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Figures of Dryer Machine
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Simulation Program
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function [output_Drying] = Mathmodel(input_Drying)
clc '
clear all i

fprintf(' ***Mathematical model of energy consumption by New Model ***\n\n'")

fprintf("Enter the weight of dry chili. (kg)\n")
HOLDUP = input("') .

fprintf('"Enter temperature drying. 50,60,70,80,90,100.( C Degrees.)\n')
TMIX = input(' ")

fprintf('"Enter hot air velocity 4, 5, 6(m/sec)\n")
v =input('") I

Wf1 _data(100)=zeros;
error_data(100)=zeros;

\

format long

% number of layer for chili
n=3; ,

%Fraction of recycle air, decimal
RC=0.7;

%Moisture from the chili, %6Wb
Min = 72.98 ;

%Moisture from the pepper. %Db
Min d =270.2;

% Density of dry air based heat transfer books Assoc. Sunan professor at the general
frequently Appendix Table .1 %%%

p_(100)= zeros;
p_(50)=1.0585;
p_(60)=1.025;
p_(70)=0.9965;
p_(80)=0.968;
p_(90)=0.942;
p_(100)=0.916;
pa = p_(TMIX);

% Calculated mass flow rate negative air dry from the equation. %
% MIMIX = pa*A*v
MMIX = pa*0.3*v;
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%Calculated mass flow rate negative air dry each layer from the equation.
%MMIXX = MMIX/n
MMIXX = MMIX/n;

%Calculated saturated vapor pressure (PVS1) and moisture prior to drying machines
(WI).

%******Wet bulb temperature environment, ¥ ¥k &% %k %kx

TWB =23;

T =TWB+273:15;

%******Dry bulb temperature environment, * ¥k ok k k ok ok

Tl =27,

PVS1 = exp(-7511.52/T+89.63121+0.02399897*T-0.000011654551*(T"2)-
0.000000012810336*(T"3)+2.0998405E-11*(T"4)-12.150799*log(T));

«

WWB =(0.62189 * PVSI) /(101.325 - PVS1);
WI =((2501 - 2.411*TWB)*WWB - 1.006*(TI - TWB))/(2501+(1.775*TTI) - (4.186
*TWB));

%€ Calculate the rate of heat loss to the drying room environment Q1 (kW). From eq.
% Q1 =UA(T1-T2)

% Ql= T1-T2

. . S

% R

% Where R = R1+R2+R3

% = (1/h1*A)+H(x/k*A)+(1/h2*A)

% Where Q1 The rate of heat loss to the environment, kW

% A is Surface area of contact with the fluid material, m2
% R is Resistance of heat, K/'W

% U is Heat transfer coefficients, W/m2.K

% T2 is Temperature of the external environment ,K

% T1 is Fluid temperature in the drying room. , K

% k is Coefficient of conduction heat transfer, W/m. K
% h is Coefficient of convection heat transfer, W/m2.K
% x is Thickness of the material. , m

T1 = TMIX+273.15; % K
T2 =TI+273.15;% K
Q1 =((T1-T2)/0.08356)/1000; %kW
%mean residence time (min)
%Enter the rate of pepper drying machine can do that, F (kg / min)
F (50,4)=0.000617284;
F (50,5)=0.000641026;
F (50,6)=0.000740741;
F (60,4)=0.000952381;
F (60,5)=0.001190476;
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F (60,6)=0.001282051;
F (70,4)=0.002380952;
F (70,5)=0.003030303;
F (70,6)=0.003333333;
F (80,4)=0.003703704;
F (80,5)=0.005555556;
F (80,6)=0.005555556;
F (90,4)=0.004444444;
F _(90,5)=0.006666667;
F (90,6)=0.006451613;
F (100,4)=0.005882353;
F (100,5)=0.006060606;
F (100,6)=0.0078125;
F=F (TMIX,v);
% Calculation time in \drying.

tm = HOLDUP/F;

WF1_assume = 0.02;

Wfl =0.02;

Tf1=0;

sum = 0;

sum_plot = 0;

eITor = ZEeros;

fprintf('interation Wil Wmix Tf1 error\n\n')
tic

fori=1:200

sum = sum +1;
WF1 _ assume= Wfl ;

Wmix = (1-RC)*(WI)+HRC*WF1_assume);
PV =(1.608*101.35*Wmix)/(1+1.608* Wmix);
Tt =TMIX +273.15;

PVS = exp(-7511.52/Tt+89.63121+0.02399897*Tt-0.000011654551*(Tt"2)-
0.000000012810336*(Tt"3)+2.0998405E-11*(Tt"4)-12.150799*log(Tt));

% Relative humidity of air.
RH =(PV/PVS);
% At a constant moisture ratio.(zMR)
a= (-47.095+15.209*v-1.165*v*)+(2.077-0.0.597*v+0.039*v?)*(TMIX)+
(-0.036+0.0095*v-0.0005*v?)*(TMIX)*+
(-0.0013+0.005*v+0.0000509*v?)*(TMIX)*+(-0.0000002959-
0.000000026*v+0.0000000156*v?)*(TMIX**
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b=(2.99132546701843-0.746229*v-0.11406*v*+0.024169* v>)+(-
0.142127+0.035141*v+0.005389813*v>-0.001135872*v*)*(TMIX)+(0.0021743 86-
0.0005326006*v-0.00008198511*v>+0.00001717934*v>)*(TMIX)*+(-
0.00001052382+0.000002546052*v+0.0000003936461*v>-
0.00000008197816*v*)*(TMIX)>;
k=(0.454352-0.20537*v-0.027942*v*+0.006347248*v>)+(-
0.032257+0.011679*v+0.001646336*v*-
0.0003675399*v?)*(TMIX)+(0.0006599558-0.0002093156*v-
0.00003027004*v*+0.000006655843*v>)* (TMIX*+(-
0.000003922427+0.000001167118*v+0.0000001712001 *v*-
0.00000003723841*v*)*(TMIX)® ;

fori=1:n
. tLZ(tm/ 10)/HOLDUP;

MR(1) = a*exp(-(k*t/1)/(1+b*1/1));%After drying moisture
ratio, decimal.

Mt(i) = (MR(i))*(Min-2.3)+2.3;%Moisture after drying each
layer (last layer to the first layer),% wb
hpi(i)= ((-Min_d /((Mt(i1)/100)-1))*HOLDUP); %Weight of pepper each
layer after drying, g.
tmi(i)= tm/i; %Chilli time in drying rooms each layer.
fprintf('%d %d  %d %d %d\n',sum,Wfl,Wmix, Tfl,error)
end

fprintf('mean residence time = %6.2f Minutes.\n',tm)

Wfl data(sum) = Wfl;
error_data(sum)=error;

% Calculate the ratio of dry air mass and dry mass of pepper.

