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Introduction

In Part I the drying of wet granular materials — an often occurring task
in industry — was dealt with [1]. The drying mechanism of such maeroporous
beds has been described. In the case of drying macroporous beds, the evaporat-
ing ‘““plane’ penetrates into the bed, thus forming a bouble layer (i.e. two
layers, one of which is already dried up, while the other one is wet). In the
course of the drying process the thickness of the layers changes. An approxi-
mate analytical correlation has been developed for the determination of drying
time. '

In Peart II an accurate, numerical, computer-aided calculation method
of the problem and the equation systems required for computation have been
summarized.

1. Definition of the difference formulas

Throughout the difference formulas, subscript ¢ will be applied to denote
changes with respect to main grid distribution. Main grid points 7 and (i 4 1)
are at a distance nAZ.

In our caleulations of the examined time level, symbol * will denote the
new value, obtained at a subsequent instant of time 4z, ; e.g.:

t; == the value at i, at the examined instant of time;

’

t; = the new value at i, at a subsequent time 47;.

1. Difference formulas of even division with respect to location

a) The derivative with respect to time at i:

o _t—t 1.1)
ot Az
b) The first derivative with respect to location at i:
Ottt 1. 2)

0z nAdZ
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¢) The second derivative with respect to location at i:

0%t Py tl'+1 —2 ti—ll-ti—l (I. 3)
P (nAZ)y

d) Definition of the first derivatives with respect to location considering

boundary surfaces.

teecl)y,

fT)
alo* ' ‘ '
(=0 7 2 3
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¥

Fig. 1. Approximation of temperature distribution,
with respect to location

In the case of boundary surfaces it is indispensable to know the tempera-
ture values at grid points both before and after the boundary surface. Assum-
ing that the temperature gradient vs., time is a quadratic curve; on the basis

of Fig. 1.

t= az® + bz L+ ¢
Thus, at z=0:
ty = ¢,
furthermore »
oty
03 !0+
ie.
t; = a(ndZy? + b (ndZ) + ¢
and
ty = ad(ndZy + b2(ndZ) +
respectively.
Hereof
——3t0 -+ 4:t1 — I (1'4)
2(ndZ)

On the basis of Eq. (I. 4) and considering a grid evenly divided for the
examined case, the derivatives with respect to the boundary surface will be

the following:
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«) for the drying surface, at s = 0,1 = 0:

o | —3ty + 41 —t;
9z o= 2Andz)

B) for the median (symmetry) plane of the drying plate, at z =L,
i =kn:

(1. 5)

i o ’ ) ’
ot ~ 3ty — gy + s
Oz {1 2(ndZ)

(1. 6)

2. Difference formulas of uneven division with respect to location

At the instant of time 7 = 0, the drying front corresponds to the sur-
face (i = 0, z = 0) and will later on take over the points of the auxiliary grid;
the difference formulas vary, depending on the position of the front.

P47
nAZu E -
t i —— ! i
T | T
&j=constt) ‘ | tr’%{i i
;;0 17 / JND@/’W font
J= n J 2n

e

Fig. 2. Penetrating front, between first and second main grid point

z) If the front lies between the surface and the first main grid point
i.e. for the case 0<C j <C n. linear approximation has to be applied, namely

At N (L. 7)

B) If the front lies between the first and the second main grid point and

n < j < 2n, Fig. 2 shows that a closer approximation of second degree may

be applied for the determination of the derivative with respect to the

boundary surface, since the 3 known points required: namely £, t; and ¢} are
provided here. Then, for the case z =

ty = €,
and furthermore

L,

,i._

t; = a(ndZ)? + b(ndZ)
and :

t) = a(jAZ) + b(jAZ) + ¢,
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respectively; whereof:
p— —P—r £ — vy
(j-m)njiz

Hence, the derivative with respect to the boundary surface as location may be
written as:
o] Ut
o =z
|

55 jo+ (j—n)ynjAaz

(1. 8)

For the case j = 2n, the correlation (1. 8) passes over to Eq. (1. 5), the front
being at the main grid point, and the formula for even division has to be ap-
plied.

y) For the case j > 2n, the derivative with respect to the boundary sur-
face may be computed by means of even division from known values at the
locations j = 0, » and 2n.

