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EFFECT OF TEMPERATURE OF PADDY FLUIDIZED BED DRYING ON WHITENESS
BEHAVIOUR AND HEAD RICE YEILD OF RICE
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ABTRACT: The main objective of this work is to study the effect of drying temperatures, in a wide
range of temperature between 40 and 150°C, the fluidized bed drying, on physical qualities of rice in terms
of head rice yield and whiteness. A variety of long grain paddy samples used in the experiments is
Suphanburi 1. This variety contains amylose content of 27% and is commonly used for making rice flour.
The batch drying experiments were set-up at an airflow rate of 2.5 m/s and a bed depth of 9.5 cm. The
drying air was forced continuously through the paddy bulk at an initial moisture contents of 25.6-33%dry
basis (d.b.). After drying, the paddy was tempered and followed by ventilation with ambient air until its
final moisture content was reduced to 16.3% dry basis.

The results has shown that whiteness and head rice yield for paddy containing the higher
moisture content of 33% dry basis when subject to be dried at temperatures below 80°C insignificantly
changes from that of the reference sample, which was dried by the ambient air, Drying at temperature
above 100°C provides the relatively higher head rice yield and the slightly more yellow around the
surface of white rice.

KEYWORDS: Paddy Fluidized Bed Drying, Grain, Physical Rice Quality

For further details, contact Mrs.Supawan Tirawanichakul, Energy Tech. Devision,School of Energy and
Materials, King Monghkut’s University of Technology Thonburi, Soi Suksawat 48, Bangkok 10140, TH.
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1. INTRODUCTION

The management of the highly moist paddy under the tropical climate is an
extremely serious problem because the high humid air condition can encourage the
excgssi\_xe mould growth and the grain can rapidly releases the energy from their
respiration, thus causing the occurrence of yellowness in the kernel. To manage the high
quantities of moist paddy (moisture content is higher than 20% wet basis), a well-
known fluidization drying technique is used. This dryer type has the advantages of high
drying capacity and uniform grain moisture distribution.

Driscoll and Adamczak [1] reported that very high moisture of paddy must be
reduced to 22% dry basis within 24 hours to prevent substantial losses. They stated that
the fluidized bed dryer gave better economy, gentle grain handling and shorter drying
time than the LSU dryer (developed by the Louisiana State University in-the mid-
1950s).

Sutherland and Ghaly [2] studied the fluidized bed drying of paddy using
temperatures of 40-90°C to reduce moisture content from the initial moisture contents
of 28.2%-35% dry basis to final moisture content of 20.5%-23.5% dry basis,
respectively. They found that a head rice yield between 58-61% was obtained for
reducing the initial moisture content of 28.2% dry basis to 20.5% dry basis. For
reducing the high initial moisture content of 35% dry basis to the final moisture content
of 23.5% dry basis at temperatures of 60-90°C, the head rice yield was in a range of 55-
58%. There was the insignificant relationship between head rice yield and drying
temperatuee.

Satayaprasert and Vanishserwatana [3] studied fluidized bed drying of corn at
temperatures of 60-90°C using air velocities of 2.7-4.2 m/s and bed depths of 3-12 cm.
Their results indicated a logarithmic drying rate, which was virtually implied the
moisture transport to be controlled by intemal diffusion. Soponronnarit and
Prachayawarakorn [4] have significantly contributed to the research and development
on fluidized bed drying. They concluded that the drying air temperature and the final
moisture content had the greatest effect on paddy quality. They cormunended that the
drying temperature should not over 115°C and final moisture content of paddy was not
lower than 24-25% dry basis. Soponronnarit ef al.[5] designed and constructed the cross
flow fluidized bed dryer with a paddy capacity of 200 kg/h and used recycled air for
reducing energy consumption. Comparison between their experiment values and
simulation values were good agreement.

Quality indexes which is used as an important criterion for evaluating the
qualities of rice are the rice yellowing (or whiteness) and head rice. Many researchers
have studied on yellowness or whiteness [Quitco [6]; Gras and Bason [7];
Soponronnarit ef al, [8]; Yap et al. [9]]. Gras and Bason [7] reported that the loss of the
nutritive value of rice was occurred when the rice had an intense yellow.

Quitco [6] observed the yellowing of milled rice and concluded that the
accurulation of fungal metabolites (Fusarium sp. Aspergillus flavous) might be
expected to produce typically the distinctly yellowed individual rice kernel while the
non-enzymic browning might cause the overall change in hue. Some microorganisms,
such as: Curvularia sp., Aspergillus terreus and A.ochraceus. might be expected to
produce the blacked rice kernels. Quitco [6]; Gras and Bason [7]; and Yap ef al [9]
studied on the influence of the water activity, temperature and storage atmosphere on
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the yellowing of white rice kemels. Gras ef al. [10] summarized that the water activity
and temperature mainly affected the degree of yellowing rates. So far, the rate was
slightly affected by the presence of oxygen (O2) but not by the carbon dioxide (CO»).
Soponronnarit et al. [8] studied on the yellowing of rice kernel. The results were
concluded that the yellowing rate was the zero order kinetics and the equation could be
used for the range of 35°C to 65°C and water activity of 0.80 to 0.95%. The statistical
results were shown that the temperature and water activity significantly influenced the
yellowing rate of paddy.