% From Eq.
% hpi [kg]
% R = e

% MMIXX*t [kg/s][s]
R = (HOLDUP/n)/((MMIXX*tmi(n)*60);

% Calculation of air humidity ratio for each layer, decimal
WF1 = R*(Min-Mt(3))+Wmix;
WF2 = R*(Mt(3)-Mt(2))+Wmix;
WEF3 = R¥(Mt(2)-Mt(1))+Wmix;

Wfl = (WF1+WF2+WF3)/3;
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%Average outlet temperature at drying chamber, Tfl ,( C)
Tmix = TMIX+273.15;

% Latent heat of vaporization of water
h fg=2502; % kJ/kg

% Specific heat of water vapor
Cv =1.88; %klkgK

% Specific heat of chili
C pw=252.7; %kl/kgK

%Specific heat of dry air.
Ca =1.006; % kJkgK

TF1 = ((((-QI/MMIXX)+(Ca* Tmix)H Wmix*(h_fg+Cv*Tmix))-
(WF1*h_fg)+(R*C_pw*Tmix))/(Ca+(WF1*Cv)+(R*C_pw)))-273.15;

TF2 = (((-Q1/MMIXX)+(Ca* Tmix)H(Wmix*(h_fg+Cv*Tmix))-
(WF2*h_fg)+(R*C_pw*Tmix))/(Cat(WF2*Cv)+(R*C_pw)))-273.15;

TF3 = ((-Q1/MMIXX)+(Ca* Tmix)+H(Wmix*(h_fg+Cv*Tmix))-
(WF3*h_fg)+(R*C_pw*Tmix))/(Ca+(WF3*Cv)+(R*C_pw)))-273.15;

Tfl = (TF1+TF2+TF3)/3;

% Comparative values of random error values. WF1_assume
error = abs(WF1_assume- Wfl);
% Calculate heat loss at recycle air pipe.
% The heat loss at recycle air pipe. Q2 (kW)
%Pipe from the chamber and length. 1 = 4 m.
%Outside diameter.d 0=0.1016 m.
%lInside diameter. d 1 =0.1004 m.

%

%Rate of heat transfer values. Tf1 -TI

% q= W)

% 1 In(ro/ri) 1

% + +

% hei*2%pi*ni*]l 2"p"k*l  heo®2%pi"ro”]
% Where

"% he,i is Coefficient of convection heat transfer force. he,i =200 W/m2.K Heat
transfer from the reference book, Assoc. Sunan professor at the general often from
Table 1.2 page 16.

% hc,0 is Coefficient of convection heat transfer. hc,o0 =25 W/m2.K Heat
transfer from the reference book, Assoc. Sunan professor at the general often from
Table 1.2 page 16.
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%  k is Coefficient of conduction heat transfer of stanless steel pipe. k =14.4
W/m.K, Heat transfer from the reference books Assoc. Sunan professor at the
General often from Table 2.

%

Q2 =((Tf1 -
TD/((1/(200*2*pi*0.0502*4))+(10g(0.0508/0.0502)/(2*pi* 14.4*4))+(1/(25*2*pi*0.05
08*4))))/1000;

if RC ==

T2 =%I;

else

T2 =((-Q2/(RC*MMIX) + Ca*(Tf1+273.15) + Wf1*Cv*(Tf1+273.15))/(Ca
+ Wf1*Cv))-273.15;

end

% Presesure drop drying system(kPa)
dp (100,6)=zeros;
dp _(50,4)=0.47;
dp (60,4) = 0.46;
dp (70,4)=0.45;
dp (80,4)=0.43;
dp (90,4)=0.39;
dp_(100,4)=0.38;
dp (50,5)=0.84;
dp (60,5)=0.72;
dp (70,5)=0.65;
dp_(80,5)=0.63;
dp (90,5)=0.58;
dp (100,5)=0.58;
dp_(50,6) =1.03;
dp_(60,6)=1.01;
dp (70,6) = 0.98;
dp_(80,6) = 0.96;
dp_(90,6) = 0.92;
dp (100,6)=0.91;
dp =dp_(TMIX,v);

%Equations for the mixed air temperature and air flow to the environment before
entering the blower.

TX =((1.006+1.88* WI)*(1-RC)*MMIX*TI+2502* WI*(1-
RC)*MMIX+(1.006+1.88* W1 )*(RC*MMIX)*Tf2+2502* Wl *RC*MMIX-
2502*MMIX* Wmix)/((1.006+1.88* Wmix)*MMIX);

%Calculated temperature from the blower., TB (C)
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%Motor performance. = 85%
TB = ((TX+273.15)+dp/((pa*0.85)*(Ca+Cv*Wmix)))-273.15;

%*** Rate of power consumption thermal heater. QH (kWh) **¥*¥¥¥x%

%QH = Qloss + MMIX*(Ca+(Cv*WMIX))*(TMIX-TB);

%Insulating sheet are not well thought of losing heat. Qloss = 0 , Air density
values of 0.2934 (kg/m3 ) To heat the Lockheed Martin Potter. 1200 K Heat transfer
from the reference books Assoc. Sunant professor at the general often from
Appendix.

QH =0.2934*0.1243*v*(1.006+1.88* Wmix)*(TMIX-TB)*(tm/60);

%****Calculate the power consumption of fan Ws (kWh)
(9

Ws = dp*MMIX/(pa*0.85)*(tm/60);
%****Energy Consumption (kWh)******************
E = QH+Ws;

% Cheak error abs[ WF1_assume-WF1_mean] < le-6
if error < 0.000001

fprintf('
‘\n')

fprintf('Moisture after drying. Tfl Tf2 Tb Qh Ws Energy
consumption\n") .

fprintf(' %6.2f Wb %6.2f C %6.2f C %6.2f C %6.2f kWh %6.2f kWh
%6.2f kWh\n\n', Mt(1),Tf1,Tf2,TB,QH,Ws,E)

break

end
end
toc
hold on
title('Graph TRIAL ERROR (New Model 2)")
ylabellERROR DATA")
xlabel("Wfl assume DATA")
plot(Wfl_data,error_data,'m")
grid on
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Diffusion coefficients and Activate Energy
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The calculation of diffusion efficient and activate energy
~ In this work, assumption was that water moves out in the direction of

radial and chili was an isotropic solid and was in a form of short cylindrical shape.
The moisture was transfer by liquid diffusion and the shrinkage was negligible during
the drying. The diffusion efficient depend on the quantity of moisture and the reduce
of volume was negligible, thus the equatiAon of diffusion moisture from Fick’s second
law can be written by: '

%\’I =DV’M (C.1D

The above equation was developed by Crank(1975) for many shape of
materials such as cylindrical and spherical. Drying food products such as paddy and
grain were predi::ted“by Fick’s second law, which the moisture diffusion depended on
Arrhenius-type temperature for cylindrical materials. The diffusion coefficient of
moisture at any temperature of drying can be determined from Eqns. (C.4) and can be

written in linear equation in equation (C.5). The change of moisture ratio of chili can

be showed as:

MR = %expt_—ﬂi—?e—ﬁt) (C.2)
InMR = ln(iz)—(L?"ﬁ)t : (C.3)
A 2
where: MR = Moisture ratio, decimal
Dy = diffusion coefficient of moisture(m?/s)
I, = cylindrical radial of chili(0.0163 m, from experiments)
Y2 = root zero order of Bessel function(2.4048, Heat and

mass transfer, Kurt C. Rolle, 2000)
t = drying time, s
The diffusion coefficient of moisture can be determined by the slope of

Eqgns.C.2 which showed following equation.

