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CONCEPT OF INTERMITTENT DRYING

« APPLICATION POSSIBILITIES
* IN CASE OF MULTICOMPONENT MATERIALS
 USING THE INTERNAL ENERGY OF MATERIAL BED

« BENEFITS OF INTERMITTENT DRYING
* ENERGY SAVING
* HOMOGENEOUS MATERIAL BED
« AVOIDING QUALITY DEGRADATION

« COMBINATION WITH THE USE OF SOLAR ENERGY
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ALFALFA DRYING

- ALFALAFA IS USED INITIALLY FOR ANIMAL FEEDING

* IT HAS TWO MAIN COMPONENTS:
* LEAF
* STEM

* PREREQUISITS DURING THE ALFALFA DRYING:
* AVOID DETOUCHING OF LEAF AND STEM
« AVOID OVERDRYING
* REDUCE THE CONSUMED ENERGY

* INTERMITTENT DRYING CAN BE SUCCESSFULLY APPLIED
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PICTURE OF ALFALFA FIELD, STEM AND LEAF




RESULTS OF INTERMITTENT DRYING EXPERIMENT
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THE DRYING RATE CURVES OF THE COMPONENTS

Drying rate, kg/m’h

0,6
0,5
0,4
0,3
0,2
0,1

0,0

X X X leaf
0 0 0 stem

% 1~
" R
- /_.r-"'"f
- As
AN
R R
___...a--"'...-a"""a- o—a o9
2 3 4 6 —=

Moisture content, kg/kg

7/41



MODELLING OF ALFALFA DRYING PROCESS

* DRYING AND REWETTING PROCESSES

‘PHYSICALLY BASED MODEL (PBM) IS ADVISED

* PHYSICAL PROPERTIES OF COMPONENTS ARE NEEDED
* SORPTION AND DESORPTION ISOTHERMS

* WAY OF MODELLING
« THICK LAYER
« THIN LAYER
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APPROXIMATION OF EQUILIBRIUM STATE
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THIN LAYER MODEL OF ALFALFA DRYING

Nomenclature:

X - moisture content, kg/kg X T

T - temperature, C a,0ut a,0ut
z - height, m

a - specific surface area, m2/m3

t - time,s

¢ - specific heat, J/kgK

r - latent heat, J/K Az X, Xs Ty, Ts
a - heat transfer coefficient, W/ m2K

B - mass transfer coefficient, m/s

€ - porosity, m3/m3

p - density, kg/m3 ; :

¢ - relative humidity, - Xa,ln Ta,m
¢ - air flow rate, kg/s

Subscripts:

L - leaf

S - steam

a - air

e - equilibrium

Solution of the model:
X, Xg, X,, Ty, Tg, T, (6 equations) + sorption isotherms : X, , X
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Heat balance of air:

oT
cpapag 8: =_aL(NchW + aL) (Ta o TL) -
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oz Az
Mass balance of air:
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Heat balance of stem:

ol oga acr
C8 = (1, - T) - N,
ot ¢gpg CsPs
oT
CsPg 8_ts = dg [O(,S(Ta Ti TS) = I‘NS] (revised form)

Mass balance of steam:

X
ot

= —PBsag(Xg — X5)
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Modelling of the internal moisture conduction of the stem
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Modelling of internal moisture conduction of stem

_9%sc  Ohsp_ 8 a4 (X —X

Mass balance of cambium:

0X
6tsc :KCB (Xsc T XSB)
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Drying rate of stem:
Ng =Bsps (Xs — Xes)

Desorption isotherms of stem:

Inp —3.16
€X : if ¢ <0.7
P(0.766
X, = { exp(ln(P(_)lln60'96), if 0.7<¢ <1

1.29, if ¢ =1
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Heat balance of leaf:

Ol BGh. a a,r
Lo S r, o) - N,
ot ¢ pp CLPL
OT
Ci Py a—tL = ar [(XL (Ta T TL) — I'NL] (revised form)

Mass balance of leaf:

OX,
ot

=—PBrap (Xy —X)
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Drying rate of leaf:

NL =BupL (X, — X,1)

Desorption isotherm of leaf:

ex i ? 10T if @ <0.64
2.3
X — { exp(™9 ; 111170'89), if 0.64< @ <1

1.985, if =1
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BLOCK-ORIENTED REALIZATION OF