Due to the operation at high drying air temperature for the commercial fluidized
bed paddy dryer, the physical qualities of product in terms of head nice yield and
whiteness must be maintained and acceptable in market. Thus, the tempering process,
which was recommended by many researchers [Steffe ef al. [11]; Zhang and Litchfield
[12] and Soponronnarit e al. [13]], was used to temper paddy after fluidized bed drying.
Soponronnarit et al. [13] suggested to temper the grain between each drying pass
because during the tempering period, the moisture profile in the rice kernel is equalized
through moisture diffusion and this equalization would decrease the stress caused by
moisture gradient within the kernel. Thus, the head rice yield after the next pass of
drying could be maintained. Poomsa-ad ef al. [14] recommended that in drying paddy at
high temperature with fluidization technique, it should not be removed the water content
lower than 22.5% dry basis in the single stage drying, corresponding to the gram
temperature lower than 100°C, with subsequent tempering for 30 minutes. This
condition is not only maintained high head rice yield but also prevented the yellowing.

So, the objective of the work is focused on the effect of drying temperature,
ranging of 40-150°C, on physical rice qualities in terms of head rice yield and nce
whiteness after the whole drying process. The moisture content, rice whiteness and head
rice are presented.

2. MATERIALS AND METHODS
2.1 Materials

Newly harvested paddy (22-25 %dry basis (d.b.)), which was provided by the
National Rice Research Center, Thailand, used in all experiments were rewetted, mixed
and kept in a cold storage at a temperature range of 3-7°C for a week. A local variety of
long grain rough rice, Suphanbur I, containing intermediate high amylose content of
27%, was used. The desired initial moisture content of rewetted paddy was about 25-33
%dry basis (d.b.). Before starting the experiments, paddy was placed in the ambient air
unti] grain temperature was close to environmental temperature.

FIGURE 1 illustrates a schematic diagram of batch fluidized bed dryer. The
dryer comprised of a cylinder shape drying chamber, a 12 kW electric heating unit
(4 heating coils) and a backward curve-blade centrifugal fan driven by a 1.5 kW motor.
The drying air temperature was controlled by a PID controller with an accuracy of
£1°C. A mechanical variable speed unit was used for regulating air flow rate. A
constant bed air velocity of 2.5 m/s was set up for paddy bed thickness of 9.5 cm.
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FIGURE 1 Ilustrative diagram of batch fluidized bed dryer
[Poomsa-ad et al.[14]].

2.2 Methods

FIGURE 2 illustrates a schematic diagram of drying system used in this work.
The desired final moisture content after fluidized bed drying was about 22.5% dry basis
[Poomsa-ad et al. [14]]. Tempering process was then used for grain relaxation(The
second step was shown in FIGURE 2). In this stage, the fluidized paddy would be put
into a glass bottle and kept in an oven at the same temperature as the grain temperature.
After the fixed tempering time of 30 minutes [Poomsa-ad er al. [14])], the paddy was
ventilated suddenly with a constant ambient airflow rate of 1.5 m/s. Finally, the paddy
was dried to final moisture content of 16.3% dry basis.

The ambient inlet air temperature (both dry bulb and wet bulb temperatures), hot
air termnperature, bed temperature, air outlet temperature and grain temperature after
drying were measured by K-type thermocouples connected to a data logger with an
accuracy of £1°C. The wet paddy with moisture content of 25-33% dry basis were
dried at the drying temperatures of 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 and
150°C with various drying time of 0.43-58 minutes. The moisture content of paddy was
determined by a standard air oven method at 103°C for 72 hours.
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Fluidized bed drying
Tempering

[ Ambient air ventilation 1

30 minutes

FIGURE 2 Illustrative schematic diagram of fluidized bed drying system

2.3 Physical properties analysis

To reduce the stress inside kemel, the paddy after drying were kept in a
complete seal plastic bag at room temperature for 2 weeks before testing physical
properties. The properties of the paddy were analyzed in terms of head rice yield and
whiteness of rice.

The milling quality testing followed the guideiines of standard method. The
head rice yield, which was defined as the ratio of mass of head rice obtained from
milling to mass of paddy before milling, was determined. Relative head rice yield
referred to the ratio of head yield obtained from the above-mentioned process to head
rice yield obtained from the confrolled sample. The rice whiteness was measured by
Satake milling meter.

3. RESULTS AND DISCUSSION

3.1 Moisture content and grain temperature during fluidized bed drying

TABLE 1 was shown the moisture content of paddy after fluidized bed drying in
range of 40°C-150°C. These grain temperatures were used for set-up oven temperature
when the tempering process was carried on. The results were concluded that the drying
time at lower temperature was longer than that at higher drying temperature.

For the tempering temperature, it was shown that at higher drying temperature at
110-150°C, the grain temnperature was higher than 80°C. At the drying temperature
range of 110-150°C, the average grain temperature was about 824+2°C. This temperature
range was close to the gelatinized temperature of rice kernel, thus it's possible to get
gelatinization occurrence during drying pass and tempering period..

