Simulation of Rice Drying in a Bin System

with an Automatic Gas-Modulating Burner
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INTRODUCTION

Grain drying is a common and necessary pro-
cessing operation among farmers in an effort to
maximize crop income. Large amounts of ene-
rgy are used for rice drying on Louisiana farms.

Louisiana produces about 15% (Johnson and Li-
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nscombe, 1988) of the U. S. rice crop, and a
third of the rice farmers in the state use in-bin
farm drying. This drying accounts for 7.7% of
the total energy required for rice production in
Louisiana(Rutger and Grant, 1979). Rice drying
in Louisiana is controlled by two main factors

. the high ambient relative humidity during the
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rice drying season and an upper limit of 38 air
temperature for rice drying to produce good
milling yields. Rice is more susceptible to da-
mage during subsequent handling and proces-
sing operations than other grains if it is dried
at temperatures much above 38C.

The weather conditions in rice growing areas
vary, and to preserve the milling quality it is
also critical not to overheat the rice grain during
drying. Determining the energy required in dr-
ying rice and developing ways to save energy
input could benefit rice farmers and the indus-
try. Traditional drying with gas or other fossil-
fuel heat sources requires an optimum control
system to modulate the fuel amout based on the
ambient air conditions, the input heat rise at the
heater, the moisture content, rice depth, and ai-
rflow being used. A technique using exhaust air
from a dryer can also be useful to conserve ene-
rgy and to prevent overdrying of the rice. Ther-
mostatic controls are available that modulate
the gas flow according to the conditions of the
air after the mixing of ambient air and recircu-
lated air with or without dehumidification.

The ratio of the recirculated air to the mixed
air, by volume, influences the fuel saving and
drying rate of rough rice. The conditions of
exhaust air leaving the drier and ambient air
are a function of grain conditions, ambient con-
ditions, dryer parameters, and hence the drying
time. So the drying potential of the mixed air,
which is heated, varies, with drying time, air re-
circulation ratio, and dehumidification of recir-
culated air. If the amount of fuel used in heating
the air is modulated by a thermostatic valve to
heat the mixed air to an optimum drying tem-
perature of 38C, considerable fossil-fuel can be
saved, and uniform rough rice drying can be
achieved with minimum damage to quality.

Hence, a computer simulation was required

for investigating the effects of such a gas-modu-

lating control system with air recirculation.
Such a simulation can predict the fuel amount
required during each drying time step and the
total fuel saved in a gas-modulating control sys-
tem for in-bin rice drying. Also, it was useful to
analyze the effect of air recirculation ratio with
/without dehumidification of fuel consumption
and drying rate in such an in-bin rice drying sy-
stem with a gas control. A simulation model
using SLAM II (Pritsker, 1986) was developed

to analyze such a drying system.

OBJECTIVES

The specific objectives of this study were -
1. To simulate the effect of gas-modulating con-
trol based on ambient air conditions on gas and
electric energy consumption and drying cost in
on-farm bin rice systems,

2. To simulate the effects of air recirculation
and dehumidifcation of the recirculated air on
the energy consumption, drying cost, and drying
time for rough rice,

3. To estimate the energy an the drying-cost
savings of the gas-modulating control system
compared with an in-bin rice drying system

with a conventional burner.

SIMULATION ASSUMPTIONS AND
PROCEDURES

Assumptions of Simulation

The following assumptions were for keeping
the simulation simple :
1. Rice drying process was adiabatic with no
conduction losses.
2. A sensible heat equation was used to calcula-
ted the energy required to heat the drying(mi-
xed) air during each time step. The sensible
heat surrendered by the air in passing through

the grain is equal to the latent heat of vaporiza-
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tion required to vaporize the water from the
grain.

3. All the parameters of the sensible heat equa-
tion were assumed to be functions of time.

4. Natural gas was used as a fuel for heating the
air during rice drying. The heat of combustion
of the natural gas was assumed to be 49.395 M]/
kg or 33.625 MJ/m®

5. The efficiency of the burner, which starts bu-
rning automatically if any gas exists, was assu-
med to be 0.95 based on the actual drying data
(Verma and Jacobsen, 1987), and the burning
rate of gas released from a tank was also assu-
med to be constant.

6. The amount of fuel required in heating the
mixed air was assumed to be modulated accu-
rately by a thermostatic valve to heat the air to
an optimum drying temperature of 38T,

7. Temperature and relative humidity of am-
bient air were assumed to be sinusoidal func-
tions of time. Extreme values of their functions
were assumed to be obtained at 3 P.M.

