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Equations are derived to determine the gas, air, and packing temper-
atures for any gas and air periods of regenerator operation, making
possible regenerator design and complete analysis of apparatus opera~
tion,

Determination of packing and gas (air) temperatures
for the beginning of apparatus operation was treated in
[1]. The purpose of this paper is to determine the
temperature field of the packing and gases (air) for
apparatus operating in the steady-state regime.

Let us determine the packing temperature during
the first air period following the first gas period ex-
amined in [1]. In analogy with (6) and (7) from [1] for
any air period we can obtain the following equations:
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Let us introduce the notation
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The notations have been taken from [1].

With consideration of (3) from (1) and (2) we obtain
the differential equation for the packing temperature
during the air period
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Let us formulate the boundary conditions for (4).
In analogy with (10) and (11) from [1], according to
[2], we have

30, 8)=14 (3 —1) exp (—8)=
= £+ Af} exp (— &)

or with consideration of (3) we obtain

Afiexp (—8)

a
= 5
810, =57 (5)
The initial condition
#2(a, 0) = 38(, &%) (6)

or from (3) and (8) according to [1] with consideration
of (6) we obtain
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Here we assume t? = ¢ (the packing temperature prior
fo onset of regenerator operation is equal to the tem-
perature of the ambient air).

Let us apply the Laplace transform of the variable
Ato (4):
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Using the boundary condition (5), after some modifica-
tions, from (8) we obtain the following differential
equation:
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whose solution is
6%(s, §)=C(9) exp (- o ) (9)

We determine C(s) from (9) and the initial condition
(7). In the transform region condition (7) assumes the
form

i, 0) =

! 1 s 8
=1 —08), 88)= -~ — &gl (10)
S(h, O8) = : . exp( T7s lfv)

Substituting (10) into (9) for 6 = 0, we obtain
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Equation (9) then assumes the form
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According to (28) from [1], the original of (12) is
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After a number of modifications we finally obtain an
expression for the packing temperature during the
first air period
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The equation to determine the air temperature during
this period is derived, with consideration of (3), by
substituting (13) into (2): :
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T?(;w 8) = f(gif‘)_‘“ﬁ,‘.
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Let us consider the following period of regenerator
operation which sets in on transition of the packing
from the first air period to the following gas period,
and it is this period to which we will refer as the sec-
ond gas period. Consequently, the initial temperature
distribution for the packing in this period is expressed
by (13) when § = G?fv in accordance with (1) from [1].

The boundary condition for this case is
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Since the equation describing the process of pack-
ing heating during the period in question is ofthe same
form as (9) from [1], in analogy with the previous cal-
culations we can derive the following equation for the
determination of the packing temperature in the se-
cond gas period:

85 (A, 5) = exp (—8) — exp (— 8 — i) +

+exp (—8 — 83— 8F) + [exp (— A — 8)]x

x Ekil{s* — (8 + i)t exp (— &%) +

b=t

239

+(5+ 8+ Si exp (— ity — Br)l

x( exp 2»-—2 :: ) (17)

n=Q

and for the gas temperature in this period:
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Proceeding as in the previous cases, we succes-
sively derive an equation to determine the packing
temperature in the second air period
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and the equation to determine the air temperature in
the second air period
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In complete analogy it is possible to derive an equa-
tion for the temperature of the packing and the gases
in the subsequent gas and air period. However, from
the derived (27) and (29) from [1}, as well as from
(13). (14}, and (17)—(20) we can see the quantitative
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relationship governing the form of the functions to de-

termine the temperatures of the packing and gases in
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Fig. 1. Distribution of dimensionless packing temper-

ature ® and heat-transfer agent T (gases and air) in

gas and air periods since the beginning of operation

to steady-stateprocess (A = 1.2, 6 = 0-1.4, ¢, = 1.4):

I-IV) period numbers IVy and IV, show the steady-
state process); 1) packing; 2) gas; 3) air.