8) For the case (k—2) n <{ j < (k—1) n. the difference formula can be
determined according to Fig. 3

J (2n-y)
ndZ

1

1

T=const| {/g teet .JK:}I/(
| a
B

!

l

=k
J'.:[ -Z)n fk~1}n
Drytng front

Fig. 3. Penetrating front, in the position precedent
to the median (symmetry) plane

Introducing the following term according to Fig. 3
jo =i (k=2
considerations similar to the foregoing lead to: (also on the basis of Fig. 3)

R I (L 0 el A L el 0 B
0z |1~ n(2n — j¥)(j* — n)dZ

(1.9)

If j=(k—2)n, then t; = t,_,)., = t;,_, and the main grid point j*=
and the correlation (1.9) turns into Eq. (1.6).

¢) Determination of the first derivatives with respect to location, for the
case of the penetrating front:
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(j—-i+n)4Z {i=j+2n)AZ
(=147 [Tz 27
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\Drymg front

c‘m“

Fig. 4. Moving (penetrating) front, in a general position

The penetrating front in general position is illustrated in Fig. 4.
If
n <7 j < 2n, theni=n
2n < j < 3n, then i = 2n
and

E—2n<j< (k— 1)n, then i = (k — 2) n.
J

Accepting the approximation of second degree:

Bt G Pty G PR = DEely g
os - nj—i+m) G104z

and
B —nf2i =) nl e (420 =)Wy~ (ha =P,
Bz les n{i-—n — j) (i-+2n — j) 42

If j = 2n, 3n,...(k—2)n, namely if the front is situated at internal main
grid points, then the derivatives may be computed by means of even division
formulas.

{) Approximation of second derivatives with respect to location:
A general position is shown in Fig. 5, resulting for region I in the following
correlation:

CARPY A S/ Sl U Al U3/ (L12)
852 n(].._l——l,)(n—:-j—'l—lr)dzz

Dried region I Wet region II
BRSO

!

[
1

i

[;'—7—17412 / “Drying front

&
T

Fig. 5. Grid for approximation of second derivatives, with respect to location

2‘
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Notes:
1.For the case 0 < j < n, no internal point exists in region I, hence
correlation (I. 12) cannot be applied;
2. for the case j == n -+ 1,1 = n (even division) the front meets the main
grid point, and similarly, at time levels
j=2n+13n4+1, ...(k—1n 4 1;
3. for the case n + 2< j < 2n, i = n, according to Eq. (I. 12), and for
2n 4+ 2 <j<3n, i = 2n, according
to Eq. (I. 12) and furthermore for
k—Dn+2<j<kn i=((k—1n

Eq. (I. 12) can be applied too.

Wet region Il iym

A I
7
o, ¥
OJ A
o~
=1
4‘%‘-7 t tiet

Fig. 6. Notations applied for the wet region IT

A general position within the wet region II is shown in Fig. 6,

_ait_ A~ 2 ntj—l"(i+1"j+n)ti+(i+1'—'j) Ly . (1.13)
972 nn+i+1—j)@E+1—j) 422
Notes:
For the cases:
0<j<n, i=n
n+42<j<2n, i=2n

E—2m+2<j<(k—Dn, i=(k—Dn

the correlation (I. 13) may be applied.

For j=n-+1, 2n4+1,... (k—2)n 4 1, the even division formula
may be applied.