8. The capacity of an air fan(Mode] CCD-270-15
XL, 11.2 kW) was assumed to be 360 cmm.

9. A physical dehumidifier was, if required,
used to reduce the humidity of recirculated air
to the condition of ambient air. Its energy con-
sumption was assumed to be zero because the
dehumidifier made of a physical filter can re-
move the moisture of recirculated air using the
solar energy of a greenhouse.

10. Initial conditions of rice drying of one batch
were as follows *

a) Total weight of wet rough rice was W=63,
625(kg). b) Initial moisture content of the sam-
ple was M,= 0.307(decimal, d.b.), and final
moisture content was M;=0.126(decimal, d.b.).
¢) The static pressure drop of air was indicated
by HEAD=0.116(m of water). d) Rice drying
started at 9 A.M. and was conducted continuou-

sly for a of rice in August and December in sou-
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thwest Louisiana. e) Drying efficiency of the bin

dryer with a diameter of 8.23m was 0.8.

Simulation Procedures

A. Network of Drying System

SLAM II/PC was used to simulated the dry-
ing system as it has been demonstrated to anal-
yze process models with both continuous and
discrete events. The drying system described in
this study had events that occurred at different
time steps, determined as the gas in the burner
tank was run out. The amount of gas required
in heating the mixed air(ambient air plus
exhaust air) to an optimum drying temperature
of 38T during each time step was released from
a gas storage tank or a line to a burner tank as
an entity, XX(11), of a network. The amount of
a released entity was determined according to
ambient and recirculated air conditions that
change with time.

For simplification, the ambient air conditions
were expressed as functions of time. The accu-
mulated amount of heat, SS(2), a state variable
of SLAM 1I, required during rice drying period
was then simulated by analyzing psychrometric
properties of the mixed air, which also change
according to the air recirculation ratio.

The network of fuel used for rice drying is
shown in figure 1. The gas stored in a storage
tank waited in an AWAIT node until the empti-
ness of the burner tank was detected by a DE-
TECT node, and the amount of gas required
during next time step was determined.

After the amount of gas was released to the
burner tank in a normal distribution by a ther-
mostatic valve of the storage tank, the gas
amount was assigned by an ASSIGN node to
ATRIB(1), an attribute variable of SLAM 1II.
Then the gas amount of each time step and total
amount used for rice drying were collected and
plotted by a COLLECT node and a RECORD
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o §S(7) : gas required during each time step
¢ XX(12) : total water to be removed from grains

Fig 1. SLAMII network in a gas modulating

control system of rice drying.

statement. The gas released from the storage
tank was burned in the burner at a constant
rate, which was expressed as a TERMINATED
node.

Finally, the simulation time was also deter-
mined by calculating the water removing rate
during each time step, accumulated removed
water, and total water to be removed from the
grain. When the accumulated removed water,
SS(5), reached the total water, XX(12), to be
removed from the grain, the current time,
TNOW, became a total simulation or drying

time for a batch of rice. The drying time was

detected by a STATE EVENT node, and the si-
mulation program was stopped at time of
TNOW.

B. Ambient Air Conditions

Functions representing ambient air condi-
tions were developed based on the weather data
observed at Lake Charles and the LSU Rice Re-

search Station at Crowley, Louisiana. The hou-

rly mean temperature and relative humidity ob-
served at 3-hour intervals during August and
September in 1982 and 1983 were plotted in fi-
gures 2 and 3. The mean weather data in Dece-
mber from 1940 to 1985 in South Louisiana
were also used(Ruffner and Bair, 1987). The
hourly mean temperature and relative humidity
were expressed as sinusoidal functions. The
mean maximum temperature and relative hu-
midity and mean minimum temperature and
relative humidity were used to determine amp-
litudes of the sinusoidal functions. The data ob-
served at 9 A. M. were used as initial conditions
of the sinusoidal functions, and the extreme va-
lues of temperature and relative humidity du-

ring a day were assumed to be observed at 3 P.
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Fig 2 Mean hourly ambient air temperature in
South Louisiana (August and Septem-
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M. The developed functions are as follows, and
their R? values were greater than 0.7(significant
at a 1% level, SAS/STAT, 1985) :
T(t) =28.6+5.4 X sin(PIX time/12)
in Aug. of '82, '83, '86
T(t) =11.44+5.56 X sin(PI X time/12)
in Dec. of '40 to "85
RH(t) =0.778—0.138 X sin(PIX time/12)
in Aug. of ‘82 and '83
RH(t) =0.77—0.13 X sin(PIX time/12)
in Dec. of "40 to "85
Where, t=time(hour), PI=3.14
T=ambient air temperature(C)

RH=ambient air relative humidity(decimal).

