacing for maximum separation can be
calculated from

Qw)t = [(cL2bYWs — DI'? (22)

and the expression for maximum separation is obtained by substituting
Eq. (21) or (22) into Eq. (19):

. —4/9
s = (52 (S wa - 0] T a-wan @

Note that the value of Wa in the above equations is determined from Eq.
(20) once the number of columns N employed is decided.

Maximum Production Rate

To find the maximum production rate o,ax Obtainable to accomplish a
specified degree of separation Ay, column number N, and column length
L, we rearrange Eq. (19) into a form explicit in the production rate

- = (2b/L)Q2w)’ 24)

b — /N
[1 - (m) AN(Zw)“} ~1

Maximization of o with respect to 2w at constant Ay and L yields

4 4
(N+1)/N _ i x
IW§ (9 + N) Wo + N 0 (2%5)
where
We =1~ ——é— AnQw)E4 (26)
AL —aLA N o

Therefore, the optimum plate spacing for the maximum production rate
can be calculated from

—alA 1/4
Qo) = [( PA )(1 - Wu)} @

and the expression for the maximum separation is obtained by substituting
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Eq. (26) or (27) into Eq. (24):
_ 2b/L)(—aLA/BANX1 — W)

O max W 1/N
o

(28)

Note again that the value of W, in the above equations is determined from
Eq. (25) once the number of columns N employed is decided.

Numerical Example

For the purpose of illustration, let us employ some numerical values
obtained in previous work (9) for the enrichment of D,O in the
H,O0-HDO-D,0 system as follows: AT = 47 — 14 = 33°C; Ty, = 30.5°C;
Keq = 3.793; 20 = 0.016 in. = 0.0406 cm; AT 20 = 812.8°C/cm (fixed
operating expense); L = 177 cm; B = 10 cm; H = —1.473 X 1074 g/s
= —0.53 gfs; K = 1.549 x 1073 g-cm/s = 5.576 g-cnv/h.

Accordingly, from Egs. (5), (17), and (18):

A X 10* = 0.359 (Co = 0.1), 0.709 (C, = 0.3), 0.761 (Cy = 0.5),

It

(29)
0.591 (Co = 0.7), 0.237 (Co = 0.9)
0.53
~a = a5 = 48 % 10° g/h)em)’ (30)
_ 2376 13
b = Goa0ep = |86 X 107 gllh)em)™ 31)

From these values the maximum separation Ax_ max, the maximum produc-
tion rate omax, and their best corresponding plate spacing, 2w)X% and
(2w)%, are calculated from the appropriate equations. Further, the differ-
ences of plate temperature, (AT), and (AT),, which are needed to main-
tain a fixed operating expense, can be estimated, respectively, by

(AT)a = 812.8Qw)%, °C (32)
(A7) = 812.8Q2w)%, °C (33)

The results for maximum separation are shown in Tables 1a, 1b, and Ic,
while those for maximum production rate are given in Table 2a, 2b, and
2c.

I

I

DISCUSSION AND CONCLUSIONS

Comparison of separations An . and Ay, obtainable at the best plate-
spacing (2w)f and at 200 = 0.0406 cm, respectively, under various flow
rates o and feed concentrations Cy with fixed operating expense (A T2
= 812.8°C/cm), are shown in Tables la, 1b, and 1c for N = 10, 20, and
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TABLE 1a
Comparison of Separations, An,max and An, Obtained at the Optimum Plate-Spacing (2w)% and at
20 = 4.06 X 1072 cm, Respectively, with N = 10 (W, = 1.1435582)7

Cp = 0.1 Cp =03 Cy = 0.5 ) = 0.7 Cy =09
o Quit x 108 (AT) AN AN.max AN AN.max AN AN.max AN AN, max AN AN max
(g/h) (cm) (§o] (%) (%) (%} (%) (%) (%) (%) (%) (%%) (%)
0.1 345 28.0 5.99 8.60 11.83 16.99 12.70 18.23 9.86 14.16 398 5.68
0.2 372 30.2 5.64 6.32 11.15 12.48 11.97 13.40 9.29 10.41 3.73 4.17
0.4 4.02 327 4.63 4.64 9.16 9.17 9.83 9.85 7.63 7.65 3.06 345
0.438) {4.06) {33.00 {4.46) {4.46) {8.81) (8.81) (9.46) (9.46) (7.34) (7.34) (2.95) 2.95
0.8 4.34 35.3 3.21 3.41 6.33 6.74 6.80 7.24 5.28 5.62 2.12 2.25
1.6 4.69 38.1 1.93 2.51 3.82 4.95 4.10 5.32 3.18 4.13 1.28 1.66
32 5.06 41.1 1.07 1.84 2.1 364 2.27 391 176 3.03 0.71 .22
6.4 5.47 44.5 0.56 1.35 1.1 2.78 1.09 2.87 0.89 2.23 0.37 0.89
12.8 5.91 48.0 0.29 0.95 0.57 1.97 0.61 2.1 0.48 1.64 0.19 0.66
4 Wy was calculated from Eq. (20).
TABLE Ib

