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[The assumptions; [0% discount rue, 20 years project life, sadvage value = 0, benefil 66,663

Lahy/ycar, in-store cor drying]
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Field Trial of In-store Paddy Drying and Storage
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Somchart Scponronnarit, Pipatana Amatachaya,

Suvmkiat Prachayawarakorn, Adisak Nathakaranakule, and Sitthichai Inchan

ABSTRACT

The aim of this paper is to investugate the field triaf of in-store paddy drying and storage. Both paddy
guality and cconomics were Laken into consideration. Ambient air flow rate of 0.57 m'min-m’ of paddy was
blown through the paddy bulk with 105 ton capacity. The experimental results revealed thal moisture
reduction al deeper depth from surface was faster than that at Tower depth from surface. Moiswure content of
paddy wis reduced [rom 17 % wet-basis 10 11.6 % wel-basis within 9 weeks and then puddy bulk was
continually stored within 19 weeks. Paddy qualities in terms of whiteness and head yield were still
mauintained as compured to reference sample. Electricity consumnption during drying stage was 14 kW-hfton
of paddy (USS$ 0.84 fion of paddy). For storage, electricity consumption for ventilation, 2 h each time in a
week, was 1340 kW-h Jton of paddy (US$ 0.08/ton of paddy). The economics analysis by present worth
methad showed that in the case of in-store drying with only additional investment in air ducts, payback
periods were |5 years and 1.6 yeurs for discount rutes of 10 % and 15 % respectively (for once a year of
paddy drying). However, for twice a year of paddy drying, payback periods reduced 10 be 0.6 year and 0.7

yeur at discount raules as mentioned before. Moreover, both income and project life were sensitive (o net
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present worth. From comparison between the investment cost of in-store paddy drying and that of sun drying

on a concrele pad during term of 20 year project life, it was found that payback perieds for the in-store

paddy drying were 6 and 7.5 years for discount rales of 10 % and 15% respeclively but there were no

payback periods for the sun drying. Income, cost and discount rate for in-store paddy drying were very

sensilive 10 net present worlth while only cost in sun drying was significant to net present worth.
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Figure 2 Positions of temperature sensors and electric fan in a warehouse.
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ABSTRACT : SOLAR DRYING IN THAILAN[;
Somchart Soponronnaril**
**Associale Member ol Lhe Royal Inslilute, Prolessor, School of Energy and
Matarials, King Mongkut's Institule of Technology Thonburi, Banghkok.

®
Paper presenied al lhe Royal Insiitute. Bangkok, March 19, 1997,

Research and development work in solar drying conducted in Thailand during

the pasl 15 years is reviewed. Technical and economic results indicate that solar drying
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for some crops such as paddy, muitiple crops and fruit is feasible. However, both the
farmers who accep! solar drying and the places where il is accepted are still very few.
This may be due to the long payback period and high initial investment cost. Research
and development work on solar air healers is also reviewed. Most of the solar air
healers developed in Thailand have used modifications to the roofs of buildings. Both
bare and glass-covered solar air heaters have been found lechnically and economically
feasible when compared to electricity but have not been abte to compared with fuel oil.

Further research and development work should be continued in order o reduce cosls.

A standard tesl for solar air heaters should also be deveioped.
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ISTRACT : PAPAYA GLACE DRYING USING HEAT PUMP"
Somchart Soponronnarit™*, Prathan Rukprang,

Adisak Nathakaranakule and Somboon Wetchacama

* Paper Presented at the Royal institule, Bangkok, August 6, 1997.

okl Assoclate Fellow of 1]15. Royal Institute; Protessor, School of Enargy and Materials,