C. Heat Required During Each Time Step

The energy required to heat the mixed air
(ambient air plus recirculated air) during each
time step was calculated from the following se-
nsible heat (g1) equation(Brooker et al., 1982)
1 1= CaX 60X V/v,X (Ts-Tmix) X (DTNOW /
1000
where, ¢,= heat required during each time step
(DTNOW), MJ

Ca =heat capacity of air, KJ/(kg°K)

=4.18 [0.24+H{597.3 / (T+273) +
0.441}]

A = airflow rate, 360cmm

Va =gpecific volume, m*/kg, dry air
DTNOW =step size of drying time, hour

Tss = optimum drying temperature, 38T

Tmix =temperature of mixed air, T

The variables, Ca, v,, and Tmix, were respec-
tively calculated by the following procedures -

1) First, an exhaust air temperature, T=S8S
(3), was calculated at time=t. The exhaust air
temperature varies from a point ‘¢’ to ‘b’ as
shown in figure 4, which could be expressed as
an exponential function of drying time :

dT/dt=—XKX (T—38), or S5(3) =38+ (Tc
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DRYING PROCESS
GRAIN MOISTURE
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Fig 4 Representation on the psychrometric

chart of the process of rice drying with air
recirculation.

—38) Xexp(—XKXt)

where, an initial value of SS(3), Tc, and a co-
nstant, XK, were obtained from an actual drying
test.

2) The absolute humidity, He(t) =SS(4), at
time=t could be also expressed as an exponen-
tial function of drying time :

dH/dt=—XK(H—Ha)

SS(4) =XX(6) + {Hc— XX(6)} X exp(—
XKXt)
where, an initial value of SS(4), Hc, was ob-

or

tained from a drying test and Ha was absolute
humidity of ambient air, XX(6).

3) The temperature of mixed air, Td(point
‘d"), Td=XX(4), was expressed by Td=Ta(t)
+XX(2) X {T~Ta(®)}.
where, Ta= ambient air temperature(T) =XX

(3), in August
=28.6+5.4Xsin (PIXTNOW/12)
XX(2)  =ratio of recirculated air to mixed
air in volume, decimal.

Therefore, XX(4) =XX(3) +XX(2) X {SS(3)
—XX(3)}.

4) The absolute humidity, Hd(t) =XX(7),

of mixet air was calculated using the relative
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humidith of ambient air, RHa(t) =XX(5), simi-

lar to that of the tenperature of mixed air. The

absolute humidity of ambient air was expressed

by the following equation(Brooker et al., 1982) :

Ha(t) =XX(6) =0.6219 X RHa(t) X SVP/{ATM
+RHa(t) XSVP}

where, ATM=atmospheric pressure(101.325

kPa)

SVP =saturated vapor pressure of the
air(KPa) ={(Ta(t))

RHa(t) =0.778 — 0.138 X sin (PI X TNOW/12)

=XX(5), in August.
Therefore, the absolute humidity (kg/kg) of
mixed air, XX(7), was
Hd=Ha(t) + XX(2) X {Hc—Ha(t)}

or XX(7) =XX(6) +XX(2) X {SS(4) —XX(6) }
However, if a dehumidifier was used to remove
the water in the exhaust air to bring it to condi-
tion of the ambient air, the term {SS(4) —XX
(6)} was assumed to be zero.

5) The specific volume of mixed air (m%/kg),
va=XX(8), was XX(8)=2.833E—3X {XX(3)+
273} X {1+ 1.6078 X XX(7)} (Brooker et al., 19
82).

6) The heat capacity (kJ/kg°K), Ca=XX(9),
of mixed air was calculated by the following
equation - XX(9)=4.18X[0.24+ Hd(t) X {597.
3/(Td(t) +273) +0441} 1 =4.18X[0.24+XX
(7) X{597.3/XX(4) +273) + 0441} }

7) The mixed air was assumed to be delive-
red from a fan to the heater. Then, the amount
of heat, XX(10), supplied by the fan was consi-
dered as auxiliary heat. The horsepower of the
fan was calculated as follows :

HP =V X X HEAD/4500=360/XX(8) X
HEAD X 835.2/4500
where, HP=horsepower of the air fan, hp
V =airflow rate delivered, 360 cmm
r =specific weight of mixed air=1/
va =1/XX(8), kg/m®