-
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TABLE 1 Experimental results of moisture content of paddy and
graintemperature  after fluidized bed drying

Dryingelr |  Initial moisture Drying time Final moisture content
temperatu content
re
("0 (% dry basis) (min) (% dry basis)

40 25.0 23.0 18.0
28.2 36.0 18.3
F 32.5 58.0 18.2
50 25.0 13.0 16.8
28.2 20.0 18.4
325 30.0 18.4
60 250 79 183
g 28.2 11.0 18.2
32.5 21.0 17.8
70 25.0 5.0 16.7
28.2 8.2 18.4
32.5 14.0 177
80 25.0 ‘ yk 172
28.2 53 18.4
32.5 92 17.7
90 25.0 2.0 18.6

28.2 33 18.4 —T
325 6.1 17.9
100 25 1.5 18.0
28.2 3.0 17.9
32.5 4.4 17.9
110 25.0 13 18.0
28.2 24 17.7
325 34 18.1
120 25.0 1.3 17.0
28.2 2.0 18.6
325 3.1 18.7
130 25.0 1.1 17.0
282 14 18.5
3125 2.5 17.7
140 25.0 1.0 17.0
282 1.2 i8.4
3.5 2.3 17.9
150 25.0 0.4 17.5
28.2 1.1 19.2
32.5 2.0 18.0

3.2 Physical qualities analysis

(a) Head rice yield

FIGURE 3 illustrated the evolution of head rice yield of paddy in all
experiments. They were shown that in drying temperature range of 40-150°C, the head
rice yield of those expeniments were slightly different, especially for low drying
temperatures of 40-100°C. These were because the rice kernel was partially gelatinized
cause effect on hardness of rice. The rice after drying was tightly packed with polygonal
granules and spherical shaped protein bodies and these results were corresponding to
previous work (Poomsa-ad et al[14]). These results implied that at the high drying

-
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temperature of 110-150°C and initial moisture content of 32.5% _dry l_nasis, a drying
temperature effected to the physical quality of rice 1n terms of head rice yiceld.

{20

Relative head rice yield (%)

% +— 7T
10 a0 60 70 &0 90 160 110 120 130 140 130

D rving lemperature ¢y

— Mind!35db -0--Min28.8% db. —a—Min23% d.b.

FIGURE 3 Relationship between head rice yield and fluidized bed drying temperature:
Initial moisture contents of 25-33% dry basis: final moisture content of
16.3 % dry basis : Average head rice yield of control rice 50%

(b) Whiteness of rice

FIGURE 4 illustrates the evolution of whiteness of rice in each drying
temperature. For high initial moisture content of paddy 32.5% dry basis, the whiteness
decreased when the drying temperature increased. This is because the high temperature
caused the yellowing of rice kernel, implying reduce the whiteness values (non-
enzymatic reaction). For the initial moisture contents of 28.8% dry basis, it was found
that the drying temperature had significant effect on the whiteness of rice kemel.
However, throughout these experiments, the values of rice whiteness are still accepted
for the commercial propose. The rice whiteness should not be lower than 45 for good
quality in the rice market.
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Whiteness

Avecrgac contrel rice 49.8

40 ~ T T T T T T T T T L§ T T T

40 50 640 70 80 20 100 11§ 129 130 140 150
Drying temperature {°C)

~—&—Min 25%d.b. —<o—Min 28.8%d.b. —{—Min 32.5%d.b.

FIGURE 4 Evolution of whiteness of rice after fluidized bed
drying process : Initial moisture content of paddy 25-33%d.b. :
Final mositure content 16.3%4d.b. {after air ventilation)

4. CONCLUSIONS

. At drying temperatures of 40-150°C for fluidized bed drying, the value of rice
whiteness was in acceptable range and relative head rice yield is above 98%
compared to the reference sample,

2. At high initial moisture content of 32.5% dry basis, when the drying temperature
increased the degree of yellowness increase t0o. This is because the non-enzymatic
reaction in paddy.
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ABSTRACT: In designing the in-store drying system for grains or analysing the heat and mass transfers
occurring within dryer, it 1s necessary to know the primary physical properties such as size, density,
specific volume and friction factor in order to obtain the accurate results. In this work, we have
experimentally determined such properties for the /ndica and Japonica paddy, rye paddy, wheat and buck
wheat at the moisture content between 15% and 32% dry-basis. The results have been shown that the true
and bulk densities vary inversely with moisture content, but the specific volume and size change
proportionally. A simple power law model can suitably describe the friction factor for the grains. The
friction is strongly dependent on the Reynolds number and the grain type.
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ABSTRACT : This research is a comparative siudy of drying durian with hot air and superheated steam at the
drying medium temperature of 140, 150 and 170°C, the drying media velocity of 2.8 m/s and the material
dimension{widthxlengthxthickness) of 20x20%2 mm. The studied parameters were moisture, color and crispiness
change according to drying time. The experimental results showed that at the same drying medium temperature,
drying with hot air gave faster moisture change and crispier final product than drying with superheated steam. For
both drying media, redness (a), yellowness {b) and total color ditference (AE} had a risen tendency with drying
time, whereas lightness (L) was vice versa. The products dried by superheated steam were more reddish and
glossier than those dried by hot air. However, durian slices dried by superheated sicam and hot air had more

crispiness than cormnmercial deep fried durian,

Keywords : Crispiness / Durian / Superheated Stcam



i. Introduction

Thailand is located in a tropical region suitable for various fruit cultivation. A series of fruits -have been
planted and harvested all over the year such as durian, banana and jackfruit. Being rich in agro-products of
Thailand makes preservation techniques more necessary. Solar drying of fruits has been employed for years as one
of the preservation techniques but time consuming is its disadvantage. There were extensive researches connected
te drying technology for decade to produce final dried fruits of desired quality al minimum cost and maximum
throughput. The concept of using superhealed steam instead of air for drying was not employed until 60 years ago
in German (Mujumdar, 1995). The potential advantages of superheated steam drying when compared to hot air
drying are higher drying rates at above the “inversion temperature”, no oxidative deterioration, explosion and fire
protection, low possible pollutants due to closed-circuiling process and low energy consumption because bath of
the superheated steam and the evaporated water can be recycled (Li, 1999). However, superheated steam has its
possible restrictions i.e. the system is more complex, the sealing of the process is carefully needed, not suitable for
heat sensitive products, and some additional devices are needed for loading and unloading of the material.

