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The STOREDRY Grain Drying Model has been developed in Silsoe Research Institute.
The model can be used for both drying and storage of grains. The heart of the model is
the solution of the four partial differential equations. They describe conventional heat
and moisture transfer in ventilated granular beds. The model includes two procedures
of equation solution. The first procedure is based on the equilibrium idea. The essence
of the equilibrium idea is the assumption that, because low temperature grain drying is
a slow process taking several days, the grain can be regarded as reaching equilibrium
(as to temperature and moisture content) with the air during each time step of the
integration of the differential equations. The second procedure incorporates more
sophisticated Nellist’s solution of the equations in finite difference form. The compari-
son of the two methods shows that there are minor differences as to moisture content
and temperature profiles. Program is written in Microsoft FORTRAN, version 5.1.

near ambient grain drying; modelling; deep bed; grain storage

GENERAL MATHEMATICAL DESCRIPTION OF THE DRYING
AND STORING MODEL

The development of the four partial differential equations commonly used
to describe conventional heat and moisture transfer in ventilated granular
beds has been set out by Sharp (1981). The equations are:

Moisture (mass) balance
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Moisture (mass) transfer
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Heat transfer
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Spencer (1972) and Bakker-Arkema et al.(i967) have
shown that the terms involving the partial differential 97/dt and dH/dt are
small and can be neglected so that equations (1), (2), (3) and (4) become
equations (5), (6), (7) and (8)
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EQUILIBRIUM MODEL

The equilibrium model used within STOREDRY was originally invented
by Morey etal (1979) but was programmed and developed for use in
drying wheat or barley under UK conditions by Sharp (1982). The
essence of the model is that low temperature grain drying is a slow process
taking several days. The grain can be regarded as reaching equilibrium (as to
temperature and moisture content) with the air during each time step of the
integration of the differential equations describing the heat and mass balance
and transfer within an elemental depth of the bed.

Letting
Tin=T (x,7)

Tex=T (x+ Ax, t)
Oin=0(x,1)
B =0 (x, t+ AY)

Hin=H(x, 1)
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=H(X+Ax7 t)
Mex=M (x, t+ Ar)

now the equilibrium assumption implies that

@ex = Tex

erh (Mex, eex) =rh (He)hTe.r)

i.e.
O t+A)=T(x+Ax, 1) ©)

erh (Mex, Oex) = rh (Hex, Tex) (10)

Adding equations (6) and (8) by eliminating the heat transfer term AS (T-©)
and substituting dH/dx for oM/t gives
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Equations (5), (9), (10) and (11) can be written in differential forms
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Equation (15) can be solved to find Tey
Tex 2 (Cg o+ CwMin) R®in + (Ca + CvHin) Tin - (Hex - Hin) (lg = Cvein) 16
B (ca+ cvHex) + (cg + cwMin) R (19
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Hence given Min, ©in, Hin, Tiny the set of equations (5), (9), (10) and a1
may be solved simultaneously for the exhaust air conditions Hex, T from the
elemental layer Ax and for the state of the grain Mey, ©c at the end of the
time step At. The model incorporates equations for relative humidity unde,
adsorption as well as desorption and a routine to prevent over-prediction of
drying under non-equilibrium conditions. At each depth and time step, the
change in crop moisture content predicted by the equilibrium solution ig
compared with that predicted by the thin-layer drying equation (3) and the
smaller value is used.

NELLIST’S FOUR EQUATIONS’ MODEL

Nellist (1974, 1987) have found the solution of equations (5), (6), (7)
and (8) in finite difference form
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£XAMPLE OF SOLUTION
gome results for wheat continuous ventilation simulation from August 15,
1970 at Wwaddingtom (England) are shown in Figs. 1 and 2. Fig. 1 shows the

wheat moisture content B .2 Shqws the corresponding wheat tempe-

ture profile. The initial layer height is 3 m and initial wheat moisture
Zime.m is 20% w.b. The strategy 1 (i.e. continuous fan - J{lek, 1994)
without any heater has been selected. The time period of ventilation is deli-
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2. Whe,
: at temperature profile for continuous ventilation
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berately higher than it would be under normal ventilation procedure. Ty,
purpose is to show what is going on when ventilation have continueg bu?
drying stopped. The influence of less favourite weather conditions i the
autumn can be seen. Once drying had stopped, higher weather humidity have
caused continuous increase of the average wheat moisture content.

Notation

ca specific heat capacity of dry air, k.!.kg’l."Cfl

¢g specific heat capacity of dry grain, kJ,kg"l."C'l

cv specific heat capacity of water vapour, kJ.kg“‘."C"l
specific heat capacity of water, kJ.l»:g'lfC‘l

mass rate of flow, kgu.s"l.m_

heat transfer coefficient, kW.m2:.C!

absolute humidity of air, kgv.kg.™

drying constant, h!

latent heat of vaporization of pure water, kJ .kg‘l
latent heat of vaporization of water in grain, kJ.kg"1
grain moisture content, decimal d.b.

parameter defined by equation (17)

specific surface area of grain, m m?

time, h

depth of bed, m

void ratio, mg>.m*

grain temperature, °C

dry matter density, kgg.m_3

dry air density, kgg.m’3
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delu skladovani a suSeni zrna.

préci Silsoe Research Institute s Vysokou Skolou zemédélskou v Praze
del STOREDRY, ktery popisuje ventilaci zrna studenym nebo pfihia-
tym vzduchem. Model je moZné pouZit pro su§er}1’ i sklz}(}OYénf rfxznjch dnihﬁ zr.nix?.,
Hlavni &4sti modelu je feSenf Ctyf parcidlnich diferenciélnich rovnic, které popisuji
konvekéni prenos tepla a pfenos vlhkosti ve ventilované vrstvé zrnitého materidlu.
Model obsahuje dvé metody feseni rovnic. Prvni metoda je zaloZena na pfedpokladu
vzniku rovnovéhy mezi zrnem a prostfedim. Podstatou rovnovaZné metody je pred-
poklad, Ze proces nizkoteplotniho sulenf je pomaly proces probfhajici dny, tydny
a v nékterych piipadech i mésice. TudiZ je moZné predpoklddat, Ze zrno doséhne
rovnovéhy (pokud se jednd o teplotu a vlhkost) s prostfedim (vzduchem) b&hem
kazdého casového kroku integrace diferencidlnich rovnic. Druh4d metoda obsahuje
ponkud ndroén&jsi feseni diferencidlnich rovnic podle Nellista. Z porovnini obou
metod vyplyvé, Ze feSeni vede k téméf shodnym vysledkim.

Nekteré vysledky simulace ventilace a suSeni pSenice pro obdobi od 15. srpna
1970 v lokalit® Waddington (Anglie) jsou zobrazeny na obr. 1 a 2. Obr. 1 zndzoriluje
vlhkostnf profil zrna, obr. 2 odpovidajici teplotnf profil zrna. Po¢dtecni vyska vrstvy
byla zvolena 3 m a po&ate¢ni vlhkost pienice 20 %. Vybréna byla strategie nepieru-
$ovaného chodu ventildtoru bez ohfivace vzduchu. Doba chodu ventildtoru byla z4-
mérn€ zvolena delsi, neZ by odpovidalo skuteCnosti. Utkelem bylo totiZ ukdzat, jaké
procesy probihajf, jestlize ventilaci prodlouZime za dobu, kdy suSeni skoncilo.
Z obrazkl je ziejmy vliv méné piiznivych podzimnich podminek. Jakmile suSeni
skongilo, vy¥§f vlhkost vzduchu zplisobuje vzestup priim&mé vihkosti pSenice ve
vIstve.
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