Comparison of Separations, An max and An, Obtained at the Optimum Plate-Spacing (2w)% and at
2w = 4.06 x 1072 cm, Respectively, with N = 20 (W, = 1.0721517)7

Cy = 0.1 Ch =03 o = 0.5 o = 0.7 Co =09
o Quw)} x 102 (AT)A AN AN.max AN AN, max AN AN max AN AN.max AN AN max
(g/h) (cm) 0 (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.1 3.19 259 6.03 11.89 11.92 23.47 12.79 25.19 9.94 19.57 3.98 7.85
0.2 3.45 28.0 6.01 8.73 11.87 17.25 12.74 18.51 $.89 14.38 3.97 577
0.4 3.72 30.2 57 6.42 11.28 12.68 2.1 13.61 9.40 10.57 3.77 4.24
0.8 4.02 327 4.7 4.72 9.30 9.32 9.94 10.00 7.75 7.76 3 3
(0.875) (4.06) (33.0)  4.53) (4.53) (8.95) (8.95) (9.60) (9.60)  (7.46) (7.46) (2.99) (2.99)
1.6 4.34 353 3.25 3.47 6.41 6.85 6.88 7.35 5.35 5.71 2.14 2,29
3.2 4.69 38.1 1.95 2.55 3.85 5.03 4.13 5.40 3.21 4.19 1.29 1.68
6.4 5.06 41.1 1.07 1.87 2.12 3.70 2.28 3.97 1.77 3.08 0.71 1.24
12.8 5.47 4.5 0.56 1.38 1.11 2.72 1.32 2.92 0.93 2.26 0.37 0.91
2 wj was calculated from Eq. (20).
TABLE Ic

Comparison of Separations, An max and An, obtained at the Optimum Plate-Spacing 2w)f and at
20 = 4.06 x 1072 cm, Respectively, with N = 40 (W, = 1.0361618)¢

C = 0.1 C =03 C =105 C =07 C =409
o 2ok x 100 (AT AN ANmmx AN ANmsx AN ANmax AN ANmx AN ANamax
(@/h) (cm) °C) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.1 2,96 24.1 6.04 16.30 11.92 32.20 12.79 34.56 9.94 26.84 3.98 10.76
0.2 3.19 25.9 6.04 11.98 11.92 23.66 12.79 25.40 9.94 19.72 3.98 791
0.4 3.45 28.0 6.02 8.80 11.89 17.39 12.76 18.66 991 14.49 3.97 5.81
0.8 3.72 30.2 5.74 6.47 11.34 12.78 12.18 13.71 9.46 10.65 3.79 4,27
1.6 4,02 327 4.75 4.75 9.38 9.39 10.06 10.08 7.82 7.83 3.13 3.14
(1.74) (4.06) (33.0 {4.58) {4.58) {9.05) (9.05) 9.7 9.7 (7.54) (7.54) (3.02) (3.02)
32 4.34 35.3 3.27 3.49 6.45 6.90 6.93 7.41 5.38 5.75 2.16 2.31
6.4 4.69 38.1 1.96 2.57 3.86 5.07 4.15 5.44 3.22 4.23 1.29 1.69
12.8 5.07 41.2 1.08 1.89 2.13 3.73 2.28 4.00 1.77 3.11 0.71 1.25