HEAD =static pressure drop, m of water
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The static pressure drop in m of water should
be converted into air height 5 1 m of water=
835.2 m of air. The efficiency of the electrical
fan was assumed to be 0.7, so the actual power
was 0.7XHP. The accumulated heat(MJ), SS
(6), supplied by the fan was expressed as fol-

lows -
$S(6) = SSL(6) + 360/XX(8) X 835.2/4500 X
2.845X DTNOW
=8SL(6)+179.367552 / XX(8)X
HEADXDTNOW

Where, SS(6) =accumulated heat supplied by
the fan to the mixed air,
SSL(6) = immediated past value of SS
(6) at time TNOW-DTNOW
1 hp=2.6845 M]J.,, DTNOW=time step
Therefore, a temperature increment, XX(10),
due to the energy supplied by the fan during
each time step was calculated as follows -
Heat required to raise temperature by DT
during each time step=CaX60XV / v, XDTX
DTNOW or 179.3672/XX(8) X HEAD X DTNOW
X1000X0.7=CaxX60X360X /v, XDTXDT-
NOW
Therefore, DT=179.3672/XX(8) X HEAD X 10
00X 0.7/XX(9)/60/360 X XX (8)
=5.812825926 X HEAD / XX(9) =XX(10)
Consequently, the energy(MJ), ¢:=XX(1),
required to heat the mixed air to a temperature
of 38C during each time step could be calcula-
ted by the following equation :
XX(1) =XX(9)/XX(8) X 60X 360X {38—
XX(4) —XX(10)} X DTNOW/0.95
where 0.95 indicates the thermal efficiency of

the burner.

The amount of gas (kg), SS(1), required for
the heat energy during each time step was XX
(1)/49.395, where 49.395 M]/kg indicates the
heat of combustion of natural gas. The total

amount of gas consumed in the burner was also
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calculated as follows -

SS(D=SSL(1)+XX(1) / 49.395, where
SSL(1)was an immediated past value of SS(1).
The amount of gas to be released into the bur-
ner tank during each time step was expressed
as follows : SS(7) =XX(1) — GASMIN

where GASMIN was aninitial small amount of
gas in the burner. Hence, when the amount of
gas, SS(7), crossed a threshold of zero, the gas
required for the next time step was released
from a storage tank or line to the burner tank,
which was detected by a DETECT node. The
total amount of gas released, XX(20), was com-
puted by a COLLECT node until the drying was

completed.

D. Simulation Time rol System

The water removal rate during each time step
and the accumulated removed water were cal-
culated to determine the simulation time(total
drying time). The water removal rate(WMR)
was the product of input mass airflow rate and
the difference between absolute humidity of
exhausted air at time=t and absolute humidi
ty of mixed air, and it can be expressed as:
WMR={60XV /XX(8)} X{55(4) —XX (7}.

The water removed during each time step
was WMRXDTNOW, and the accumulated re-
moved water, SS(5), was expressed by the fol-
lowing equation using SLAM II variables :

SS(5)=SSL(5)+60X360 / XX(8)X{SS
(4) —XX(D} XDTNOW.

Then, total water, XX(12), to be removed
from an initial moisture content(M,, decimal,
dry basis) of the grain(W, kg) to a final mois-
ture content(M;, decimal, dry basis) was WX
(M,—My). Consequently, when the accumula-
ted removed water reached the total water to be
removed for rice drying, the current time,
TNOW, was considered as the total drying si-

mulation time.

Az’ e B Az FF A4
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Finally, the controlled drying system with air
recirculation and with or without dehumidifica-
tion, and the conventional drying system were
compared in terms of energy consumption of
gas and electricity, drying time, enetgy savings,
and drying costs. The effects of gas modulating
control and air recirculation were analyzed. The
simulation model was validated by comparing
the simulation results with actual data obtained
in the in-bin drying tests conducted by Verma
and Jacobsen (1987).

RESULTS AND DISCUSSION

Effects of Gas-Modulating and Air Recircu-

lation

The in-bin drying system with a conventional
burner consumed gas and electricity at the rates
of 3.396 and 0.288 M]/kg of water removed, res-
pectively, during drying, whereas the system
with a gas-modulating burner consumed gas of
2.589 MJ/kg of water removed and electricity of
0.230 MJ/kg of water removed in the simulation
of the rice drying system based on the August
weather data in southwest Louisiana. The gas
energy consumption values obtained in this si-
mulation were very similar to the actual data of
Verma and Jacobsen(1987), which were 3.34
M]J/kg of water removed in the conventional sy-
stem and 2.496 M]J/kg of water removed in the
gas-modulating control system, respectively.
About 82% of total energy in the control system
was used in heating the ambient air to 38C. A
savings of approximately 25% of the total ene-
rgy required in drying was achieved in the si-
mulation.