any of the subsequent periods. Thus, proceeding from
(27) from {1] and from (17), for any gas period the
equation for the determination of the passing temper-
ature assumes the form

85 = exp(—8) —exp (— 8 — 8a_i) +
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(the subscript "fv" has been dropped here and beyond
in all cases of dual subscripts) and the equation for
the packing temperature in any air period, according
to (13) and (19) assumes the form
82 = exp (—8) — exp(— 8 — 88) +
exp(—6 — 68 — 85_1) —
—exp(—8—088 —85 —85 ) +... +
4 exp(—8—88 —85  —88  —...— 8F—8)+
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For the gas temperatures in any gas period in accord-
ance with (29) from [1] and (18) we obtain the following
expression:

Th = lexp(—A—8) ),

k=1

1
(k— 1)

X

X [84=1 — (8 + 8211 exp (— Bpr) +
(8485 05 P exp(—8a — 85 ) —
— (8 + 851 + 851+ B x
X exp (— 851 — 88, —62 4.+

(6482 + 08 485 o4... 8P+ SPIX

X exp(— 85 —88_ — 8L —... —8— 6%)] X
k—1
¥ A"
X|expA— ¥ (23)
[eor— X7 ]

and the equation for the air temperature in any air
period according to (14) and (20) is given by
T = [exp (—A —8)]
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In (21) and (24) the subscript m =1, 2, 3, ... de-
notes the number of the corresponding period (after
the first gas period we have the first air period, fol-
lowed by the second gas period, etc.). If we assume
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that the heat-transfer coefficient for any gas and air
periods, calculated with respect to average parame~-
ters, are equal to each other, and if we assume that

the gas and air periods are identical in terms of dura-

tion, and if we neglect the fact that the temperature
alters the heat capacity of the packing, it becomes
possible to assume
=08 =68 ,= . . = 62—=6% =085 ,=8, (25)
With condition (25) for the instantaneous temper-
ature of the packing in any gas period with the excep-
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The instantaneous temperatures of the packing and
the gases in the first gas period can be calculated,
respectively, from (27) and (29) in [9]. ®,, and T,
are, respectively, determined from (3) and (15).

It should be noted that the series in (26) and (27)
are absolutely converging.

The steady state sets in after a number of heating
and cooling periods, theoretically repeating an infi-
nite number of times. As we can see from (26) and
(27), this state sets in at exp (=pbyy, y— 0. Conse-
quently, assuming accuracy of calculation, we can
determine the number of heating and cooling periods

subsequent to which the steady-state regime has, for
all intents and purposes, set in. Thus we have N/, =
= 2m-r, hence m = 1/2(r + N/6s,), where N is de-
termined on the basis of the selected level of accuracy.
Knowing the temperature of the gases and air at the
regenerator outlet is of great practical importance.
These temperatures may be calculated by averaging
the corresponding local temperatures determined from

tion of the first and in any air period instead of (21)
and (22) we obtain the following equation:
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while for the instantaneous temperature of the gases
in any gas pericd with the exception of the first and
for the instantanecus air temperature in any air pe-
riods, instead of (23) and (24) we obtain
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Fig. 2, Change in packing temperature ¢ and in the
temperature t for the gases and air in the gas and
air periods from the beginning of apparatus opera-
tion to the steady-state process. Notations are

given in Fig. 1.
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The integrals in (28) can be calculated in each spe-
cific case for a selected value of N.

The resulting equations make it possible completely
to analyze regenerator operation, to determine the
temperature of the gases and the heated air at the out-
let from the regenerator, and they can also serve to
determine the heat-transfer coefficients in the filter-
ing of the gases through the dense packing layer for
the case under consideration here.

NOTATION

Here t and 4 are the instantaneous temperatures of
the heat-transfer agent and the packing, respectively.
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Subscripts: a, air; g, gas; fv, finite value; 1, initial
temperature or number of the first period.
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