To obtain the optimum condition for drying. the effects of operational conditions on drying performance
have been extensively studied. Tatemoto et al. (2001) showed that the drying gas temperature had influence on
drying rate and drying time. The drying rate becomes higher with increasing drying gas temperature and in case of
superhealed steam drying, the drying time decreases sharply with increasing lemperature at the refatively low
temperature. At the temperature increases, the decrement degree in drying time becomes smaller.

Color is an important quality index for dried product. Many researchers studied the effect of air
temperature on food drying (Shin and Bhowmik, 1995; Sokhansanj and Patil, 1996; Lozano and [barz, 1997,
Krokida, M K. et al., [998). Krokida (1998) stated that the rate of color deterioration was found o increase as
temperature increased and air humidity decreased. When each color parameter was investigated, redness (a} and
yellowness {b) parameters depended on both air temperature and humidity whilst lightness (L) parameter was
practically independent of drying conditions.

The present work is the comparative study of drying durian with superheated steam and hot air to obtain
an alternative mode of fruit drying. The effects of temperature and type of drying medium on moisture and ¢olor

changes and crispiness ot dried product are investigated.

2. Material and Method
2.1 Raw matcrial
Durian cv. Monthong was purchased from a local and sliced into a dimension of 20X20%2 mm (widthx

length X tthickness). The initial meisture of Durian slices was in range of 75.5-81.9% w.b.
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2.2 Drying Equipment A

A schematic diagram of the experiment apparatus is shown in Fig. 1. It composed of boiler (1), heater
(2), batch dryer (3), blower (4), and pipe and valve systems. The 30X30 cm drying chamber has an opening in the
front for inserting 3 trays of drying samples. With this drying equipment, experiments can be conducted with
either hot air or superheated steam by opening and closing valve no. 1. In case of using superheated steam, valve
no. 1 was opened for feeding steam into the system. Valve no. 3 (V.3) and 4 (V.4) were opened for blowing air out
of the superheated steam system. Both drying media were heated by heater and flown through drying chamber,
and then sucked by blower to recirculate into the system. Superheated steam temperatures were controlled by PID-
controtler with an accuracy of & 1°C. The temperature in the test section can be recorded by connecting data

logger 1 the thermocouple inserted at the desired position.

| QY
V2 i V.5

|
P i =

(a) Batch Dryer (b) Batch dryer chamber

Fig. 1 Schematic of experimental apparatus

2.2 Method

The drying experiments were conducted at drying medium temperatures of 140, 150 and 170°C and
drying medium velocity of 2.08 m/s. A sampling of the dried products was taken to check color, crispiness and
moisture cortent at every drying time interval. Compressive tests were conducted by using Instren 4301 series
universal testing instrument to determine crispiness that is defined by number ol peak in force-displacement graph.

For color measurement, colors of raw durian and dried durian were measured by Color spectrophotometer

{Minolta CR-300}.
The color of durian was represented by Hunter L. which comprises 3 parameters, i.e. “L.”, “a”, and *b".
“L” represents lightness, “a” represents redness or greenness while “b”’ represents blueness or yellowness. The

changes in each individuat coler parameters were calculated as follows:
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Fig. 5 Lighiness change at various drying temperatures using superheated steam and hot air

The relationship between lighiness and drying time was shown in Fig. 5. Lightness decreased with the
increase of drying time in every drying condition. It was found that lightness vaiues of durian dried by both
superheated steam and hot air a1 temperatures of 140 and 150°C were lower than those of commercial deep fired
durian after 20 minutes of drying. Drying with 170°C superheated steam resulted in much lower lightness values;

the values were lower than those of commercial deep fried durian afier 5 minutes of drying.

:

- & hotairl40

—e— steam |40

—a— hotairi50

—m— steam150

—k— steam| 70

Total color difference (delta E}

Drying time (mn) [

Fig. 6 Total color difference change a1 various drying temperatures using superheated steam and hot air
Fig. 6 revealed that at the first state of drying, 10tal color differences, AE of products dried at 150'C hat

air were higher than those of the products dried with 140°C hot air. Nevertheless, after 20 minutes of drying, there

was ne difference in AE values of both drying conditions. For drying with superheated steam, the AE values raised
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with increasing of drying time and drying medium temperature. AE values of products dried by superheated siearn
were higher than those dried by hot air bul not significani.

