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Abstract:

concentration profile we

This study investigates the effect of lemperature-dependent di
The governing equations have been decoupled using pertu
expansion technique. The lmﬂuerzces of the dimensionless parameters on temperature and moisture

' re plotted on graphs. Itis noteworthy to mention that the temperature increases with
increase in peclet energy number (P,), moisture concentration rises with increase in peclet mass number (P,,).

Jtis also found that temperature and moisture concentration decreases with increase in reference velocity (u).

ffusivity in convective drying of food material.
rbation method and solved via eigenfunction

Keywords: Drying, expansion, food, temperature, diffusivity

Introduction

The process of food drying involves the dehydration
of moisture in order to preserve fruits by preventing
microbial spoilage. It further reduces transport and
packaging cost by reducing weight and volume.
Dried food has the advantage that it can be stored at
ambient conditions in comparison to other food
preservation methods. However, drying is an energy
 intensive process and accounts for up to 15% of all
industrial energy usage and the quality of food may
degrade during the drying process (Kumar ef al.,
2014).

Drying is a process wherein moisture is removed
from the food material as a result of concurrent heat
and mass transfer (Sontakke and Salve, 2015).
Mujumdar (2004) reported that the main reason of
food drying is not to only remove moisture content
by adequate supply of heat energy but also to
Produce quality food. To minimize the rate of
energy consumption and improve product quality, 8
Physical understanding of the drying process is very
Muchimportant, *

Patel ¢t al. (2013) examined critically a review of
e solar dryer and concluded that the u§e Of: SOI?T
dryerled to considerable reduction in drying time 10
“Omparison to that of conventional sun drying, and
“ Product dried using this dryer were of be'tter
Juality g compare to their conventional sun dried.
The efficiency of solar drying system is affected by
.~ Ploperties of drying materials. €.g- moisture
hlent, size, shape, and geometry @s well as
~Mlent conditions which includes solar ra_dxatxon
o Emperature, relative humidity, velocity and
SMOospheric pressure of ambient air.

{5

Maisnam et al. (2017) worked on recent advances in
conventional drying of foods and stated that, the
major concern with drying using artificial dryer is
that it is energy intensive even though drying time is
shorter as compared to the natural method of drying.

There are several fundamental mathematical
models that have been developed for food drying.
Barati and Esfahani (2011) developed a food drying
model wherein they considered the material
properties to be constant. However, in reality,
during the drying process physical properties such
as diffusion coefficients and dimensional changes
occur as the extent of drying progresses. Calculation
of the effective diffusivity is crucial for drying
models because it is the main

parameter that controls the process with a higher
diffusion coefficient, implying an increased drying
rate. The diffusion coefficient changes during
drying due to the effects of sample temperature and
moisture content (Batista et al., 2007).

Interms of heat and mass transfer, evaporation plays
an important role during drying process. During the
initial stage of drying, the surface is almost
saturated, which induces both higher evaporation
and moisture removal rates. Due to this higher
evaporation rate, the temperature drops at this stage
for a short period of time (Golestani et al., 2013).
Komolafe et al. (2021) studied the determination of
moisture diffusivity and activation energy in the
convective drying of fish and used locally
fabricated drying system for the experiments. It was
concluded that, the hlghcsg drymg rates were
observed during the convective drying process at

90'C drying temperature.
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Several works have been carried out on convective
drying of food material, but there are limited studies

that have investigated the temperature variation
during convection drying process.

Inthis context, the aim ofthisarticleisto investigate
the effect of temperature-dependent diffusivity in
convective drying of food material using

eigenfunction expansion technique to obtain
analytical solution,

Mass transfer equation
.a_C, + u’ a_C = i D() _]i a_c
Ot ExL . Ox' 1, ox'

Heat transfer equation

or ,oT i
—+u — |=K
pcp( 4 6x'J

or'
Satisfying initial and boundary conditions

o*T

axIZ

GG 0)~C,, Cc.r)=c,, c(Lr)
Qe  T(0,¢)=T, T (Li)=
where
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Model Formulations

Considering the plane geometry of the food product,
The Temperature-dependent diffusivity obey an
Arrhenius-type relation and thermal conductivity is
assumed to be constant. The primary dependent
variables are the temperature, T (x,£) and moisture
concentration C (x,£). Under these assumptions, the
equations that describe diffusivity in convective
drying of food materials are:

(1)
@)
=C,
S5
T ®)

Tis the temperature, Cis the moisture concentration, #'is the time, D is the diffusion
p 0

coefficient, 1 is a convective flow, x"is the distance, p is the density,

the material and X is the thermal conductivity.

Method of Solution
- Non-dimensionalisation
~ Here we make the variables in ()—(

IEI

sing equation (4) on equations (1)—(3) we have;

¢, 1s the specific heat of

3) dimgnsionless by introducing dimensionless variables for
~temperature, moisture concentration, distance in space and time;

‘ é@._].'_i’ ¢=&, x=£, [=gt_, u-_—_i (4)
L -1 G -G, L L U

ere 7 is the initial temperature, C,is the initial moisture concentration, U is the reference
ocity, x, ¢are the dimensionless distance and time.

e ox p,, Ox Ox (5)
401 60.0)=0, §(L0)=0
%, 150
o & p,ox" (6)
2 0 (x,0)=1, 0(0,/)=0, 0 Lt )=0
L 260 0090 o= P
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where

pc,
= ;Peclet ¢ LU o
Pe K NCrgy number, P:zm = ‘F;Peclet mass number g = [T“—”TAJ}

(]