The appoximate drying time in the conven-
tional system estimated by using the mean wa-
ter removal rate was 141.8 hours, whereas the
simulated drying time in the modulating control

system estimated from the varying water remo-
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Fig 5 Plot of accumulated energy consumption
in electricity and gas and of gas amount
consumed during each time step in the
gas control system without air recircula-
tion in August.

val rate for each time step was 112 hours. The
actual drying time (Verma and Jacobsen, 1987)
in the control system varied between 110 hours
and 130 hours.

The amount of gas required during each time
step varied like a sinusoidal function of am-
bient air temperature as shown in figures 5—7.
The gas amount decreased during the daytime
and increased during the nighttime, as expec-
ted. The electrical energy to power the fan was
used in proportion to the total drying time.

The gas-modulating control system with air
recirculation of 10 percent and without dehumi-
dification used gas and electric energy at the
rates of 2.905 and 0.250 M]J/kg of water remo-

ved, respectively. The energy savings in the gas

pues

DuPs
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Fig 6 Plot of energy consumption in electricity
and gas in the gas control system without

air recirculation in December.

modulating control system decreased from 25%
to 15%, and the drying time increased from 112
hours to 122 hours. In the control system with
air recirculation of 20% and 30%, the energy
consumption of gas also increased to 3.358 and
3.885 M]/kg of water removed, respectively, and
their energy savings were changed to 1.14%
and —15.54%, respectively, compared with the
conventional system.

The effect of air recirculation to conserve dr-
ying energy was adverse because the water re-
moval rate decreased due to the high humidity
of the recirculated air. Consequently, the recir-
culated air always required dehumidification to
conserve the energy of exhaust air. However, as
the ambient air temperature in August was re-
latively high compared with other months in

southwest Louisiana, air recirculation with de-
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Fig 7 Plot of energy consumption in the control
system with dehumidified air recircula-

tion of 50% in December.

humidification was not required.

The conventional and controlled systems re-
quired more than twice as much drying energy
in December as in August. The energy consum-
ption rates of the conventional and control sys-
tems without air recirculation were 8.276, 7.631
M]J/kg of water removed in gas, and 0.266 and
0.253 MJ/kg of water removed in electricity, re-
spectively. The energy saved was only 7.72%
compared with the total energy of the control
system without air recirculation. The effect of
the gas-modulating control on the energy saved
significantly decreased in December compared
with that of the gas control in August. The cont-
rol system with 10% air recirculation and wi-
thout dehumidification in December also sho-
wed similar trends in energy requirement to

that of the control system in August. Air recir-

W Azgol A B Aol B¢ AlEH A

culation without dehumidification required
more energy because it extended the rice dry-
ing time, and the energy saving of the gas mo-

dulating control system was —6.75% with the

-drying time being extended by 22 hours.
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The control system with dehumidified air re-
circulation required less energy than the conve-
ntional system as the air recirculation ratio inc-
reased. The control system with 10% air recir-
culation and dehumidification saved 12.9% of
the energy and extended the drying time by two
hours. As the ratio of dehumidified air recircu-
lation to the total mixed air by volume increased
from 10% to 80% in steps of 10%, the energy
consumption rate in gas decreased significantly
as shown in figure 8. Hence, the energy savings
in rice drying for one batch increased by 12.9,
18.6, 25.8, 31.8, 38.9, 44.7, 50.9, and 57.3%, res-
pectively. Furthermore, the amount of gas re-
quired during each time step gradually decrea-
sed with drying time, forming a sinusoidal cu-
rve. This trend was more obvious at a higher
ratio of dehumidified air recirculation.

Consequently, the gas-modulating control sy-
stem with dehumidified air recirculation could
save a significant amount of drying energy com-
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in the gas-modulating control system

with dehumidified air recirculation.
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pared with the conventional system when no
energy consumption of the dehumidifier was
assumed. However, if an electrical dehumidifier
was used for recirculated air instead of a solar
energy dehumidifier, the optimum ratio of de-
humidified air recirculation would be determi-
ned based on the energy consumption of the

dehumidifier.