The color changes of dried durian slices were the results of thermal degradation and browning reaction.
In case of using superhcated steam, it problaby had the effect of condensation to be related. Additionally, durian
slices dried by superheated steam had more glossy surface than those dried by hot air. The glosssy surface was the
consequence of starch gelatinization.
3.3 Crispness

Table 1 Distribution of numbers of peaks in force-displacement graph

No. of peak 1 2 3 4 5 6 7 8 9 10 _‘
140H(15min) 50% | 10% 10% | 10% 10% 10% ‘
140S(20min) 40% | 30% 20% 10%
140H(20min) 20% | 10% | 60% 10%
140S(25min) 40% | 30% 20% 10%
140H(25min) 40% 30% | 20% 10%
1408(30min) 40% | 20% | 30% 10%
140H(30min) 10% | 10% | 50% | 10% | 10% 10%
150H(15min} 10% | 10% | 50% | 20% 10%
1505(20min}) 10% | 50% | 10% 10% 20%
150H(20min) 20% 10% | 30% | 10% | 20% 10%
1508(25min) 20% | 40% | 20% 10% 10%
150H(25min) 10% | 30% 10% | 10% 20% | 20%
150S(30min) ) 20% 30% 10% 20% 10% 10%
150H(30min) 10% | 20% | 20% 10% 10% | 20% | 10%

Reference* 50% | 50% |

H = hot air )

S = superhealed steam

*commercial deep (Tied durian

Crispiness of dried durian slices defined by number of peak in force-displacement graph from
compressive lest is represented in table 1. The more the number of peak means crispier products. [t was clearly
found that durian slices dried by hot air were crispier than those dried by superheated steam al the same drying

time and temperature. Nonctheless, there was na obvious effect of drying temperature on crispiness.
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4. Conclusions
4.1 moisture change

Moisture ratio changes significantly al the first statec of drying and at drying time of approximately 20
minules if converted to a constant value. Drying with hot air at the temperature of 140 and 150°C resulted in faster
moisture change of products than drying with superheated stcam. This showed that the inversion temperature was
higher than 150°C.
4.2 color change

Redness, yellowness and total color difference had a risen tendency when time passed, while lightness
nad opposite results. The products dried by superhealed steam were mere reddish than those dried by hot air. In
addition, it was found that durian slices dried by superhealed steam were glossier than thase dried by hot air.
4.3 Crispiness

It was found that drying with hot air gave crispier products when compared to those dried by
superhealed steam. However, drying with both media gave dricd durian slices that had more crispiness than

commercial deep fried durian.
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ABSTRACT : The purpose of the present study was to investigaie strategies for innovative lwo-slage drying
lechniques. This work concemed on the drying of shrimp using supcrhicated steam dryer followed by heat pump
dryer (SSD/HPD). Shrinkage, color, rehydration behavior and texture of dried shrimps were delermined. The
experiments were carried out in the two different stages of SSD/HPD. The moisture contents exited from the first-
siage superhealed steam dryer varied between 30% and 40% (w.b.). The first-stage superheated steam drying was
performed at a drying temperature of 140°C while the second-stage heat pump drying was operated at 50°C. in
addition, an alternative two-stage drying of SSD/AD (drying using superheated steamn dryer followed by hot air
dryer) was also investigated by changing the second-stage dryer from heat pump dryer (HPD) to hot air dryer
{AD) that operated ai the same drying air temperature as HPD. The results show that SSD/HPD dried shrimp has
much tower degree of shrinkage, higher degree of rehydration, better color and softer than single~stage SSD dried

shrimp. SSD/AD gives redder and softer shrimp but no shrinkage and rehydration improvemenis was observed.

Keywords : color; hybrid drying; rehydration behavior; shrinkage
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Table 1. The experimental conditions

Case no. Drying process/conditions

Case | SSD; Drying using SHS only, 140°C

(SHS: superheated steam)

— — 1

Case 2 SSD/HPD: Drying using SHS, 140°C until IMC = 30 £ 3.2% (w.b.)

and then followed by HPD, 50°C

Case 3 SSD/HPD: Drying using SHS, 140°C until IMC = 40 + 2.4% (w.b)
and then followed by HPD, 56°C

Case 4 SSD/AD: Drying using SHS, 140°C uniil IMC = 30 % 2.6% (w.b.)

and then followed by AD, 50°C

Case S SSD/AD: Drying using SHS, 140°C untii IMC = 40 £ 4.1% (w.b)
and then followed by AD, 50°C
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Figure 1. Drying curves of shrimp dried in SSD and SSD/HPD
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Figure 2. Drying curves of shrimp dried in SSD and SSD/AD
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Figure 3. Drying time of shrimp drying using different drying tcchniques
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Table 2. Percentage of shrinkage of dried shrimp obtain from different drying techniques

I Sample I Shrinkage (%)
Case 1: SSD process 37.50 £7.50
Case 2: SSD/HPD process (IMC 30% w.b.) 21.47 £7.36
Case 3: SSD/HPD process (IMC 4% w.b.) 31.20 £5.67
Case 4: SSD/AD process (IMC  30% w.b.) 3553 £7.79
Case 5: SSD/AD process (IMC  40% w.b.) 48.07 £8.87
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Table 3. Values of “a’, ’6’ and ‘L’ for the dried shrimp samples