If j > (k—1) n, there is no internal point within region II.
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II. Boundary conditions expressed by differential equations

The boundary condition (4) in Part I is written as

ot
an(te — tg) = — 2}:1*6“ .
% o

1. For the case 0 << j < n and with the application of Eq. (I. 7):

’

Ji

4

— tO
jaz

@it — &) = — g
Herefrom
jAZ &y tG —L }'hI tj{

g = -
JAZ &y - g

; (IL.1)

2. for the case n << j < 2n and with the application of Eq. (I. 8),

n](] _ n) Azah to+lh1j2 t{ — )'hI n? tJ{
An (2 — n?) L @y nj(j — n)4Z

tp ==

; (I1.2)

3. for the case 2n <{ j < k n and with the application of Eq: (I. 5),

g 2nAZatg 4 4Rt — Aty (IL.3)
0 3}.h1+2nAZ“h

Introducing terms:

1 RT
ﬂ 'DE ‘!W\V

permits to write the boundary condition (5)in Part I with respeet to the front,
as

ot | ol
= —AnrT, T

z '5“ Oz

S
§++ d+§e

—)uhj (tg — thp) r.

1. For the case 0 < j << n and with the application of Eqs (I. 7) and
(I. 11):

. =1 ., —nf2(@—jf)-+3n]tj-+(i-+2n—jf)? ti—(E+n—7)Ptii, N
T App T = T Apgg |

jAZ n(itn — j) (i+2n — j) AZ

8§

d L jAZ e

!
i

(t} — t},p) T
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and if j << n then i = 0; and substituting Eq. (IL. 1) for ¢; yields

AniCoj Aoyt sC,j4Z . “ o . g
’il o/ - 0]. : thp+AnrrJ(2n—7) 2t —Aar j(n—j)* b3
' JAZotp 4 A d+jAZ e
g O A7 (11.4)
Ing Co— —2E20— 4 jyppjn(3n—2j)+ =L =2
JAZoty+2yg d-+jAZ e
where

2. for the case: j = n (when the front is located at the first main grid
point), considering Eq. (I. 5), the boundary condition can be written as

t],. - t6 - -—-3t£ -+ 4t.‘;. - t3, | S '
= T Anll T, (tl - thp) r
ndZ 2ndZ 'd &-ndZe

_}'hl

and the substitution of #; by Eq. (IL. 1) gives

2 hyyndZoy t, 2snAZrt, ,
-+ L tddnrrty — dnrr s

r nAZ“h + }'hl I d —‘1L‘ nAZe .

T 2% 2sndZr
2y — — L. B0y RELT

nAZoch "\L' }"hh d+nAZe

(IL.5)

3. for the case n < j << 2n with the substitution of Eqs (I. 10) and
(1. 11) and considering that

t=nandi), =t

the boundary condition will be:

G —nftg— P4+ n(2j —n)f _
n(j — n)jdz

— n(5n — 2)t; + (3n — jP 15 —(2n — Py

- )ﬁhl

= — 1
n n(2n — j) (3n — j)AZ *
s - .

+ d + ]A—ZET (tj thp) r

Introducing:
C,=jG—n
C, = (2n —j) (3n —j)
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and substituting Eq. (II. 2) for #;, the correlation can be solved and yields

, 1 { sC,CyndZr, Iy CiCon(j — ny dZuyt;
e — €

=
d -+ jAZe Aaf(j? — n?) + 2, nC, AZ

U

_:_ [Ah[jZ C2 o .)'f_ll C?.(] — n)—J— ] tl _»’_ (II. 6)
;-171(]2 - n2)+ %y nCl 4z

+ 2nr1 G (3n — jYPty —2p1 Ci(2n — j) 25
where
251Con*(j — n)? "
1
Ini(J* = n?) + 2, nC,AZ

sC,CyndZr
d + jAZe

uy = ApCon(2j —n) —

~+ Jprr Cn(5n — 2j) +

4. for the case j = 2n. on the basis of Eqs (I. 5) and (1. 6), the boundary
condition becomes:

tg — 4ty + 31, — ty - 4t — 3t,

— Aur = — Jn1s T
’ 2nAZ 1 2017
s
Lty — tpp) T
d -+ 2nAZe i

replacing ¢; by Eq. (II. 3) and rearranging:

o 1 {2sndZrt,, 2%y ndZapts |
T u, | d+20dZe 32, < 2ndZa,
e (IL7)
—%{47-/11 — ——'-L"“] 8+ 4nrrts— Anrrts } 3
where 32.;11 +2nAan ;
9
Uy = 3y — 24 + 3411 + 2sndZr