2
D
K, = A 2eff (C.4)

I
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The diffusion coefficient of chili depended on the temperature of drying more
than the humidity of air. So, Arrhenius(2000) developed the equation for calculate the

diffusion coefficient as:

D, 4 = Dgexp (%) (C.5)
where D, = initial constant of diffusion coefficient,(m?/s)

k., = activate energy of diffusion,(MJ .kg/mol)

R = gas constant(8.314 x 10~ MJ.kg/mol.K)

T = relative temperature(K)

And from Egns.C.4 can be revised that showed in this following

1 [
equation. i

InD 4 =1InD, (%—](%) (C.6)

D, and E, can be determined from the relation between InD, and

(%) that showed in linear equation and (%—) was the slope of graph.

Results of The diffusion coefficient and activate energy

The moisture diffusion coefficient at any temperature of chili drying were
determined by the equation of Crank(1975) for shape of material as cylindrical.

And the actual values were analyzed to compare values as follows.
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Table C.1 The moisture diffusion coefficient at the temperature range 50 °C to

100 °C and velocity of hot air from 4 to 6 m/s.

Temperature Effective Moisture Diffusivity , D (m?/s) |

O 4 m/s 5 m/s 6 m/s
50 1.3118E-9 1.3330E-9 8.4181E-10
60 1.943E-9 2.4238E-9 1.1744E-9
70 4.2452E-9 4.5942E-9 5.4214E-9
80 7.3098E-9 9.3955E-9 6.3930E-9
90 ' 1.0243E-8 1.3280E-8 7.6073E-9
100 \ 1.3782E-8 1.5197E-8 1.074E-8

Temp.(' o)

Figure C.1 The effective moisture diffusivity on drying temperature of 50, 60, 70,
80, 90 and 100°C and drying air velocity of 4, 5 and 6 m/s

Diffusion coefficient and activation energy: Chili’s diffusion
coefficient(Table C.1 and Figure C.1) would be changed by the temperature and
drying air velocity of the drying process which stayed in a range of 1.3118E-09-
1.3782E-08 m?/s, 1.3330E-09-1.5197E-08 m*/s and 8.4181E-010-1.0740E-08 m®/s.
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The effective moisture diffusivity of 50, 60, 70, 80, 90 and 100°C and drying air

velocity of 4-6 m/s can be written as following equations:

Deff = 0.34749exp(-6237.24985/Tabs)

(C.7)
Deff abs D = 0.14262exp(-5981.47279/T) (C.8)
Deff = 0.424045exp(-6439.97646/Tabs) (C.9)

Table C.2: Equations for moisture diffusion coefficients of Arrhenius(2000).

Fick’s equation R’ Adj. R? SSE
g D, =0.14262exp(-5981.47279/T,, ) | 0-9833 | 0.9791 0.0732

v (m/s) 5| Dy = 034749 exp(-6237.24985 /Ty, ) | 0-9733 | 0.9667 0.1283
6 “| D, =0.424045exp(-6439.97646/ T, )| 0-8898 | 08623 0.6180

Table C.3: The activation energy at the temperature range 50 °C to 100 °C and
velocity of hot air from 4 to 6 m/s.

Air velocity (m/s) Activation energy, E,( MJkg/mol )
4 49.72996484
5 51.85649527
6 53.54196435
-19.0
195 - v=4m/s
= -20.0
“E 205 - 4
¥ 210
= 215 -
S
-22.0
‘22.5 T T T T T
.0026 .0027 .0028 .0029 .0030 .0031 .0032
1/T(K) '

Figure C.2 The Arrhenius relationship between the effective diffusivities and

temperature on drying air velocity of 4 m/s
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-19.0
195
2 -20.0 1
"E 205 -
-21.0
= 215 1
-22.0 ®

225 . - r : : :
0026 .0027 .0028 .0029 .0030 10031 .0032

1/T (K)

Deff (

Figure C.3 The Arrhenius relationship between the effective diffusivities and

temperature on drying air velocity of 5 m/s

-19.5
-20.0 A o
-20.5 A
-21.0 A
-21.5 A
-22.0 A
-22.5

-23.0 T T T T T
.0026 .0027 .0028 .0029 .0030 .0031 .0032

/T (K)

In deff (m /s)

Figure C.4 The Arrhenius relationship between the effective diffusivities and
temperature on drying air velocity of 6 m/s

The activation energy could be described based on Eq.C.6. The Fig.C.1
showed the increasing of the effective moisture diffusivity when drying temperature
and drying air velocity increased. The result of the correlation graph between (InDeff)
and (1/Tabs) as shown in Fig.C.2,C.3 and C.4, the time (h) on drying air velocity of 5
m/s obtained activation energy of diffusion(Ea). This.was calculated as 49.7299,
51.8564 and 53.5419 MJkg/mol on 4-6 m/s of drying air velocity, respectively. Thus,
the air velocity affected the change of chili’s activation energy. Therefore, this study
can be concluded that the increase of drying air temperature and drying air velocity

affected on the increase of the effective moisture diffusivity



Appendix D
Results of R, Adj. R?, SSE and SE
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Table D.1 shows the empirical constant, R?, Adj. R* and SSE of the six model

at drying air velocity of 4 m/s

Temp. R? Adi. R?
j. R SSE
Model . Model constant (Model) | (Model) | (Model)
Henderson 50 |a=1.185and k=0.011 0914 0913 1.394
60 " |a=1.150and k=0.023 0.963 0.962 0.405
70 |a=1.151and k=0.046 0.955 0.953 0214
MR = ae Xt 80 [a=1.152and k=0.065 0.918 0.912 0.221
90 |a=1.146and k=0.091 0.932 0.926 0.162
100, [a=1.146and k=0.130 0.942 0.935 0.125
1= a=114.71, k = 0.00006 and
Logalithmic 50 0.986 0.986 0.227
n=-113.648
a=1.235k =0.0180and
60 0.952 0.952 0.512
n=-0.144
70 o 0.976 0.976 0.115
MR = ae(-kt) +n n=-0.428 : ' \
a=108.246, k = 0.000and
80 0.990 0.990 0.028
n=-107.189
a=3.737,k = 0.015and
90 0.985 0.984 0.037
n =2.680
a=1.658,k = 0.060 and
100 0.975 0.973 0.054
n=-0.579
Lewis 50 |k=0.090 0867 | 0866 | 2.158
60 |k=0.020 0.938 0.937 0.670
. 70  |k=0.040 0.926 0.924 0.352
MR =e¢
80 |k=0.055 0.882 0.878 0.319
90 |k=0.078 0.902 0.898 0.234
100 |k=0.113 0.916 0911 0.180
Wang and Singh | 50 [a=-0.005and b=-0.00001 0.982 0.982 0.290
60 |a=-0.016and b=-0.000067 0.970 0.970 0.323
MR =1+at+bt2| 70 |a=-0.029and b=0.000 0.970 0.969 0.142
80 |a=-0.029and b=0.000 0.989 0.987 0.031
90 |a=-0.048and b=0.000061 0.983 0.982 0.041
100 |a=-0.079and b=0.001 0.970 0.968 0.063
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Table D.1 Shows the empirical constant, R?, Adj. R? and SSE of the six model at

drying air velocity of 4 m/s(Cont.)