2 Wy was calculated from Eq. (20).
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40, respectively. It is seen from these tables that the best plate-spacing for
maximum separation increases as the flow rate increases. The temperature
differences which should be maintained to keep the operating expense
fixed corresponding to (2w)X are also delineated in these tables. The im-
provement in separation is really obtained, especially for 2w)X, far from
0.0406 cm, which is the plate spacing employed in Yeh and Yang’s work
(9). When N = 10and o = 0.438 g/h, 2w)t = 2w = 0.0406 cm and An, max
= An (see Table la). Therefore, Yeh and Yang’s experimental system
operating with this column number and at this flow rate is exactly the
case where the plate spacing is optimum and the separation is maximum.
Similarly, when N = 20 and o = 0.875 g/h, Qwj% = 20 = 0.0406 cm and
An.max = An (see Table 1b); also when N = 40 and ¢ = 1.74 g/h,
2w}t = 2w = 0.0406 cm and An.max = AN (see Table 1¢). It is also noted
from these tables that increasing column number N of a Frazier scheme,
in addition to increasing the degrees of separations Ay and An max, as well
as decreasing the optimum plate-spacing (2w)X and its corresponding tem-
perature difference (A T)a, also increases the improvement in separation.
For examples: when N = 10, ¢ = 0.1 gth and Cp = 0.5, Ay = 12.70%
and An.max = 18.23%, thus, (AN max — An)/An = 43.5%; while as N =
40,0 = 0.1 ghand Cy = 0.5, An = 12.79% and AN max = 34.56%, thus,
(AN,max - AN)/AN = 170%

Comparison of production rates omax and o, obtainable at the best plate-
spacing (2w)} and at 2w = 0.0406 cm, respectively, under various feed
concentrations and degrees of separation with A72w = 812.8°C/cm, are
given in Tables 2a, 2b, and 2¢ for N = 10, 20, and 40, respectively. It is
shown in these tables that the best plate-spacing (2w)¥ for maximum pro-
duction rate increases when the specified degree of separation decreases.
The temperature differences which should be maintained to keep the oper-

TABLE 2a

Comparison of Production Rates omax and o, Obtained at 2w)? and at 20 = 4.06 x 1077 cm,

Respectively, with N = 10 (W, = 0.26145)"

AN (%)

(29‘))5 X (AT

AN/A Cy = 0.1 = 0.3 Cp = 0.5 o = 0.7 ) = 0.9 o (g/h) 10~ (cm) omax (g/h) °C)
i 0.36 0.71 0.76 .59 0.24 10.24 7.62 126.97 6l.9
2 0.72 1.42 1.52 i.18 0.47 494 6.41 26.69 521
4 1.44 2.84 3.04 2.36 0.95 229 539 5.61 45.6
8 2.87 5.67 6.09 4.73 1.90 0.94 4.53 1.18 36.8
(12.42) (4.46) (8.81) (9.46) (7.34) (2.95) (0.438) (4.06) (0.438) (33.00
16 5.74 11.34 12.18 9.46 3719 0.18 3.81 0.248 3o

¢ Wy was calculated from Eq. (25),
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TABLE 2b

Comparison of Production Rates omax and o, Obtained at 2w)# and at 2w = 4.06 X 1072 c¢m,

Respectively, with N = 20 (W, = 0.24825)°

AN (%)

Qw)F x (AT)g

AN/A Cp = 0.1 Ch = 03 Cp =05 o = 0.7 Cy) = 0.9 o (g/h) 10?2 (cm) omax (g'h) °C)
i 0.36 0.71 0.76 0.59 0.24 20.51 7.66 262.92 62.3

2 0.72 1.42 1.52 1.18 0.47 9.92 6.44 55.27 523

4 1.44 2.84 3.04 2.36 0.95 4.61 5.41 11.62 4.0

8 2.87 5.67 6.09 4.73 1.90 1.92 4.55 2.44 37.0
(12.63} (4.53) (8.95) 9.60} (7.46) 2.99 {0.875) (4.06} {0.875) (33.0
16 5.74 11.34 12.18 9.46 379 0.39 3.83 0.51 310

4 Wq was calculated from Eq. (25).

ating expense fixed corresponding to 2w)¥ are also delineated in these
tables. The improvement in production rate is really obtained, especiaily
for 2w)¥ far from 0.0406 cm. When N = 10 and An/A = 12.42 (Table
2a), or when N = 20 and An/A = 12.63 (Table 2b), or when N = 40 and
An/A = 12.76 (Table 2¢), Qw)¥ = 20w = 0.0406 cm and 0. = o (0.438
g/h for N = 10; 0.875 g/h for N = 20; 1.74 g/h for N = 40). Thus, Yeh
and Yang’s experimental system operating at these specified feed concen-
trations and degrees of separations is exactly the case in which the plate
spacing is optimum and the product rate is maximum. It is also noted
from Tables 2a, 2b, and 2c¢ that increasing the column number N of a
Frazier scheme greatly increases the production rates omax and o but only
barely increases the improvement in production rate. For example: When
N = 10and AN/A = 1, 0 = 10.24 g/h and omax = 126.97 g/h, thus, (Gmax
— o)/o = 11.4; while as N = 40 and An/A = 1, ¢ = 41.06 g/h and opax