30 + 2ndZa, d+2ndZe ’

5. for the case 2n < j << (k—2)n and with the application of Eqs (I. 10)
and (I. 11) and with the following considerations, namely

2n << j < 3n, then i=2n
3n < j < 4n, then 1= 3z

(k~§)n<j<(k——2)n i=(k—3)n
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the boundary condition becomes:

(= %ty — (j—i+nPi+nf2(j —3) +nly _
n(j —i+n)(j— 042

— ;th

- -)L
m ni+n—j)(@—+2n —])AZ
s
: t
a5 jaze T

Introducing

and solving with respect to t} yields:
, 1 [ sCyCyndZr
=13 g
d 4 jaZe
+ 2y Cali -+ 2 — Pty — Jap, Colibm — ) e } ;
where

ug = Ap; Cynf[2(j — D)+ni-+24,; Conf2(i — 7)+3n] 4
3 n1 Cyn[2(f ) ] n11 Canf2( 7) 1+ d+j-AZe

— a1 G — Pty + 2 G — L+ )P 4 +

sC3CyndZr

{20 — ) Sn] (2 Pty = (G =y

(IL.8)

6. for the case (k—2n) < j < (k—1)n, i = (k—2)n, thus t;,, = t;. The
unknown term t; may be computed on the basis of Eq. (II. 8), but first 1

must be determined on the basis of Eq. (I1. 16);

7. for the case (k—1)n < j < k n the characteristics known are seen in

Fig. 7.

Accepting the approximation of second degree for the temperature distribu-

tion yields
ol t, —t;
Oz jg+ (kn — j)dZ

Dried region ! ¢ regionl
L rjf e
RENERE | il i
k! Unf {kn~j]AZ 4

i

Fig. 7. Penetrating front, close to the median (symmetry) plane




DRYING OF MACROPOROUS SYSTEMS II 107

and since i = (k—1) n, further with the application of Eq. (I. 10), the boundary
condition can be written as

o (J—Ptieg — (G =t +nPti+n[2(j - i) + nlt;
" n(j —i + n)(j — )4Z
2t — 1)

= —7 ! s (& — typ) T
T Mk Az d - jAze T

and ¢, may be computed on the basis of the second boundary condition, accord-

ing to Eq. (I1. 17).

Herefrom:
G | T ey i )G = e+
ug | d+jdze (1L.9)
& Dl — J)(G — i e+ 2 gy nCy } ;
where |
uy = Jg(hn — ) n [2(f — ) -En] 422y nCy — ~Canbn — j) AZr

d + jaZe
8. for the case j = 3n, 4n, ... (k—2)n, the drying front will coincide
with a main grid point, therefore the even division difference formulas may be
applied.
Then,ifj = 3n — i = 3n
j=4n >i=4dn
ete. :
j=&-2n—i=(k—2)n

and the boundary condition can be written as:

. ti_o —4t] 434 s — 3t LAt — tii, N s ( — )7
— Ap = 4 T . 3 i d
2nAZ 2nAZ d-+jAZe ?
wherefrom
QSnAZT ~ . | , VA s - ’
FENYTA thp = Ang bimot A4t 40t e — Ppprtice
y = d+jdze . (IL10)
 an , 2sndZr
32pr+ 321 + e
d--jaZe

9. for the case j = (k—1)n, the drying front will meet the last internal
main grid point.
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Then. on the basis of Fig. 7 and since

t=(k — Dnand# =t_,;
the boundary condition can be written as:

t,:.__3 - 4t,1_2‘!-t;1_1 9 tl’; - tlw’.-l | s ’