Sample Colors
a ‘b’ L
Case 1: SSD process 6.05 12.27 4198
Case 2: SSD/HPD process (IMC 30% w.b.) 6.20 10.07 37.87
Case 3: SSD/HPD process (IMC 4% wb.) 9.45 12.72 38.22
Case 4: SSD/AD process (IMC - 3% w.b) 8.19 9.75 35.25
Case 5: SSD/AD process (IMC  d0% w.b.) 5.97 11.34 42.08
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ABSTRACT: This research is a study of combined heat pump and far-infrared drying, 1.95-kW far-infrared rod was
designed and insialled in the vertical direction, perpendicular to direction of drying air downstream. Heal pump dryer
contained 12 trays of product (100-132 kg-product capacity) inside. Drying experiments were conducted to evaluate dryer
performance, energy and time used for drying wetted cloths. Parameters studied were initial moisture contents,
temperature [or controlling infrared operation, and flow rate of inlet air. The experimental results showed that far-in{rared
contributed o decrease drying time at high initial moisture content and tow air flow rate. However, it had less influence al
the higher air flow rate. [t was clearly found that there was more energy saving when the temperature for controlling far-
infrared operation was set below the drying air temperature by approximately &-10°C than when the temperature was sel
cqual to the drying air temperature. The drying condition of far-infrared heat pump at 200% d.b. of moisture content, 5 1'c
of hot air temperaiure, 41°c of 1emperature for controlling far-infrared operation and 858 kg/hr of air flow rate, reduced
the maximum drying time of 3 hours with the energy consumption of 3.69 Ml/evaporaled water and heat pump
performance of 3.58.

]

Keywaords: drying / heat pump / infrared

230



1. UM

- ol [ e P ' v
ﬂ'ﬂguumﬂlﬂﬂumiaULtﬂou‘l’lwuﬂmsnﬂaumtao@1aﬂ?’mmaqn’lwaan’mmymmm

143}

Qmmwn’smagmm‘iﬁ wiw nisevudelanltuasanfiagd n‘wauuﬁmuuaﬁms‘f mMipuwiurunad ladiue uas
u

w o o - . . e " as A AW - =
nsauwisnputuanuiou Hudu mssvwisnuutuanutowihdiviteftaTuenufioy  dlassnainiedi
v oaa A v v e . -y i oo w . L, v w Py -
puLhINR N TRRAN TE Y s e 1d i LLa:qmwQW“tﬂumiauLm\ﬂu§amnmlm1usnmnauuazﬁ

rasndanunild  udlidaFofaldialumsauudsdantnoviusna I RuUBaandanu  msdnmiwiitas

natlunitouualeslduanusaulddanselan gensinmnmmIwTaIntan s Hedunsniinssuaunisud

%'o%“auﬁﬁwﬂmﬂ*::qno*‘l'l.‘ﬁ"s"auﬁ'uﬂum’]m”au%mﬂu’:%ﬁﬁwau’h

a P o -
WA I NIz UIUMTUHTIE U M saLu
o lasuanuiosiumegamunssudauthann linuihe isswauldadumads wasdswda

[ . - & . o - o a a - w & o o -
WA msmmﬂTuT,aUmaaamﬂi:qn@ﬂmmnmw:twuﬂs:mqﬁmw'lumsamma‘l@mnw o ludu

mMsFduanudaun was IREUNTII UM Ta LI IHRR A AN M TN Ea Y ﬂ'gﬂ'lﬂum'maﬁ 1

@a

A151a0 1 93

= o ¥ oA w A & aa
UVIlﬂUJ]ﬂUﬂ'!iE}'UH_'HQNﬁﬂﬂmmﬂ’JUﬂTzU')uﬂﬁuH?Qﬁﬂuﬂi"ﬁﬂ

| LR raafusl | aawdmdudu | uovifenimdy | sseeviedag | wdsouild
/ gAY viosauurts auur iy FIR
Min 1182 (R412(50 g) W |-/ 008 wb. | T=40,60,80°C 14 20,26 cm  |-FIR
Naizhang, =
(1092) -3, 3-5. 57 mm) V=0,137 274
m/min
Abe udy $nlfon (400 @) (025,035, |T=30'C 15 cm -FIR =0.167,0.333,
Afzal 0.47)0.14d.b. |V=03,05,07mss 0.5,0.625 Wicm’
(1997)
Fuuag Lien  |$3(60 g) -/0.276 d.b. T=43-117'C 6.5-12.3em  |-FIR=2000 W
(1998) ' V=15mfs -Electric Heater
= 4x400 W
Afzal LLDT {’fnu‘rﬂdﬁ 0.23/0.15db. |T=40,5570 ‘c 3 -Eleciric Heater
AU (1999} (300 g) V=05mls
T=30°C g -FIR = 0.167, 0.333,
vV =0.3,0.5,0.7mss 0.5 Wiem'
-Eleciric Heater
Afzal U0T Abe | urSs (40xd0xe  |3-51-5.44 T=30"C 15 em -FIR = 0.125, 0.25,
{1999) } kg/kg dry vV =03,05, 07 ms 0.375, 0.5 W/em”
o solid/~ RH =236,62% -Electric Heater
Vsewanl uaz | gEausiag 0.1/0.0445 T=70"C - -Gas oven B
135U (2544) Fawud (500 kg) w.b. T=7090"C 15-25 cm -FIR
Tan itae wordla drlie |- T=80"C 9.5 cm IR = 2000 W
Al (200]) (25)(25)(2 mm) V=21mls -Heat PUITlp
UAsaN (B5x3Imm)

=] o aa « o« - < .
Min 18 Naizhang ﬁﬂ‘b?"lﬂﬁ‘iBULHF}'U'!'MT'JU'N?E’E)HYI?'IL‘JQ wWun 11@m11qnua:mmn')mmﬂqa [ANFURFAL]