Temp. R’ Adj. R? SSE
Model ©0) Model and constant (Model) | (Model) | (Model)
’ a= 29249, k = 0.000,
s o 50 098 | 098 | 0224
b=-28.188and c=0.000
a=51.113,k=0011,
60 0972 | 0971 | 0299
b=-50.007and c=0.011
a=79.19500, k = 0.093,
MR = aexp(-kt) 70 y 0993 | 0992 | 0034
5 b=-75241and c = 0.094
exp(-ct) T 1a=11245,k=-0.002,
80 . 0991 | 099 | 0.026
b=-10.204and ¢ =-0.005
a—14.508, k = 0.001,
90 0987 | 098 | 0.031
b=-13.454and c =0.007
a=21.604, k = 0.036,
100 0976 | 0970 | 0.052
b=-20.524and c =0.033
Aghabashloet | 54 | =0,004and k, =-0.005 0992 | 0992 | 0.127
al.,
60 |k, =0.014and k, =-0.006 0973 | 0973 | 0289
| 70 [k, =0024and k,=-0.014 0980 | 0980 | 0.096
Kt
el e( Ikt 80 [k, =0.026and k, =-0.030 0996 | 099 | 0012
90 |k, =0.039and k, =-0.036 0993 | 0993 | 0016
100 |k, =0.057and k, =-0.05 0987 | 098 | 0.027
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Table D.2 Shows the empirical constant, R?, Adj. R? and SSE of the six model

at drying air velocity of 6 m/s

Temp. R? Adi. R?
j. R SSE
Model s Model constant (Model) | (Model) | (Model)
Henderson 50 ja=1.034and k=0.009 0.927 0.926 | 0.495
60 |a=1.077and k=0.016 0.954 0.953 0.207
70 |a=1.120and k=0.053 0.930 0.925 0.177
MR = ae-kt
80 |a=1.098and k =0.067 0.934 0.927 0.088
90 |a=1.076and k=0.081 0.944 0.937 0.062
f00 Ja=1.057and k=0.119 0.979 0.976 0.021
T a=297.925, k = 0.00002 and
Logalithmic 50 0.981 0.981 0.128
n=-296.942
a = 184.390, k = 0.00006 and
60 0.997 0.997 0.015
n=-183.377
1 63.083, k = 0.001and A s o
MR = ae(-kt) +n " |n=-62.049 . ; '
a=167.059, k = 0.000and
80 0.990 0.989 0.014
n=-166.016
a=128.772,k = 0.000 and
90 0.992 0.991 0.009
n=-127.754
a=1.962,k = 0.044 and
100 0.996 0.996 0.004
n =-0.953
Lewis 50 |k=0.008 0.923 0.922 0.521
60 |[k=0.015 0.937 0.936 0.283
. 70 |k=0.046 0.903 0.900 0.246
MR =e
80 |k=0.058 0.908 0.903 0.122
90 |[k=0073 0.928 0.924 0.080
100 |(k=0.111 0.971 0.969 0.029
Wang and Singh | 50 |a=-0.05and b=-0.000005 0.984 0.984 0.110
60 |a=-0.009and b=-0.000018 0.999 0.999 0.007
MR =1+at+bt2| 70 |a=-0.027and b=0.000 0.982 0.981 0.046
80 |a=-0.031and b=0.000 0.995 0.995 0.007
90 |a=-0.044and b=0.000 0.994 0.994 0.006
100 |a=-0.083and b=0.001 0.996 0.996 0.004
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Table D.2 Shows the empirical constant, R* , Adj. R? and SSE of the six model

at drying air velocity of 6 m/s(Cont.)

Temp. R? Adj.R? | SSE
Model ©C) Model and constant (Model) | (Model) | (Model)
a=67.049,k =0.019,
Ay e 50 0969 | 0968 | 0211
b=-66.146and ¢ =0.019
a—=145.261,k =0.035,
60 0991 | 0.991 | 0.038
b=-144318and c=0.035
a—12.386,k = 0.001,
MR = aexp(-kt) 70 0983 | 0.981 | 0.043
b=-11.356and c=-0.002
Thegcet) a—7.292,k = 0.009,
. 80 0.995 | 0.994 | 0.007
b=-6.282and c=-0.016
a=5.724, k = -0.005,
90 0.994 | 0.992 | 0.006
b=4.728and c =-0.015
a=4.256,k = 0.033,
100 0996 | 0.994 | 0.004
b=-3.248and c=0.016
Aghabashlo et al., | 50 |k, =0.010and k, =0.000 0.981 0.981 0.129
60 |k, =0.009and k,=-0.008 0.998 | 0.998 | 0.008
70 |k, =0.025and k, =-0.023 0988 | 0988 | 0.031
( _“1‘_)
R o ot 80 |k, =0.031and k, =-0.025 0.996 | 0.996 | 0.006
90 |k, =0.042and k,=-0.039 0.995 | 0.995 | 0.006
{ 100 [k, =0.079and k, =-0.034 0.996 | 0.996 | 0.004
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Appendix E

Results of moisture ratio with bed thickness



133

B2 cm-8°C
A3 cm-80°C
©4cm-80°C
@5 an-80°C
=2 cm-90°C
A3 cm-90°C
®4cm-9°C
*5 cm-920°C
O2cm-100°C
A3 cm-100°C
O4 cm-100°C
OS5 an-100°C
=NMR=0.15

Moisture Ratio(MR)

0.100

0.000 v -
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 500 5.50 6.00 6.50 7.00
Time(hours)

Figure E.1 The change of moisture ratio with drying time on hot air velocity of

4 m/s at bed thickness of 2, 3,4 and 5 cm
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Figure E.2 The change of moisture ratio with drying time on hot air velocity of

5 m/s at bed thickness of 2, 3,4 and 5 cm
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Figure E.3 The change of moisture ratio with drying time on hot air velocity of

6 m/s at bed thickness of 2, 3,4 and 5 cm
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The change of moisture ratio with drying time on hot air velocity of

4 m/s at bed thickness of 2 cm
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Figure E.5 The change of moisture ratio with drying time on hot air velocity of

5 m/s at bed thickness of 2 cm
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Figure E.7 The change of moisture ratio with drying time on hot air velocity of

4 m/s at bed thickness of 3 cm
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Figure E.8 The change of moisture ratio with drying time on hot air velocity of

5 m/s at bed thickness of 3 cm
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Figure E.9 The changed of moisture ratio with drying time on hot air velocity of

6 m/s at bed thickness of 3 cm



1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Moisture Ratio

136

BB0°C
A0 °C
€100 °C
-NR=0.15
e
00005 10 5. 20 25030 B85 4.0 45
Time(hours)

Figure E.10 The change of moisture ratio with drying time on hot air velocity of

4 m/s at bed thickness of 4 cm
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Figure E.12 The change of moisture ratio with drying time on hot air velocity of

6 m/s at bed thickness of 4 cm
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Design Procedure

From the data could be design continuous chili dryer using fluidized bed technique as
following:

1. The quantity of water was evaporated from chili could be define as
follow(M  ):

(100-M,)
LT = v )
(100-My)
Where:
W, = Einal weight of chili, kg
M, = Initial moisture content by decimal = 0.73 or 72.98% on wet basis,

W, = Initial weight =1 kg

M, = Final moisture content(moisture content standard of dried chili,
Thailand) = 13%

Substitute W, = 1 kg, M, = 72.98 % and M, = 13%, into Equation(1)

(100-72.98)

We = (k)= 150 1)

0.31 kg

The quantity of water evaporation from chili 1 kg shown that

M, =W -W, (2)
substitute W, = 1kgand W, =0.31 kg into Equation(2)

M, =1.0-0.31=0.69 kg

Also, quantity of water was evaporated from chili(1 kg) equal 0.69 kg.