— Jpr = — Jpyr 2 e . (tk—-l - tizp) r
‘ 2nAZ ndZ d--jAZe
wherefrom
5]
2snAZr . . . . ,
————Inp = Iprlig T App dlpo + hypr i
d-+jdAZe 7

by = ) - Sen A7y . (IL.11)
3hnr + Ay +

d +jdZe
Formulation of the boundary condition ((7)in Part I) at the median (symmetry)
plane:
ol |
9z { L—

1. For the case 0<C j < (k—2)n. two main grid points are provided to the
left of the symmetry axis and thus the even division difference formulas may
be applied. According to Eq. (1. 6),

Rk U
57 |- 2 (ndZ)

Herefrom:
— _‘Lti—l_?".“_tﬂ ; (11.12)

2. for the case (k—2)n<<j<<(k—1)n, with respect to Eq. (I. 9),

PRI U
(@n—jop —

(11.13)
where
JF=j— k-2
3. for the case j = (k—1)n

ol —th,

= =0,
oz }L—- TIAZ

wherefrom
=ty (11.14)
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4. for the case (k—1)n << j<kn
ol —1 — 0
8z |- (kn—j)AZ '
wherefrom
t. =t; (I1.15)

The boundary conditions at the median (symmetry) plane may be for-
mulated on the basis of symmetry too, according to Fig. 8

ter 1

Fig. 8. Calculation of the temperature of the median (symmetry) plane

5. For the ease 0 < j < (k—1)n, the differential equation ((6) in Part I)
transcribed to difference equation, yields

t, — & 2
e = gyt — ) -
I, LLaryr (te—y — &)
Herefrom
, 2ay,,; At;
t =t + —(_r’zLAE)?] (they — ) 3 (11.16)

6. for the case (k—1)n < j < k n. on the basis of Fig. 9

, 2any7 A7j -
t,=1t, + ——2fl _(t. —1,). IL.17
S Ry Y (IL17)

J#! I
& :
J 1 IR |
(k=1n &% [t b (ket)n

Fig. 9. Evaporating “plane”, close to the median (symmetry) plane
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IT1. Determination of the penetration velocity of the front

Let the penetration velocity be

ds
==y
dr
of a value changing from point to point.
The drying velocity is written as:
. dz m
Jw— 8 = gv = (tz—thp)7

dr  ° d--Ze

where
i—t__1
B K; My
and
RT
€ == e .
D, My,

At the initial instant of time, the drying velocity may be written as

' m
8V =—~ (8o — tip) (IT1.1)
if T=20,j=0.
At the instant of time j = 1
m
PRGN (A — t
&= g aze T o)
and at j =7
m
gy, —= ——e— (t; — ¢ . (I11.2
oY d—}-]'.AZe(J hp) { )

In the numerical computation the penetration velocity may be regarded
as constant during the period A7 and equal to its value at the beginning of the
time step, since the computation method has been chosen so that the time step
At is always determined by that portion AZ of the drying front which pene-
tratesinto the material at the end of the time step, thus reaching an auxiliary
grid point.
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On the basis of the foregoing, we obtain:

Arj= A2 L (IIL.3)
vy
namely
j=0 4dr=20,
and
j=1 47, = 4z .
Yy

IV. Computation of the internal poinis
of the dried region

The heat-balance of the dried 1'egic;n yielded the differential equation
(3) in Part I. Transforming it to a difference equation, the internal points may
be determined numerically.

1. For the case 0 < j <{ n, there in no internal point (main grid point)
for the material I yet:

2. for the case j = n - 1. only two points occur within the dried mate-
rial, thus the approximation of the second derivative with respect to location
cannot be carried out in the usual way.

The temperature change at s:

dr, — [ dr o [_?LJ d
197/, L 0% /2
Herefrom
dt. (_at_‘ 1 | (ot
)= 81}_ dz 0z /,

Location z may be constidered as the common point of both the dried
region I and the wet region II, therefore with the application of Eqs (3) and
(6) in Part I we obtain:

LA paz oty 1 ol grell 1 ol

[ — b B o = - .