- ' va
aasruziaaluniseut utaoIna g wmandeuldann

231

-n' -~ o ' 3/
uaaurddnmdauroudiautn

G



4 A o ed Yo oo w  del a q. ¥ '
sumsusaersonzgnzaaadiilldfdeinmatlondafurninialdfndmaadusnimn Wilwnisdwomaiu
z e ar \ a ar ar Y I B
Founiafia LnsnAnfuarorlndduatduns iz fundanuanudeu tfnniwdaiusinog Inaeen Ty
¥ ¥V ¥
A o ma P o o o Ja_1gq ¥ oo ow ¥ oriynzl 4 A wm‘ﬂﬂlé’%U
fipanndsdsursusananns snunaniusiiag Indezlszaunnuangan vt lumenann
a o J d“ v a aow o o ]
wEsennTeduntesavelds1as19u wennnfiwudl AANNZANNMUIRAAANT 1-3 mm  3TOZHIIYDT
P < 38 ¥ . =
Eafusiuuiisurusa 14 cm gamgiludoseuwda 60°C uazanu oo 274 mimin 1
fou'lud fgadms Ta oW1 1 Yefdeud slsendandsalduin
Soulafmueaufiged miunseuuds e ldszoznalunseuunsnisohgn unzussnuan
nga
- v % - o ¥ e omn . A Ly oy ﬂ-ﬂ
Abe 1102 Afzal #ayrisauad i udfonduuiadioda@dunsuse wudl anvbusAULEIlEDN
= ' = W ¥ ¥ A = a as P g o Ve aq 1’1 &
Snagorainldlunseund sesuiadents sufou funsREA NI INIMLATANIVYTINOUNT WIAFITIY
n . ﬂl ol a3 e 2
aaarlunseunts Idroudhann santsmuaudu @8 uMs TN 0.333 Wiem' 1Tu 0.500 Wiem’ @13730
v u Yy ' a Y o an 2 ‘ﬂ 2 ' -
aarariunssuudalddaonnmssiuanududad@ours 13aen 0.167 wiem® 1ilu 0333 Wiem” UTAITINTISIAY
w o a o 4 ' Y o ' = =
arndufadsursusafissfuanudyigudr liannsoaanatlunsenuddldumin - daunisdua gy
o1 e seuniawsaana lunssuds idtoon i el vufisufunsiunnuduiidduds e
Fu uay Lien snuimssuwisfedieiiddunsusasufueimaion wud gungiuvsdunsuseuas
guvgiinimadeuiigimusoaanarlumseundsldunniigungiii uiumsmuldeandsau
foutiannuazgunmyasdiaadinuiesnnguugifiguiuld  Tuntsnanssfigumgiunsdudsuiageiy

u

qungiionie sudwazgungiiuvisdursusadrugamnpiionmadeougadugaildina lumsevudadosuaz

Q u

' >
aala Y

fg ”1 f‘]’ o 2 G W Y o a
Aummussdiaghunuaiid  dnfudmssandaaildlunisesuds msdsendandson wasguamuesads
' o ¢ = o o a ' ' S
sglunasing wuitnguugluvsdursusa 357°C gamgiienadsu 43°C uazsyozriaszritumaburuse
Audag 12.5 em iuan ez auiiaa
9 o g - = [} o ]
Afzal Uaz amz Anviniseuwtediiuisiaddwiadsursusasutueinedsu wudl mIsuiadag
ar aq ‘VJ 1 o ¥ o \lﬁld ] ¥ ﬁ |4 = v A n‘ A
FIgsurssAT AU IAMIAT pUAILITaB LN 4 14153 R 7o Lu 4R 108 1Mes st L@ s LAz A Aes
ar a ' a %J ar aq T\l ' nl Y ' ry - ar ' o
WANMUBUNTT  MERUAMNELSIadud T usarwaara lunmsouuds  wavedudfvandsauazdana
£ d o 3 PRy - Y e - o o Y o oo
Weniwuanisienvesdiuiadasas  Goulvlunseuudeafimunzaufe  Aszdunlriduvesdafdudsuia
7 a o 3w ¥ o 8 2 & a o q 8 ¥ a
0.333 W/em' @umMawea s enIms vesound s I iamsful deandssuuazdslfnaeuui aviuuin
& o = 4 . v = o o e w o
Pumazanmiemangainih Idifansssueanuioufindndusioen i
Afzal HBZ Abe TAYINMISANYINITRILR 1A 0T 9T B urs 1T AN auvesiudss TaoldiGaulatu
ninaapaviipuiudviied  wudrldransnaassluuamudinidumssuudedinnsiad  uazgungivos
a a P a ar v aa ' I & w reta o . Py
nanAwaidawinfissdunnuduvesds@dudssage  dausrdududiniomea hilidninadernatildums
W
DAY
o & o P v o A {  a o o
UseWand oadund uastiudo AIITINNd AN INITAAAUTUILAALZL 1T LWIUA G M UNTABN
3 o a r P - & 1 e o
iwe laoldsa@Bursnsa wud guvmgiumuzantunseuuds 70°C szuz@ansuviadudsusa 15 em wenIntids
" ¥
wy31 nsevlavld e doursuialdnarluniiou 6 $11us Fudsawmdsnufadiuby 80.95 UM uazAILT I
; S - .
143 v TuaneRgeuuialdinarlunieu 26 $1lus Funlfosndsamuaadu®u 23133 1w nazawTa 429
=] Lot A o Yar o ar 5/ o & bl < «
P newaayssruyaud o lEssTsurssanaindszvdanaild 769 weniEud  navilizyiei
1¥51ous6 18 66 (losiTua