If W, =10 kg quantity of water was evaporated from chili = 6.9 kg

(2) Caiculate the rate of water evaporation from above water evaporation can be

show as following( I\./IW )

2.1 Experiment chili(1 kg) drying at drying temperature of 80, 90 and 100 °C
in Oven dryer (3 sample for each drying temperature)
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2.2 Determine average drying time from all experiment which the final
moisture content nearly 13% on wet basis

2.3 Investigate the chili’s physical characteristics would turn into red, flat and
shiny, crispy and no burning smell.

2.4 The results from experiments found that average drying time equal 2 hours
30 minute or 150 minute at drying time of 90°C.

'.' MW = \'Ni (kg) (3)
time(s)

v, — 0:69(ke) _

7.67 x 10” kg-water/s
9000(s)

If initial weight W, =10 kg rate of water evaporation( M. )=7.67x10" kg-
water/s

(3) Calculation the rate of hot air for drying could express as following:

M 4)

Where :

M. = rate of hot air for drying(kg-air/s)

M. = rate of water evaporation(kg-water/s)

M; = moisture ratio of air before drying(kg-water/kg-dry air)
M, = moisture ratio of air after drying(kg-water/kg-dry air)
Assume:

- dry bulb temperature of 30°C and 90°C
- Relative humidity of 70% and 10% RH

From psychometric chart(Soponronnarit, 1997, P29)
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From psychometric chart(Soponronnarit, 1997, P29)

At dry bulb temperature of 30°C and 70%RH-- the moisture ratio of air
before drying(M, ) equal 0.02 and at 90°C and 10%RH, M_ =0.048

Substitute (Mw )=17.67 x 10 kg-water/s, M. =0.02 (kg-water)/kg-dry air and
M, =0.048 (kg-water)/kg-dry air into Equation(4)

_ 7.67x10°

a = m( kg-water/s)/(( (kg-water)/kg-dry air ))

. Rate of hot air for drying, M.= 2.739x10° kg-dry air/s

3
If initial v{/eight W, =10 kg rate of hot air for drying,Ma =2.739x 107 kg-
dry air/s

(4) Calculation drying air flow rate of hot air can be express as equation(5):

.M

Qalr = 2 (5)

Qm, = drying air flow rate of hot air, m’/s

P..= density of hot air, kg/m” : = 0.9627 kg/m® ,Cpiain= 1.0103 kJ/kg K( 90
°C, Fundamentals of Heat and Mass Transfer, Frank et.al., 1996, P839)

: 2.739x10° : ”

. =—————— (kg-dry air/s)/(kg/m
Qi 0.9627 (kg-dry air/s)/(kg/m”)

. Q,, =2.845x107 m¥/s or 0.002845 m’/s( W, =1 kg)

If initial weight W, =10 kg ,drying air flow rate,

Q,, =10x2.845x10° =2.845x10” m>/s or 0.02845 m’/s

Then, select blower within condition of Q >0.02845 m’/s for chili drying 10

air

kg

The blower was selected was TB30 series Q =2500 m’/s or = 0.69 m’/s.

ma;
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Also, this study use blower TB30, Vent type, for drying chili 10 kg that air
flow rate

Q,. >0.02845m’/s

(5) Determine physical properties of chili:

Specific heat of chili can be calculate from empirical equation(Siebel’s 1982)

Cp=0.837+3.348M, (8)

Substitute M, = 0.73 into Equation(1) that can be show following;

3

Cp =0.837+3.348(0.73)

Also, specific heat of chili(Jinda type), Cp=3.28 kJ/kg.K

(6) Density of chili

6.1 Determine weight of the chili container as shown in Figure F.1

Figure F.1 Chili container

6.2 Determine weight of the chili as shown in Figure F.2
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‘ Figure F.2 Shows the chili weighing
6.2 Fill the water into chili container as fully fit.

6.3 Weighing chili and water as shown in Figure F.3

Figure F.3 Shows the chili and water weighing

(7) Void fraction can be determine as Equation(9):

Find by replacing the liquid in cylindrical containers-- radius of 6.5 cm. height
of 7 em.



V.
£= water 9)

Vrotal
Where: € = void fraction of chili(dimensionless)

V___ =average volume of water used to fill in the container(477.83 cm”)

water

V.., = total container volume, 929.12 cm’

Substitute V. and V into Equation(9)

water

_ 477.83

~0.514
929.12

Also, void fraction; £€=0.514

(8) Spherically of chili particle;

1
¢_14(S3) (10)

: I
S P=—— =052
¢ 14(0.514%) g

Also, spherically of chili particle, @ =0.526

(9) Density of fresh chili can be determined as following:

Wp
Pr=3" (an
ap
Vap = Vlolal * (] _8) - (12)

Substitute, V= 929.12 cm® and &€ = 0.514 into Equation(12) and found

total

V,,=929.12 x (1-0.514) = 451.55 em’

Replace W, =381.37 gand V,_=451.55 cm’ into Equation(11) found that



38137
451.55

P, = 0.844 g/em’ = 844 kg/m’

.". density of fresh chili, 0, = 844 kg/m’

Where

P, = density of fresh chili, kg/m’

V,, = average volume of fresh chili, em’(451.55 cm® )
W, = average weight of fresh chili, g(381.37 g.)

(
(10) Minimum velocity and terminal velocity in fluidization of chili

(10.1) Minimum fluidization velocity (U ;)

From Equation of Kunii and Livenspiel[1991]:

145

In this study the author assume : temperature of hot air of 1200 K because

high temperature or temperature increase as well as the viscosity of hot air

increase(Kitti,2004):
- Viscosity of hot air, ££=473.00 x 10”7 N.s/m’
- Gas density, 0, =0.2902 kg/m’
3 . i o2
e P, -P Py’

_ mf
L

U =
mf  ygo(1-€ )
mf

(0.514)°  (844-0.2902)(0.526 x9x107)>(9.81)

mf  180(1-0.514) 473.00x10°

", U g = 6.09 m/s

Also, minimum velocity for Fluidization of chili= 6.09 m/s

(ﬁ = sphericity of particle

€, = bed voiding at minimum fluidization
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,OgZ gas density, kg/m’
= dry particle density, kg/m’
p

JL= viscosity of hot air, kg(m.s)'

(10.2) Terminal velocity (U, )

U, =84U ¢ (14)
U, = 8.4x6.09

3

. U, = 51.16 m/s

Also, terminal velocity for Fluidization of chili= 51.16 m/s

(11) Calculation rate of heat transfer for fluidization drying process from
following:

Qmm:ngmfACa(rri-To) (15)

Substitute p, =0.2902 kg/m*, U_. = 6.09 m/s, A =0.3m’, C, = 1.175 and
(T, - T, )= 10 K(Assumed that the heat loss in the system) into Equation(15) as shown
following:

Q... = 0.2902(kg/m*)x6.09(m/s)x0.3(m)x 1.175(kJ/kg. K)x10(K)
Q.. =623 kl/s or 6.23 kW
Qe =P UAC,(T - T,) (16)