S dr az) dz 0z M e dz 8z
dt dt

Herefrom

171 )
14+b) 2| — (IV.1)
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and the substitution of Eq. (IV. 1) into Eq. (3) in Part I gives:

dz ot
dv 9z

82t!1 dz [aZill

— (IV.2
=2 dt a5 ( )

at! ot!
— = @y “‘(1+b)—“‘jl +b
ot oz

Transcribing Eq.(IV. 2)to a difference equation, at the instant of time
j=n -+ 1 and at the location i = n — at the first main grid point — the
temperature variation can be expressed by

L —au; tp— 2ty 1 by . ( bieg—4 4 — ti—l) (IV.3)
= Lvi, . X

Az (ndZ)? ndZ ndZ

Substituting Eq. (IV. 3) and rearranging gives

1 an At; 2
T LS
n

A% § (IV.4)
i {.}_ _ _%M} g, o il Av;
n T T(dzy | (mazp Y

Similarly, if j = (k—1)n + 1, then at i = (k—1)n and hecause of the

symmetry condition t; = t;.,, we obtain

tlfz_l_t.~1 _%_[M;,g_l_g_ £ 1 2en 4y t;r,. (IV.5)
no (ndzyp nl e (mazp |7

3. Points, determinahle by even division, with respect to location,
applying Eqs (1. 1), (1. 2) and (1. 3)

— for the time steps 2n + 1 < j < 3n. at i = n;

— for the time steps 3n + 1 < j < 4n, at i = n, 2n, ete.

— for the time steps (k—1)n + 1 <j < kn,
ati = n, 2n, 3n, ... (k—2)n; respectively, Eq. (3) in Part I can be
rewritten as
t— g — 2t - ¢,
1 LI an; tl.l tz T tz-—l + bvj..l

Ax; (ndZy?

bir; — &

Substituting Eq. (II1. 3) and rearranging, yields:

b=

__ay A ; . [1 b 2ay; A1, an1 A7, b 7
P . lekd B SR | . t; - A —1te,. (IV.6
(ndzy 1 n (ndzy | | @mdzyp " n| (IV-6)
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4. Points, determinable by uneven division, applying Eqgs (I. 1), (I. 2)
and (I. 12),
— for time steps n -
— for time steps 2n - _

Eq. (3) in Part I becomes:

ti— 1t :Qahl(]'~1—i)ti_l—(n +j-i—=tdnt,
At n(j—1l—i)(nLtj—1—1i)dz
Y VR o Sk S
(j—1—1i)dz

Substituting the term v;_, by Eq. (ITI. 3) and rearranging gives:

b = 2 ay A7 ti_q — ‘:1 b Zady ]ti 4
n(n+j—1—0422 ° ~ (j—1—-1) n(j—1-—)42? -
‘L‘: 20;;1 drj N b ‘It, (IVI)
G—1—d(n—j-1-i)dzz (j-1-i)] ™"

5. For time stepj=2n -+ 1, at i = 2n
Eq. (IV. 4) can be applied; 2 grid points being already provided at the
former time step, the even division formula could be applied too.

The equations to he applied in different cases are as follows:

— For the time step 0 << j <{ n no internal main grid point oecurs;
— for the time stepj = n + 1, at i =n
t, can be computed according to Eq. (IV. 4):
— for the timestepn -2 <{j<2n,ati=n
t; can be computed according to Eq. (IV. 7);
~ for the time step j = 2n -~ 1, at i = 2n
t; ean be computed according to Eq. (IV. 4);
— for the time step 2n + 2 < j < 3n,ati = 2n
t{ can be computed according to Eq. (IV. 7);

— for the time step j = (k—1)n + 1, at i = (k—1)n
t{ can be computed according to Eq. (IV. 5);

— for the time step (k—1)n -2 <j<kn,ati= (k—1)n
t; can be computed aceording to Eq. (IV. 7);

— for the time step2n + 1 <{j < 3n,ati=n
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t; can be computed according to Eq. (IV. 6):
— for the time step 3n - 1 <{j < 4n,ati= n.2n
t; can be computed according to Eq. (IV. 6):

— for the time step (k--1)n + 1 <{j < kn,
ati=n,2n,3n... (k—2)n
t; can be computed according to Eq. (IV. 6).