Approximate Analytical Solution
* [n this section, we let

0 (x,t)=90 (x,t)+ ab, (x,t)+“}

(6 1)=0, (x,1)+a, (x,0)+... )
-~ and processing gives
ot ox Pem Ox @)

9 (%,0)=1, ¢,(0,£)=0, ¢ (1,£)=0 (

O, 00 _ L 2% 1, o, 1o, o0,
o6 & P, P, P ox ox ®

em

0 (%,0)=0, ¢,(0,£)=0, ¢ (L,)=0

@, @109,

Lo x P (10)

0, (x,0)=1, 0,(0,£)=0, 6, (L,¢)=0

#0159

Bt o P& (11)

8, (x,0)=0, 0,(0,¢)=0, 6, (1,£)=0

Next, transforming (8)—(11) using

9, (x, b)= e(a”ﬁx)uo (x,t)

0, (x, = e +'3"‘)110 (x, t)
= Hr+Bx) > (1]

B (x,0)=e®*Py (x,1)

B, (x,)= ™ )y (,1) |

and obtain;

’ (13)
4 (5,0)=, u, (0.1)=0, 4, (1:)=0

: 1
here ¢ e Ske A =—P u
4P,b,,,,u | B 2
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v, (x,0)=e*, v, (0,6)=0, v,(1,£)=0

S

1
25 =—_4-})eu2’ Py :"2‘Peu

ot 3 e ax’ R, ov. Ou Ov
+Bu, =2+ —2 2
Oox Ox Ox

ou, 1 %y 1
+

U, (x,0)=0, u, (O,z‘)=0, u, (1,t)=0

O, Lokl
o P ox’

v (%,0)=0, v (0,£)=0, v, (1,t)=0

2
ou,

([32 + BB, )uovo +((2B + B1)V ou, j

° ox?

oy t+Pyx

5

Using eigenfunction expansion method by Myint-U and Debnath, (1987) as follows

Camo )
ot ox*

u(x,0)=f(x), u(O,z‘)=O, u(L,t):O

we assume

u(x t) Zu (t)sm——x

n=1

Where,

u, (t) j { A(M] J(H)F" (‘t )d‘c +be

(14)

(15)

(16)

(17)

(18)

(19)
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wher€
S 2

-— K =—, A= (1-(21)"¢ :
2 B nm ( l)eﬁ)’ A':[H : ],

e (mt )2

2
Y 2 g 1*(«1)”.«3“‘1)
= =D 3 A = nn 2
4 1 c=D,(nm), 4, T’CI:KI (nm),
IO L) U
(IITC)Z}

4,= A4y, As = ((B2 & BB1)_(’T7T )2) il 2((2[3 + Bl)mt + Bm‘c)

- 1 3€B' (flT[ )3 (_1)3n +36Bln1tl312 (_1 3n
7 2 g
(9()17[ ) +10(rm[31 )2 +B,* ) =9eM (nm )3 (=1)' —3ch mmp,? )

e’ (nn ) B, (=1)" +€"p;? (19

1
4= 2 2 3eP (n’rc )2 B, (_l)n —ehp;’ (_1)" E
9(nm ) +10(nmp, ) +B,* 2
CESETCVET) i
- 1 3eh (mt )3 B, (—1)3" +3ePnnp,? (—1)3'I
O0m Y +10(mmp, § +B,* ) ~2¢" (mn )B (-1Y =3 (rm ) ~nmp? )
AIOZ(A5A7+A6A8_A9)’ sz(c"'cl _al)’ All:(c—cz) /

The computation were done using computer symbolic algebraic package MAPLE 17 to generate
the graphs,

Results and Discussion i T T S : ;
The system of partial differential equations describing diffusivity in convective drying of food

Material are solved analytically. The numerical values of temperature (9 )and moisture

Concentration (d))are computed for different parameters such as: Peclet energy number, Peclet
Mass number and reference velocity and depicted gr EEBEiiE theyespective discussions.
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Figure 1: Graph of temperature © (x,t) against xat various  values of

a=001, u=1,P =1

em

Figure 1 depicts the graph of temperature 0 (x,t) against distance for different value:

energy number (R,) It is observed that, the temperature increase and later decrease

distance and the maximum temperature increases as Peclet energy number increases.

8(x.1)

Figure 2: Graph of temperature @ (x,t) time
=001 w=1 P =1

em
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Figure ) presents the graph of temperature 0 (x,t) against time for different values of Peclet
energy nummber (Pe ) It is observed that, the temperature increasc and later decreasc with time and

nereases as Peclet energy number increases.Figure 3: Graph t of moisture concentration ¢ (x, t)

;ainst X at various values of P when @ =0.01, u=1, P =1

Figure 3 shows the graph of moisture concentration ¢ (x,t)against distance for different values

of Peclet mass number Pem). It is observed that, the moisture concentration increase and later
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Conclusion

The effect of Peclet energy, Peclet 7 tive
. e nvecttVv
and reference velocity on diffusivity 1n €0

; he
drying of food material is coqsxdcreg.l csrl;lre
temperature and moisture concentration pro
obtained and shown through the grap
the above, the following conclusionsarc!

et mass numbers

nade:

umber enhances

' P t n
(1) eclet energy i offect on

temperature and has
moisture concentration. '
(i1) Peclet mass number enhances moistureé
concentration and has little or no effect on
temperature.
(iii) RetPerencc velocity reduces both
temperature and moisture concentration

It is evident that an increase in temperature greé}ﬂy
increased the drying rate and accelerate dehydration
rate of moisture content in food material. However,
peclet mass number has a negligible impact on
temperature.
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