And substitute p, = 0.2902 kg/m’, U= 5116 m/s, A =03 m?, C, =1.175 and
(T, -T,)= 10 K(Assumed that the heat loss in the system) into Equation(16) as shown

following:

Q,.. = 0.2902(kg/m*)x51.16(m/s)x0.3(m>)x 1.1 75(kJ/kg.K)x10(K)



147

. Q.. =52.33kI/s or 52.33 kW

Where (.)mm = minimum of heat transfer rate, kJ/s
Qmax = minimum of heat transfer rate, kJ/s
by = density of hot air, kg/m’
U . = minimum velocity for fluidization, m/s
2 = terminal velocity for fluidization, m/s
A . =bed drying area, m’
O = specific heat of air, kJ/kg. K
T, = drying temperature, °C
T, = outlet temperature from the chamber, °C

Also, the dryer machine in this experiment was designed under condition of

rate of heat transfer with 6.23 < Q <52.33kW and rate of air flow in drying system as

Q. >0.02845m’/s

air



Appendix G

Figures of dried chili and results of energy consumption

from experiments and simulation
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The physical characteristics of the chili when dried in the temperature conditions and
velocity of hot air as 4 m/s(Fig G.1-G.6)and 6 m/s(Fig. G.7-G.12) The results of the
dried chili that looks different as the following presentation.

Figure G.1 Physical characteristics of Figure G.2 Physical characteristics of

chili after drying at 60 °C

\

IYigure G.3 Physical characteristics of Figure G.4 Physical characteristics of

chili after drying at 80 °C

Figure G.5 Physical characteristics of Figure G.6 Physical characteristics of

chili after drying at 90 °C chili after drying at 100 °C
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Figure G.7 Physical characteristics of

Figure G.8 Physical characteristics of
‘chili after drying at 50 °C

chili after drying at 60 °C

Y 'g Y

v P

Figure G.9 Physical characteristics of

Figure G.10 Physical characteristics of
chili after drying at 70 °C

chili after drying at 80 °C

=

.11 Physical characteristics of  Figure G.12 Physical characteristics of
chili after drying at 90 °C

chili after drying at 100 °C
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Drying Characteristics of Chili Using Continuous Fluidized-Bed Dryer

'Suparerk Charmongkolpradit, 'Kittichai Triratanasirichai and 2Narong Srihajong
'Department of Mechanical Engineering, Faculty of Engineering,
Khon Kaen University, 123 Mittraparb Road, Muang District, Khon Kaen, 40002, Thailand
2Departmc:nt of Mechanical Engineering, Faculty of Engineering,
Rajamangala University of Technology Isan, Khon Kaen Campus, Khon Kaen, 40000, Thailand

Abstract: Problem statement: The objective of this study was to obtain the dying characteristics of
the Jinda chili, a commonly grown variety in the Northeatern of Thailand, using the continuous
fluidizedbed dryer in reducing moisture content of dried chili up to 13% wet basis as comparable to the
dried chili in the market and to investigate the effect of drying temperature and drying air velocity.
Approach: Drying characteristics was to study under varying conditions of drying temperature (50,
60, 70, 80, 90 and 100°C) and drying air velocity (4, 5 and 6 m sec”'). Results: The drying time
decreased within the increasing of drying temperature and drying air velocity. Drying air velocity
affected the drift and .continuously moves of chili particle outward from dryer chamber under
continuous fluidized-bed technique. The decreasing of moisture content effected with increasing of a
compound capsaicin of dried chili compare to fresh chili. The diffusion coefficient of moisture content
increased with increasing all drying temperature and drying air velocity. Conclusion: Drying
temperature was the significant factor of the chili moisture content reduction. Drying air velocity
affected the move of chili outward from chamber under the continuous fluidized bed drying process.

Key words: Jinda chili, fluidized-bed, Capsicum

INTRODUCTION

Chilli is known by different names in different
parts of the world. The genus Capsicum which is
commonly known as “red Chile”, “chili pepper”, “hot
red pepper”, “tobasco”, “paprika”, and “cayenne”, (De,
2003). Chili peppers (Capsicum spp.) are appreciated
for their pungency, taste and aroma as food additive,
pigment and for their physiological and pharmaceutical
uses (Cisneros-Pineda ez al., 2007). Hot chili pepper is
a common spice in Thai cuisine and it is widely
consumed as a food additive throughout the world,
particularly in South East Asia and Latin-American
countries (Laohavechvanich er al, 2006). As, ripe
chilies usually have initial moisture content as high as
300-400% (db), this has to be reduced to 8-11% (db)
for the safe storage (Satyanarayana and Vengaiah,
2010). Traditionally, fresh chilies are preserved by
drying immediately after harvest under the sun without
any special treatment (Kaleemullah and Kailappan,
2005). Haddad (2009) studied the mathematical method
for defining the dimensions of drying machine to obtain
optimum productivity with lowest power energy

consumption and basic theoretical backgrounds of the
engineering design procedure of a drying plant. Shafri
and Ezzat (2009) studied on quantitative performance
of spectral indices in large scale plant health analysis.
Accordingly, procurement of machineries and drying
apparatus are burdens to some operators (Tasirin ef al.,
2006).

Chili is one of economic plants and involve with
Thai society, especially with its daily cooking. A very
unique characteristic of chili is the spiciness which
comes from the chemical substance called Capsaicin.
Chili can be grown all year round. However, the good
periods of growing chili in the Northeastern of Thailand
are in rainy season and winter. During those periods
there will be a problem of overflow with chili in the
market. Dried chili was introduced to be controlled the
quantity and the stability of price of during that period.
Preservation of chili for other period is also the other
way to keep the price. The conventional method to
preserve the chili is to dried up under the sun by
spreading the chili in the large open area. The duration
needed depends on the quality of sunlight, temperature
and air humidity. One of the problems by this technique
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is that the level of moisture content of dried chili was
not the same and other problems are caused by weather,
fungus, which decrease the length of time that can be
kept. Moreover, there might also be a contamination in
the chili. The main advantage of fluidized-bed dryer is
the high transfer rate for heat and mass between gas and
solid that ensure a rapid and uniform drying. Apart
from this, heat transfer rate between the fluidized layer
and immersed object is high. Therefore, only a small
wea is needed for heat transfer (Tasirin er al., 2006).

And technological innovation was adapted to protect -

crop might bring about significant benefits to farmers
(Luce et al., 2006).

Also, this study focused on drying characteristic,
the drying effective diffusivities and activation energy
o drying process of capsicum using continuous
fluidized-bed dryer in order to investigate physical
characteristic of chili after drying, to consider the effect
of drying temperature and ' drying air velocity, to
suggest drying method using suitable condition which
was concerned with the quality of a product.

MATERIALS AND METHODS

Sample preparation: Since there are many kinds of
chili, the researcher decided to use Jinda chili; a kind of
chili which is largely sold in the Northeastern market of
Thailand in both fresh and dried type. The clean chili
would be processed in the Central Laboratory
(Thailand) Ltd., Khon Kaen Branch, in order to specify
the initial moisture content 72.98% on wet basis
(Stephen and Emmanuel, 2009) and contained 0.07 of
capsaicin quantity substance (g 100 g™') by HPLC
based on AOAC (1995) 995.03 in house method, before
the continuous fluidized bed drying was used in the
experiment, where the chili’s weighted 1000 g would
o started.

