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1. Basic Concept

- solidOil E0tLE =2 =
-=0] E0tLE &2l s&ot=0t?
-

- Product )t & 0tLE ® 2| H 3T HLE degrade &l = J+?

Water content -

(D FreeWater : cell AFOI2] S2t0ILE CI8d & & 22
capillary 0| & XH
(2 Bound Water : freewaterE sJlol= &2 =
solid LH 2 0| = K




[ Psychromatric chart ]

(® Humidity = mass of water / mass of dry air
ST 2 22 humidity2ke| A 24

P H[29daltons/18daltons] P

C., = =
' RT 1+ H[29daltons/18daltons] RT
R

3 Relative Humidity =
Pl(sat)

~ H(18+29H (sat))
H (sat)(18+ 29H)
(4) Wet bulb temperature




< Evaporation and Heating Rates

- Evaporation rate per area

1= k(Cli _Cl)

- Heating rate
q= h(T T)

=—2=(p cT(buI K)—p CT(I nt erface)

pc

=— (T(bul K)-T (interface)

- Dryi ng process Kk

C,=water concentration at water-air
interface

C,=water concentration at bulk air

k=mass transfer coefficient =D/I

T.,T= interface and bulk temp.
H = heat transfer coefficient
c =specific heat capacity
x = thermal conductivity
| = & 8 20|

= O >




< Undesirable Effects of Drying—

- Undesirable effects
(D hardening
(2 chemical dehydration
(3 protein denaturation

- Activity of protein versustime

diP]

_ LE/RT
dt = ke [P] [P]=initial protein activity
E=activation energy
In [ Po] _ ke—E/RTt k= rate constant



2. Drying Equipment
<__Conduction Dryers

D el
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B) Tumble dryer
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(3 Equation

A) tray drying
h: heat transfer coefficient
K K: thermal conductivity
4= h(To _Tz) — E (ro _Tz) T,, T,:bottom , interface temp

Heat flux 2t liquid interface 2| &= 0fl 2t & St A
(heat conducted)=(heat of vaporization) X (water evaporated)

Solid Boundary

s
Dry Solids

Wet Solids
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d
A= Ap.—(ZA
q podt( )
t=0,z-I0A (A= <L)

kA d
— (T, =T,) =Ap,—(ZA)
Z dt

KTo=T2) 4 = 707
1,00 A:cross sectional area
AH= HZotH A specific heat of yaporization
)2 (2k(TO —Tz)t) Po-Mass concentration
Ap,

poAl’
k(TO _Tz)

)

- Drying0l 2Lt= AlZE T = S (



B) tumble dryer

(@ no fixed bed

(@ tumbling particle 0| dryer wall 2t CFZ particleS 1t
LMot H=0| 2ol € 8E

3 hot Al2t0 et St

@ aEgdo=z 2

@ [to(A/ V)] pilot plant = [to(A/ V)] production

(6 scale upAl dryer= = AtSt S EX.



3. Adiabatic drying
O3 EEHL
-wamand dry gas & = 0{ Jt Al coldand wet &/ EH = LI =
- liguid= 28 Ml A M 2H &l 10 gas= recycle.
-HENEO L2 O LIH A S Ell = spray dryer O
4, spray dryingAl atomizer )t = 2 ot L.
- atomizer

—— Rotary atomizer
—— Single fluid pressure nozzle

— Two fluid nozzle

- atomizer= drying0| ==0 EHLIESE 2 EHES

Nl & etLt.
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(3 Equation

Cte A8t 22 & 2202 0| LHEHE.
(Constant rate period, Falling rate period)

Water Content
Drying Rate

Time Water Content



< constant ratedrying >

d |
L (Edpw) =—(xd?) ]

(&)
- fixed diameter
- water vaporJt SJ| S0l A Fetal A

Ji =k(¢; —¢) =ko(H; —H)



12 24 0l A

dw

”d psaz_ﬂd kp(H H)
aw 6kp

e Glla)
q=4)

h(T-T.)=Ako(H, —H)
dw 6kp A(T T)

)( )

dt



<__Falling rate period” >

aw __
at

W
t—t, = 2In(—=)
W

t:{/’sdj1 L atw —w +w In ey
6kp o (T-T) w
p
c(T-T)
w, = 6kp
kp d A

t=0 2 w=w,, t=t. & Il w=w, 0|2 =

Y AN _
tc_(6kp)(g(T—Ti))(Wo We)
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