Drying Cost

A. Cost of In-Bin Rice Drying in August

In drying a ton of rough rice from 22% (w.b.)
to 13.5% (w.b.), 98.3kg of water must be remo-
ved. At an energy consumption rate of 3.67 MJ
/kg of water removed in the drying system with
a conventional burner, it requires 360.76 M]
(351.91 MJ) of energy, whereas at 2.82 MJ/kg
(2.86MJ/kg) of water removed in the gas cont-
rol system without air recirculation, it requires
277.21 MJ(281.14 M]). The values in parenthe-
ses indicate the average data from actual drying
tests of Verma and Jacobsen(1987).

As91% (90%) of the total energy is from gas
and 9% (10% ) from electricity as a result of this
simulation; therefore, each ton of grain requires
7.30kg(7.12 kg) of gas and 9.02 KWh(8.80KWh)
of electricity in the conventional system, and
5.61kg(5.60kg) of gas and 7.70KWh(7.81KWh)
of electricity in the gas-modulating control sys-
tem without air recirculation.

Considering gas at $0.27/kg and electricity at
$0.08 per KWh, the cost of gasis $ 1.97($ 1.92)
and electricity is $ 0.72($0.70) in the conven-
tional system, whereas in the gas control system
the cost of gas is $ 1.51($ 1.54) and electricity
is $0.62($0.63). Therefore, the total cost per ton
of wet rice is $2.13($2.17) in the gas control sy-
stem without air recirculation. The control sys-
tem with air recirculation and without dehumi-

dification did not reduce the drying cost be-
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cause of the increase in total drying time.

B. Cost of In-Bin Rice Drying in December

The cost of electricity in drying a ton of rough
rice in December is similar to that in August,
but the cost of gas in December increases by
more than double compared with that in Au-
gust. The costs of gas and electricity per of wet
rice are $4.45 and $0.67, respectively, with a to-
tal cost of $5.12 for the conventional system.
Gas and electricity costs in the control system
without air recirculation are $4.10 and $0.63,
respectively, with a total cost of $4.73.

The gas-modulating control system with air
recirculation and dehumidification could signi-
ficantly reduce the drying cost if the cost of the
humidifier is ignored. In the control system
with dehumidified air recirculation of 10% to 80
% , the total costs per ton ton of wet rice are $4.
50, $4.25, $3.91, $3.64,%%$3.32, $3.06, $2.79, and
$2.51, respectively. Hence, rice drying with a
gas-modulating control system in December re-
quires dehumidification of recirculated air to

save drying energy.
CONCLUSIONS

1. The gas-modulating control system wi-
thout air recirculation saved 25% energy in Au-
gst and 8% in December of the total rice drying
energy. Compared with the conventional system
in the simulation based on the weather data in
southwest Louisiana, the energy saving in the
actual drying test in August was about 30%.

2. The energy consumption rates of gas and
electricity in the modulating control system wi-
thout air recirculation were 2.59(2.50) MJ/kg
and 0.23(0.30) MJ/kg in August and 7.63 and 0.
23 MJ/kg in December, respectively. Those in
the conventional system were 3.40(3.34) MJ/kg
and 0.29(0.36) MJ/kg in August and 8.28 MJ/kg
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and 0.27 MJ/kg in December, respectively. The
values in parentheses indicate the actual data.

3. Air recirculation without dehumidification
increased the drying energy consumption and
drying time in both August and December, and
it decreased the energy savings of the gas-mo-

dulating_

4. The modulating control system with dehu-
midified air recirculation reduced drying ene-
rgy by 12.9%, 18.6%, 25.8%, 31.8%,389%, 44.7
%, 50.9% and 57.3% in December as the recir-
culation ratio increased from 10% to 80% in
steps of 10% under an assumption of no energy
consumption by the dehumidifier.

5. The total drying cost in August per ton of
wet rice was $2.69($2.62) for the conventional
system and it was $2.13($2.17) for the gas-mo-
dulating control system without air recircula-

tion. Air recirculation was not required in Au-

gust because of the high drying potential of am-
bient air in south Louisiana.

6. The total drying cost per ton of wet rice in
December was $5.12 in the conventional system
and $4.73 in the gas control system without air
recirculation.

7. The gas-modulating control system with
dehumidified air recirculation saved drying
cost. As the dehumidified air recirculation ratio
increased form 10% to 80% in steps of 10%,
the total cost per ton of wet rice decreased gra-
dually from $4.50, $4.25, $3.91, $3.64, $3.32, $3.
06, $2.79, to $2.51 respectively.
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