THIN-LAYER ALFALFA MODEL
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BLOCK-ORIENTED REALIZATION OF
THIN-LAYER ALFALFA MODEL
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DRYING CURVES OF ALFALFA
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INFLUENCE OF HEAT TRASFER COEFFICIENTS

1,5

" 0[_-1 — 0.8
|0, =3,5 |
L2 L Wm*K

on

v 1,0

on

~

=

Q

=

o

@]

o

2

4

o

= 05

0
0 6 12 18 24 30

Time, h
21/41



USE OF THE TWO-COMPONENT MODEL

« FULL-SCALE PHYSICALLY-BASED MODEL IS PREFERABLE
FOR DESIGN

* LONG CALCULATION TIME
« SELECTION OF TIME AND SPACE DISCRETIZATIONS
* NUMERICAL ERRORS AND STABILITY PROBLEMS

e FOR DRYING OPERATION AND/OR OPTIMIZATION
- REDUCED ORDER MODEL
- BLACK-BOX (I/0) MODEL
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STEPS OF MODEL REDUCTION

i. Neglecting the dynamics of temperature of material components
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INFLUENCE OF MODEL REDUCTION

« NEGLECTING THE DYNAMICS OF TEMPERATURES
CONCERNING TO MATERIAL COMPONENTS

« THE CALCULATION TIME IS ABOUT TEN TIMES LESS

* THE ACCURACY STAYS WITHIN 0.5 %
COMPARED TO THE ORIGINAL MODEL
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RESULTS OF OPTIMAL OPERATION
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OBJECTIVE FUNCTION, CONSTRAINTS AND INPUT DATA

tf
AP® El @,p,c. (T, —T. )Fuel
n j{ q n P P ( h l) }dt
t0

N MNh

with
1.6

()
AP = aH ——exp(X, .. )
Aq

26/41



DRYING HISTORY OF STEMS AND LEAVES
FOR INCREASED FINAL CONSTRAINS AND
FINAL TIME OF 60 HOURS
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Time(s)
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LAYOUT OF AN INTEGRATED SOLAR DRYING SYSTEM
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CONTROL SHEME OF THE ALFALFA DRYER
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CONTROL PARAMETERS FOR ALFALFA DRYING
(OVERALL VALUES FOR THE DRYING BED)

Temperature equalization rate:
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MOISTURE EQUALIZATION FOR ALFALFA AT 32 °C
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MODELLING OF CORN DRYING PROCESS

* PHYSICALLY BASED MODEL (PBM) IS ADVISED

 THIN LAYER MODELLING IS APPLIED

* BLOCK-ORIENTED REALIZATION
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BLOCK ORIENTED MODELLING OF THIN LAYER DRYING
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COMPARISION OF DRYING CURVES

moisture [kg/kg]wet basis
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MEASURING SET-UP FOR THIN LAYER DRYING
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COMPARISION OF CONTINUOUS AND INTERMITTENT
DRYING
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COMPARISION OF THE TOTAL DRYING TIME
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COMPARISION OF CONTINUOUS AND INTERMITTENT

DRYING WITH TIME TRANSFORMATION

moisture [%] wet basis
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COMPARISION OF INTERMITTENT VS CONTINUOUS
DRYING PROCESSES

* LONGER TOTAL DRYING TIME

- SHORTER EFFECTIVE DRYING TIME (20-25%)
- LOWER SURFACE TEMPERATURE (10-15 °C)
- IT HELPS AVOIDING DEGRADATION IN NUTRIENTS

* SAVING ENERGY
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CONCLUSIONS

 INTERMITTENT DRYING COULD BE APPLIED SUCCESSFULLY
« UNDER DIFFERENT CONDITIONS
* FOR DIFFERENT MATERIALS

* TWO-COMPONENT MODEL FOR ALFALFA DRYING IS ADVISED
« THIN LAYER MODEL IS ADVISED
* BLOCK-ORIENTED SOLUTION IS ADVANTAGEOUS
« MODEL REDUCTION IS NEEDED FOR CONTROL

 INTERMITTENT DRYING IS MOSTLY BENEFITIAL
* IN A SENSE OF QUALITY ISSUES
* IN ENERGY SAVINGS

« USABLE IN CONNECTION WITH SOLAR DRYING

* NEW POSSIBILTIES IN DESIGN OF OPTIMAL OPERATION
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