King Mongkut's Institute of Technolegy Thenburi, Bangkok.
The purposes ot this research are 1o design, construct, evaluate performance and
fuct cost analysis of heat pump fruit dryer. Tha dryer consists of cabinet dryer and heat
pump. Product capacity of the cabinet is 100-132 kg with 12 trays and the capacity
of 13 heat pump is 1 ton refrigeration. In this experiment, papaya glace’already is dried in
close-loop air with drying temperature 50°C, air flow rate 0.45 kg/s and by pass air
63 9%. Drying operation is divided into 2 steps. In the first step, papaya glace’with
dimension 6.35 x 15 x 2.5 cm® and intial moisture content 74 % db. is dried. In the
second step, papaya glacé already drled in the first step is cut into 0.98 x 0.98 x
0.98 cm® and dried to final moisture content 23 % db. The results are as follows: drying
rate 0.686 kg water/h, moisture extraction rate from evaporator 0.78 kg water/h, drying
time of two steps is approximately 80 h ( 40 h in each step). Energy consumption is 9.93
MJ/kW-h or SMER (Sp_ecific moisture extraction rate) is 0.363 kg water evap./kW-h at
specific air flow rate 21.42 kg dry air/h-kg dry papaya glace’. The coefficient of
performance of heat pump (CGPhP) varies between 3.71-3.835. For the quality of papaya
glacé after drying in terms of color, it is found that color of papaya glace’ is light
orange-red (code 34-C from R.H.S colour chart).
For cost evaluation from this experiment, it is found that the cost of papaya glace’
drying is 12.8 bath/kg water evap. of which 5.3 is energy cost, 1.4 is maintenance cost

and 6.1 is fixed cost.
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m = watar condensed at evaporator
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Table 1 Experimental drying results
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Description TEST No.
1/1 1/2 2/1 2/2 3/1 3/2
ambient condltion
average temperature {"C) 28.9 29.3 28.5 28.9 293 293
average relative humidity (%) 77.5 71.6 65.6 56.9 746 74.9
conditlon of papaya glacé
averge moisture before drying (% db) 74.8 40.4 73.8 38.3 74.8 367
averge moisture final drying (% db) 40.4 23.2 38.3 23.6 363 19
inilial weight (kg) 70.4 56.5 1011 BO.1 132.2 101.0
final weight (kg} . 56.6 49.7 80.5 71.6 103.4 880
drying alr condltion
temperalure { C) - 50 50 50 50 59 50
specific air flow rate
(kg dry air/h-kg dry papaya glacé) 40.3 40.2 279 29.8 21.4 219
by pass air (%) 63 63 63 63 63 63
energy consumptlon
energy consumption (MJskg waler
avap.) 15,95 39.73 11.56 38.02 9.93 19.75
drying time {h) 42 40 41 48 42 38
performance of heat pump
drying rate (kg water evap./h) 0.327 0171 0.504 0177 0.686 0.343
MER (kg water condensed/h) 0.541 0316 0578 0.195 0.780 0.544
SMER (kg waler evap./kW-h) 0.172 0091 0.266 0.095 0.363 0.182
COPM 3.82 3.76 3.85 3.73 3.83 3.8t
Whaere MER = maisture extraction rate from evaporalor
SMER = gpeciic molsture extraction rate
CcOP = coefiiclent of parformancae for heat pump
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Table 2 Comparative results analized from air and refrigerant loops

Description Test No.
171 1/2 271 2s2 321 3/2
Wc 1.31 1.3% 1.31 1.31 1.31 1.31
m, 0.02335 0.02424 0.02409 0.02350 0.02335 0.02266
m 0.02092 0.02320 0.02137 0.02244 0.02077 0.02090
m_ 0.00243 0.00104 0.00272 0.00106 0002589 0.00176
Q” 3.69 3.61 3.73 3.58 3.7 3.68
Q_J 3.64 3.85 3.81 3.68 3.69 3.54
% error of Q' 1.23 6.51 214 2.74 0.44 3.89
Q 0.43 0.18 0.48 G.18 0.46 0.31
) 457 474 456 472 4.56 4.68
Q, 4.06 453 417 4.36 4.08 4.08
% erfor of Q 1109 4.38 8.54 757 10.6 12.74
COPm. 3.82 3.76 3.85 3.73 3.83 3.81
C’OPM_r 3.78 3.94 - 3.91 3.81 3.82 3.70
% error of COPM 1.34 6.35 2.04 2.84 0.37 3.92
Whare W: = powar inpul al compressor, kW
m, = mass flow rate of refigerant, kg/s .
m, = mass fiow rate of refrigerant in jnlernal condenser, kg/s
m = mass flow rate of refrigerant In exiernal condenser, kgss
Q = net cooling effect at evaporator calculated from alr loop, kW
O.: = nel cooling effect at evaporalor calculated from rafrigerant loop, kKW
Q = net heal igjecled al intarnal condenser calculated from alr loop, kW
O:: = net heat relected at inlernal condanser calculated from refrigerant loop, kKW
Ou = net heat rejected at external condsnser calculated {rom alir loop, kKW
COP . - coefficlent of perdormance for heat pump caleulated frem alr leop
CoP = coefficianl of performance for haat pump calculated from rafrigerant loop
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Performance Testing of Industrial-Scale
Fluidized Bed Corn Dryer
TUFIRA Imnmrsmq'né1 auYIRE eIt Aungy AnAws?
uaz Tyl Ignunme!