“xperiments set-up: Figure 1 showed a schematic
diagram of a dryer, a continuous chili artificial dryer
which consisted of its essential devices, heaters, drying
chamber, instruments for measurement, centrifugal
blower-3 horsepower motor driven and 1450 rpm of
revolution. The air flow rate was adjusted by the blower
speed control which was reused again by the use of air
circulation, delivering to the drying process. The
heating system consisted of 8 electric sets with 1.5 kW
hicater placed inside the duct. The temperature in drying
chamber was adjusted by the heater power control. The
drying chamber was conducted from stainless steel
sheets as rectangular tunnel with 1000 cm long, 30 ¢cm
wide and 50 cm high. It was brought into this study that
relied on the continuous fluidized bed dryer.
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Fig. 1: Schematic of the dryer (1) Drying chamber; (2)
Heater casing; (3) Blower; (4) Heater; (5)
Trays; (6) Blower speed control; (7) Heater
power control; (8) Inlet gate of products; (9)
Outlet gate of products, (10) Air distributor
plate; (11) Thermocouple sensor

In the measurement of temperature, K type
thermocouples were used with manually controlled
temperature (Shinko, MCD-130-R/E, Japan), with
accuracy of +1°C. The temperature recorded with a
manually controlled 32-channel automatic digital
thermometer (Hioki, 8422-51, Japan). The drying air
velocity passing through the system was measured by a
0.8-12.0 m sec”' range anemometer mini vane
(Digicon, DA-45, Japan) with accuracy of 0.01 m Sec™
and uncertainly of +(2%+02 m sec’). A
thermohygrometer (Digicon, T-126TH-S, Japan) with
accuracy of 0-100%RH and uncertainly of +2.5% RH
(30-90RH). Moisture loss was recorded at intervals of 5
min during drying for determination of drying curves
by a digital balance (Ohaus, Adventurer-ARC210 and
USA) in the measurement range of 0-2100 g and
readability of 0.01 g.

Drying experiment was carried out at drying air
temperature of 50, 60, 70, 80, 90 and 100°C and drying
air velocity was at 4, 5 and 6 m sec'. Drying
Nomenclature t drying time (min) D.g coefficient of
moisture diffusion (m® sec™') RC radius of a cylindrical
object (m) Rg fixed rate of gas MJ. kg mol. K™) B Bessel
function’s root at zero T relative temperature (K). D,
initial constant number of moisture diffusion, (m? sec™))
Ea activation of moisture diffusion (MJkg mol™) was
continued until chili were drifted or continuously moved
from drying chamber. During the experiment ambient
temperature, relative humidity, inlet or outlet temperatures
of drying air in drying chamber were recorded.

Coefficient of moisture diffusion and activation
energy: The solute or heat transport in a flat duct was
defined by Johnson er al. (2008). Materials, paddy, seed
of herbs were completely predicted by diffusion
number in Fick’s second law. Also it was used in
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:alculating  chili  moisture  coefficient at every
emperature level in drying process according to the
:quation mentioned below:

MR = iexp[%zj N
B: %

1 c

Coefficient of chili’s moisture diffusion was
‘hanged by the temperature more than the moisture, so
t was developed the equation to solve the coefficient
wmber of chili’s moisture diffusion which was a type
i Archenius’s relation: s

Do = Doexp (Ea/RgTabs) 2
0D,y = InDyg-(Eo/Rg)(1/T aps) 3)

[t could obtain initial number of Dy and E, from the
‘esult correlation between InDy and (1 T,,,) which was
hie equation of a straight line (Eq. 3), (E/R,) was the
stope number of a graph.

RESULTS

Drying characteristics: The result of drying of
capsicum based on continuous fluidized-bed dryer
cvealed that the drying time decreased from 27 h
50°C and 4 m sec™') to 2 h 25 min (100°C and 6 m
sec”') when drying air temperature increased from 50,
50, 70, 80, 90 to 100°C and drying air velocity
ncreased from 4-6 m sec”’, respectively (Table 1). The
hange of moisture content of chili on wet basis from
‘he experiment using the dryer machine (Fig. 1) showed
‘hat on drying air velocity of 4 m sec™, 5 m sec”' and 6
n sec”!, the chili’s initial weight was 1000 g and final
weight was 292.25 g Moreover, it contained the
moisture content of 7.54% (wb) from experiment and
3.08% (wb) from central laboratory.

After the experiment(l month ago), 6 samples of
leied chili on drying air velocity of 5 m sec™ were
letermined the final moisture content (g 100 g™') on
wet basis (Stephen and Emmanuel, 2009) and the
compound capsaicin by HPLC based on AOAC (1995)
995.03 in house method. The capsaicin quantity of
dried chili on drying air velocity of 5 m sec™' and
drying temperature of 50, 60, 70, 80, 90 and 100°C
were 0.25, 0.24, 0.23, 0.19, 0.23 and 0.19 g 100 g™,

respectively. The capsaicin quantity of fresh chili on
initial moisture content of 72.98% (wb) were 0.07 g
100 g'. The result was certificated by Central
Laboratory (Thailand) Ltd., Khon Kaen Branch: Nai
Muang, Khon Kaen Thailand.

Diffusion coefficient and activation energy: Chili’s
diffusion coefficient would be changed by the
temperature and drying air velocity of the drying
process which stayed in a range of 1.3118E-09-
1.3782E-08 m’ sec™', 1.3330E-09-1.5197E-08 m” sec”'
and 8.4181E-010-1.0740E-08 m’ sec™'. The effective
moisture diffusivity of 50, 60, 70, 80, 90 and 100°C and
drying air velocity of 4-6 m sec”' can be written as
following equations:

Der = 0.34749exp(-6237.24985/T ) 4

D.srabs D =0.14262exp(-5981.47279/T) ®)

Desr = 0.424045exp(-6439.97646/T ,s) (6)
DISCUSSION

The result shown in Table 1 found that

moisture content of dried chili (central laboratory) was
higher as it was compared to the experimental result.
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Fig. 2: Change of Moisture Ratio (MR) with drying
time (h) on drying air velocity of 4 m sec™

Table 1: The results from the experiment and central laboratory (Thailand) Ltd., Khon Kaen branch

Moisture content (% wb)

Drying time (h)

Drying Moisture Compound

lemperature (°C) 4 msec” 5 m sec” 6 m sec™’ content capsaicin 4 msec” S msec”’ 6 msec”'
50 8.19 7.79 14.72 9.40- 0.25- 27.00 26.00 22.50

60 9.96 =924 13.37 10.67+ 0.24+ 17.50 14.00 13.00

70 10.47 6.53 11.82 6.71+ 0.25+ 8.00 5.00 5.00

80 8.90 8.17 16.63 9.12» 0.19+ 4.50 3.95 3.25

20 7.14 7.54 16.78 8.08- 0.23+ 3.75 3.00 275
100 7.45 7.14 12.19 7.88- 0.19-+ 3.00 2758 2.25

* Stephen and Emmanuel (2009); **: Testing by HPLC based on AOAC (1995) 995.03 in house method
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Consequently, the decrease of moisture content affected
the increase of ‘capsaicin quantity of dried chili
compared to fresh chili. The experimental result
showed drying time decreased with the increasing of
drying temperature and drying air velocity shown in
Fig. 2-4. It also found that the suitable condition for
drying process was 90°C of drying chamber’s
:mperature and the drying air velocity at 5 m sec™.
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0 100°C

Dningume (h!