TABLE 2¢

Comparison of Production Rates amax and o, Obtained at (2w)# and at 2w = 4.06 X 1072 cm,

Respectively, with N = 40 (W, = 0.24150)

AN (%)

Qa)f x omax (AT

AN/A Co = 0.1 =03 )= 0.5 co =07 ) =09 o (gh) 10? (cm) (g/h) (°C)
1 0.36 0.71 0.76 0.59 0.24 41.06 7.67 535.25 62.3

2 0.72 1.42 1.52 1.18 0.47 19.86 6.45 112.52 524

4 1.44 2.84 3.04 2.36 0.95 9.24 5.42 23.65 44.1

8 2.87 5.67 6.09 4.73 1.90 3.87 4.56 497 37.1
(12.76) (4.58) (9.05) (9.71) (7.54) (3.02) (1.74) (4.06) (1.74) (33.0)
16 5.74 11.34 12.18 9.46 3.79 0.80 3.84 1.05 312

4 Wy was calculated from Eq. (25).
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= 535.25 g/h, thus, (0max — o)/o = 12.04. Further, the column number
minimally affects the optimum plate-spacing 2w)¥ for maximum produc-
tion rate, as well as its corresponding temperature difference (A T),.

It was mentioned before that 2w)% increases as the flow rate increases
or the column number decreases, and that Qw)* increases when An/A
decreases, although plate spacing in a thermal diffusion column is gener-
ally so small that changing 2w)s or (2w), will not cause any additional
fixed charge. However, incréasing (2w)X or (2w)¥ will lead to an increase
of (AT), or (AT), in order to maintain the operating cost, i.e., AT 2w
constant, therefore some additional cost may be needed to maintain the
higher AT. Moreover, since the boiling and freezing points of water are
100 and 0°C, respectively, the temperature at the hot plate must be kept
lower than 100°C while that at the cold plate should be maintained higher
than 0°C, and accordingly, both (AT)a and (AT), are less than 100°C in
practical applications.

SYMBOLS

A a constant defined by Eq. (5) with C, and K., as parameters
a a constant defined by Eq. (17) (g/h-cm®)

B column width (cm)

b a constant defined by Eq. (18) (g/h-cm!?)

C fractional mass concentration of heavy water (D,O)

C; C in the ith column of a Frazier scheme

Co C in the feed streams

Cg,: C in the bottom-product stream from the ith column

Cr.; C in the top-product stream from the ith column
ordinary diffusion coefficient (cm?/s)

g gravitational acceleration (cm/s?)

H transport coefficient defined by Eq. (2) (g/s)

Jxop mass flux of D,O in x-direction due to ordinary diffusion (g/cm?-s)
Jxrp  mass flux of D,O in x-direction due to thermal diffusion (g/cm?-s)
J.op  mass flux of D, O in z-direction due to ordinary diffusion (g/cm?:s)

K transport coefficient defined by Eq. (3) (g:cm/s)

Keq mass-fractional equilibrium constant of H,O-HDO-D,0 system
L column length (cm)

N column number of a Frazier scheme

Tm mean absolute temperature (K)

AT difference in temperature of hot and cold plates (K)
(AT)» AT for maximum separation (K)

(AT), AT for maximum production rate (K)

Wa value determined from Eq. (21)
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value determined from Eq. (26)
axis of transport direction (cm)

ek Letters

thermal diffusion constant
—(3p/oT) evaluated at T,, under constant pressure (g/cm?-K)
Cgi — Cr;

AN max maximum value of An

absolute-viscosity (g/cm-s)
mass density evaluated at T, (g/cm?)
mass flow rate (g/s)

Omax maximum value of o (g/s)

10.

11.

12.

i3.

plate spacing, distance between hot and cold plates (cm)
X  optimum (2w) for maximum separation (cm)
&  optimum (2w) for maximum production rate (cm)
transport of D,O along z-direction in the ith column (g/s)
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