Somchart Soponronnarit, Somboon Wetchacama, Komkrit Kittiporn,

and Chotiwoot Vitsutdipat

ABSTRACT

Fluidized bed paddy dryer s commercially successtul at present. The dryer is applied (o be used with
corn grain, another important crop in Thailand. The objective of this research is to investigate performance
of industrial-scale fluidized bed corn dryer. Parameters affecting drying rate, energy consumption and product
quality were considered. Experimenlal results showed that the rate of water evaporation increased with initial
moisture content of corn and drying air lemperature while specific energy consumption increased when initial
moisture content decreased. Corn quality in terms of breakage and stress crack increased when drying air
temperature increased or final moisture content decreased.

Key words | fluidized bed. drying, grain
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Nirachara Srisubati, Somchart Soponrennarit, and Tipaporn Yoovidhya

ABSTRACT

The effects of temperature and relative huwnidity in storage chambers on yellowing rate of paddy were
investigated and then an empirical equation for predicting the yellowing rate was developed. Paddy was
cenditioned using saturated salt solutions at relative humidities from 80 to 93 % and temperatures 35, 45.
55, 60, and 65°C. The yellowing rate was found o follow the zero order kinetics. The yellowing constant
values (k) increased exponentially with temperature while increased linearly with water activity. The magnitude
of activation energy varied {rom 130-145 kl/mol. A predictive equation for determining yeflowing rate was
In k = - da,, - &T + (ya, )T where a is water aclivity (valid from 0.80 to 0.95). T is absolute temperature
(valid from 308 to 338 K) and ¢ O, € and ¥ are constants. The results of variance analysis showed (hat
temperature, water activity and their interaction significantly influenced the yellowing rate of paddy.

Key words . paddy, temperature, relative humidity, yellowing
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Figure 1 Relationship between vellowness and time at 60°C at different relative humidities.
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Table 1  Experimental results of rate of yellowing at different lemperatures and waler activilies.
Temperalure  Sall solution By Calculated ! Actual k r2
(°C) enic (%db.) emec (%db.) (b unitday)
35 {(NH4)7,504 0.798 16.91 16.94 7.20%10% 093
45 {(NH4)2504 0.793 16.53 14.88 4R1*102 096
55 KCt 0.806 16.60 14.03 307107 0.98
60 KCl 0.800 16.34 14.21 584*10°0 095
65 KCl 0.793 16.05 13.47 1.0% 0.99
35 KCl 0.830 17.75 17.93 |.88%102  0.99
45 BaCls.H,0 0.860 18.38 18.05 5.14%102 091
55 BaCly.H,0 0.840 17.51 18.39 4571071 0.99
60 BaCly.H,0 0.830 1711 19.48 9.79*10° (.98
65 BaCly.H,0 0.820 16.72 18.20 2.08 0.99
35 K3S504 0.967 24.29 30.97 5.19%102 097
45 K580, 0.961 23.36 30.60 LIsE10t 099
55 K250, 0.955 22.53 27.90 792¢10°0 093
60 K804 0.952 22.14 29.40 2.16 0.99
65 K250, 0.949 21.78 26.83 3.87 1.00
I Calculated from Henderson's equation
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Figure 2 Relationship between rate of yellowing and water activity af different temperatures.
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Figure 5 Relattonship between activation energy (Ea) and water activity.
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Table3  Variance analysis ol rate of yellowing.

Source of vanalion Sum ol square Degree of freedom Mean square Fo
Temperature 22.20 4 5.55 21788.14
Waler aclivity 5.31 2 2.66 10432.82
Interaction 5.94 g 0.74 2913.31
Error 3.82%10 15 2.55%104
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This paper describes the spin-off from fluidized bed paddy drying by high air tem-

perature at various initial and final moisture contents. Experimental results showed that

head rice yield could be increased while other qualities of rice were acceptable. Maximum

value of head rice yield was obtained when final meisture content of paddy was in the range

of 19-22 % wet-basis. The factors affecting the increase of head rice yield were initial and

final moisture content of paddy and tempering process while drying air temperature of 140

and 150 °C gave similar result.
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