Fig. 3: Change of Moisture Ratio (MR) with drying
time (h) on drying air velocity of 5 m sec™
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Fig. 4. Change of Moisture Ratio (MR) with drying
time (h) on drying air velocity of 6 m sec™

Fig. 5. Photograph of dried chili on the temperature of
90 °C and drying air velocity of 5 m sec™

In addition, with the duration of 3 h, the chili’s
physical characteristics would turn into red, flat and
shiny, crispy and no burning smell-showed in Fig. 5. It
was found that the drying temperature affected the
decrease of chili’s weight and moisture content. The
drying air velocity affected on the fluidized bed
particles movement and the chili’s continuous
migration outwards the drying chamber.

The activation energy could be described based on
Eq. 3. The Fig. 6 showed the increasing of the effective
moisture diffusivity when drying temperature and
drying air velocity increased. The result of the
correlation graph between (InD.y) and (1/T,,) as
shown in Fig. 7-9, the time (h) on drying air velocity
of 5 m sec”' obtained activation energy of diffusion Ea.
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Fig. 6: The effective moisture diffusivity on drying
temperature of 50, 60, 70, 80, 90 and 100°C and
drying air velocity of 4, 5 and 6 m sec™
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Fig. 7: The Arrhenius relationship between the
effective diffusivities and temperature on drying
air velocity of 4 m sec™
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effective diffusivities and temperature on drying
air velocity of 5 m sec™
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Fig.9: The Arrhenius relationship between the
effective diffusivities and temperature on

drying air velocity of 6 m sec™

This was calculated as 49.7299, 51.8564 and 53.5419
MJkg mol™ on 4-6 m sec™' of drying air velocity,
respectively. Thus, the air velocity affected the change
of chili’s activation energy.

COI:JCLUS!ON

Drying temperature was the significant factor of the
chili moisture content reduction and the increase of
capsaicin quantity substance of dried chili compared to
fresh chili. The drying air velocity affected the move of
chili particles. Drying was continued until chili were
drifted or continuously moved from drying chamber
under continuous fluidized-bed drying process. The
suitable condition result of this study was drying
temperature of 90°C, drying air velocity of 5 m sec”™’ and
drying time of 3 h because of the best physical
characteristic of dried chili, high compound capsaicin
and the shorten drying time. Consequently, the increase
of drying air temperature and drying air velocity affected
on the increase of the effective moisture diffusivity.

ACKNOWLEDGEMENT

The researchers are grateful to the support given by
Department of Mechanical Engineering, Faculty of
Engineering, Khon Kaen University and Department of
Mechanical Engineering, Faculty of Engineering
Rajamangala University of Technology, Khon Kaen
Campus.

RERERENCES

AOAC, 1995. AOAC official method 995.03
capsaicinoids in capsicums and their extractives,
liquid  chromatographic method.  AOAC.
http://www.pinkstinker.com/docs/AOAC_Official _
Method_995.pdf

Cisneros-Pineda, O., L.W. Torres-Tapia, L.C. Gutiérrez-
Pacheco, F. Contreras-Martin and T. Gonzalez-
Estrada et al., 2007. Capsaicinoids quantification in
chili peppers cultivated in the state of Yocatan,
Mexico. Food Chem., 104: 1755-1760. DOI:
10.1016/j.foodchem.2006.10.076

De, AK., 2003. Capsicum: The Genus Capsicum. 1st
Edn., CRC Press, New York, ISBN: 10:
0415299918, pp: 296.

Haddad, J.S., 2009. Basic theoretical backgrounds of
the engineering design procedure of a drying plant.
Am. J. Eng. Applied Sci, 2: 466-470.
http://www.scipub.org/fulltext/ajeas/ajeas22466-470.pdf

Johnson, E., A.D. Apeti, S. Haynes and L. Robinson,
2008. Solute or heat transport in a flat duct. Am. J.
Environ. Sci., 4: 721-726.
http://www.scipub.org/fulltext/ajes/ajes46721-726.pdf

Kaleemullah, S. and R. Kailappan, 2005. Drying
kinetics of red chillies in a rotary dryer. Biol. Eng.,
92: 15-23. DOI:
10.1016/j.biosystemseng.2005.05.015

Laohavechvanich, P., K. Kangsadalampai, N. Tirawanchai
and A.J. Ketterman, 2006. Effect of different Thai
traditional processing of various hot chili peppers
on urethane-induced somatic mutation and
recombination in  Droxophila  melanogaster:
Assessment of the role of glutathione transferase
activity. Food Chem. Toxicol.,, 44: 1348-1354.
DOI: 10.1016/j.fct.2006.02.013

Luce, A., K. Mattas, 1. Tzouramani, G. Paroussi and E.
Tsakiridou ez al., 2006. Financial assessment of a
new soil heating technology for off-season
asparagus production. Am. J. Agric. Biol. Sci.,
1: 6-9.
http://www.scipub.org/fulltext/ AJAB/AJAB116-9.pdf

Satyanarayana, CH.V.V. and P.C. Vengaiah, 2010.
Development of large scale drying system for
chilies (Capsicum annum). Agric. Eng. Int. GIGR
J, 12 189-193.
http://www.cigrjournal.org/index.php/Ejounral/art
icle/viewFile/1477/1290

Stephen, A.K. and S. Emmanuel, 2009. Improvement
on the design of a cabinet grain dryer. Am. J. Eng.
Applied Sci., 2z 217-228.
http://www.scipub.org/fulltext/ajeas/ajeas21217-228 pdf

Shafri, H.Z.M. and M.S. Ezzat, 2009. Quantitative
performance of spectral indices in large scale plant
health analysis. Am. J. Agric. Biol. Sci., 4: 187-191.
http://www.scipub.org/fulltext/ AJAB/AJAB43187-
191.pdf

Tasirin, S.M., S.K. Kamarudin, K. Jaafar and K.F. Lee,
2006. The drying kinetics of bird’s chilies in a
fluidized bed dryer. J. Food. Eng., 79: 695-705.
DOI: 10.1016/j.jfoodeng.2006.02.032

1304



Name-Surname

Date of Birth

Province

Education

Affiliation

CURRICULUM VITAE /;

Suparerk Charmongkolpradit
19 December 1974
Khon Kaen

M.Eng.(Mechanical Engineering), Khon Kaen University,
Thailand(2002)

B.Eng.(Mechanical Engineering), = Ubon  Ratchathani
University, Ubon Ratchathani, Thailand(1997)

2011- Present : Vice Dean of Academic and Research Affair
2010 — 2011 : Head of Department of Mechanical Engineering,
2002 — Present : Lecturer at Department of Mechanical
Engineering, Faculty of Engineering, Rajamangala University
of Technology Isan, Khon Kaen Campus, Thailand,
Suparerk.ch@rmuti.ac.th, ~ Supchar_2005@yahoo.com, and
Supchar2005@hotmail.com