V. Calculation of the internal points of the wet region

The temperature variation of the material with respect to time can be
determined by means of the enthalpy balance of the wet region, Eq. (6) in
Part I. If differential equation (6), Part I, becomes transformed into a differ-
ence formula, a distinction must be made between the applicability of even
and uneven division formulas.

1. The internal points, computable by even division with respect to lo-
cation, are as follows:

— for time levels 0 << j < + 1,
ati=2n,3n...(k—-1)n

— for time levels n + 2 <j<2n + 1,
ati=3n.4n. ... (k—-L)n -

— for the time levels (k—-3)n -2 <j < (k—2)n + 1,

at i = (k—1)n
t—t tigg — 204+,
— T = QI .
Az (nAZ)?
Herefrom
£ — ﬂf_’ﬁ]f_!_ti_l + [1— 2a1 A1 ]ti‘T 9is A7; tisq (V.1)
(nAZy (nAZ)? (nAZ)?

may be obtained.
2. The internal points — first points after the front — computable by
uneven division with respect to location, are as follows:

— forthetimelevels 0 < j << n + l.ati=n
— for the time levels n + 2 <j<{2n 4+ 1, at i = 2n

— for the time levels (k—2)n + 2 < j < (k—1)n,
at i = (k—1)n
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while after time step j>(k—1)n, no internal main grid point will occur in the

material I7.

With the application of Eq. (I. 13} the following correlation can be ob-

nt;_; —(i+1—j+n)t;4+(i+1—j)t;-,

tained:
8 — & :
P = 2a,;
7j
wherefrom
[{ _ Zah” _/ET]
=

n(n-itl—j) (i+1—j) 422

2a;; At

L

(n-bitl—j)(i+1 —j) 422 [ n(i+1—j)de?

o)
Zay; A7

1

[0 /1]
keal/kg °C]
[m?/h]

m?]

pes]

pes]

kg/m?® k]
pes]

m]

kg]

pes]

. p atm]
kealfm?® h]
keal/kg]
atm m3/kmol °K]
atm/°C)
°ql

[m/k]

[m®]

{ke]

[m]

QV‘.Q ~ow ';'J‘“Q"’U:’ 3 h:r';.&'.m)ﬁba a

W

N

Greek letters

4
n(n-+i-+1-—j) 122

1.'.1 .

Notations

temperature conductivity
specific heat

diffusion coefficient

surface

number of location steps
number of time steps

drying velocity

number of location steps on the main grid
thickness

mass

distribution number of the auxiliary grid
pressure

heat flux density

evaporation heat

universal gas constant

slope of the tension curve
temperature

penetration velocity of the front
volume

mass of moisture

distance

o fkcal/m? k °C] heat transfer coefficient, specific
8 [kgim® h atm] mass transfer coefficient, specific
0 kg/m3 density

A [keal/m & °C} thermal conductivity

o [m] thickness

P [m3/m?]} porosity

T [k] time

Subscripts

e equilibrium state

é interface (intercontacting surface)

F boundary surface of air and drying material

G (essential) mass of air

3 Periodica Polytechnica M. 20/2.
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h temperature
hp dew-point value
P constant pressure

ms material, solid
W, WL  water

WG water vapor

0 (original) initial value
z at the location s

I dried region (layer)
II wet region (Jayer)

Summary

The drying of wet (centrifuga-wet) granular materials is an often occurring task in
industry. The bed established by such particles is macroporous. In the case of drying macro-
porous beds, the evaporating ‘““plane” tends to penetrate into the bed, thus forming a double
layer (i.e. where one of the layers is already dried up while the other one is wet). In the course
of the drying process the thickness of the layers is changing. In Part I an approximate analyt-
ical correlation has been developed for the determination of the drying time of macroporous
beds. — The exact computer-aided calculation method is presented in Part II. Computer out-
puts and approximation results are compared by means of a numerical example.
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