232



Tan et al. ﬁnmmiammqé’vuﬂnmmwuﬂnnusmauﬂﬂﬁﬂ 'lum'mﬂamu'l‘nmasTmﬂtﬂmmuw
(type T) ﬂﬂa'hluwﬂmm]u (PID commllcr) tﬁum{‘h'hJ"lumawamnmcnLwaﬂwauqmnnuuawaﬂnmm’lﬂﬁ
ANTAMUA (set point temperature) ﬂauumﬂﬁmmsaumnsmauﬂsmﬂgnﬂ‘mﬂuTﬂuamnnwmwaﬂnmm
mi:"ﬂmaaauﬂsmﬂwuwnamﬂmwﬂnnﬂmmwﬂmuﬂh vneanisneaswyaduaens®  Aentdlusn
muauqmwnuﬂaﬂnmmwumuﬂ 38°c (fhuaar 10 uid RowipIunuii 36°C umnsmﬂﬁmmm]uqmnnn
wAnfualuduf 45°C Human 10wl Aoinunui 40'c wmmsmusnmamwgumnmm‘l*maﬂums
puudaleundinsdifians Luawmmmuﬁnmwaqqmugummﬁnuqmnguwaﬂnmmuaonsmﬂﬁmﬁﬂ'mau
ninsdiuan damalinisaismanudousinndadust lneniswiig o Wl ldna lunssuudsuwnnds dau
ms‘l%’?aﬁ"éuﬂsu'sm"mﬁuﬁuﬂ11u?aummsnaﬂnmlumsBuuﬁa‘lﬁ'ﬂ'eu{mmn dionivuifeusunis 195y
PRGN IR AR TS §nﬁ”~1ﬁuaamﬁmﬁmqﬁﬁaadiummﬁﬁﬁ

vinameifuiinamu msﬁnu1ms&muﬁqTaﬂ%ﬁumm%’au*f’mﬁu?a-ﬁﬁuﬂswu.saﬁqﬁ'lﬁu1n1ﬂaxnw1z
Tutfsznelno ﬁqﬁu"luﬂﬁﬁuﬁlﬁatﬂumi?&nmﬁuﬁwaqms’l‘fr’i‘iumm%’aus’mﬁus‘ﬁﬁuﬂinmhmsa‘uuﬁ’c
Tﬂuﬁ'ﬂyma-ummsauuﬁ’qﬁwwﬁvﬁauﬁumm%’au HP) uaziunrudeusmfusuriuse  (HP&IR) e
’imﬂzﬁtﬂ?vmﬁumwiwmsauuv’r’qﬁvmaauwTﬂumﬁqﬁaﬂﬂﬁu‘ﬁ'ﬂmans:wue{aﬁmsnuzuam%‘amuuﬁaﬁa
gunnioinmmouuds  qungiiaruguersilailauneis@dursusa  (set point temperature; setpt)  $A31013 T a

YBIDINMADULNA uasAILUS LA Yo Ak

2. qﬂn1n§ua:’;5n11

wipeuuiauutinansfeusanTudussaise U FRaf e e dBurssaTun 0.65 kKW AU 3 wid
'Luuuov‘fqmnﬁuﬁﬂmom?‘luﬂ'ﬂmmmﬁﬁmummuw«'&’qﬁmuﬁmxﬂ:mqmnﬁ’aasutLﬁq 0.12 m Inefiszazing
SN AUMIREDUNTNTA 0.25 M TAINEOUTTNALFADIRUILIV IR FTLANTIY 45 KW 1iaminssuey
3.66 KW A3eAlE 1.3 KW WARNUANTLAR 0.75 kW WARMAMILLALE SAILILUFIUENLAS ARBMT X METINA
50 W gisuuwisdaianiotuiniu 0.90 1.(041a) x 0.80 1.(879) x 0.75 1.(49) @mNTnuITRIaduamIARTUNA
0.74 1.(N$19) x 0.65 1.(6179) x 0.60 1.(84) T0IUANTOLITIOARAUIRELNA 0.72 x 0.63 m” 1 12 01 10
-ﬁ'«iwﬁnuuufuﬁrﬂL'nﬁqnc?mo?mq&ﬁumwawjauuﬁq %’aﬁwﬁniﬁ@qqﬂ 150 kg (8 uldiaziBum 0.05 kg)
nuszBumnusiseuuiuendlugli - 1 gnugnauniouuiuargruugidabauvisi@dunsusaaunniayld
wiinsArUANgUMNTl (digital temperature controller) ATMAELA 1°C TnoRnmaoriomefui dainiadn
vssuusduiunisAuANg IMTa LR warFasmaome AL Dafiveuoiadueinireuwisluaeen
AU A NANITAERUNTI9A 0.12 m dwfumunugund atiauviei@dursn gunssimsTadayad
_l'z'ﬂummmmﬂ‘s:nauﬁwmaﬂuﬁm‘fja 7%ha K a‘*’m%’ui’mqmvs.Qi]Tﬂmimﬂ"}ﬁ’um’éaoﬁuﬁniaga U C8510
L RERTDINEY -100-1300°C auandun £ 0.2%, ﬁz—ﬂaamahu%’m‘amwﬁwaamsﬁ’umwmﬁu, hot wire
anemometer FmivTaanuiian, flatamai-lead dwsuiawasulwisy, cip on meter dmivia
nssuslWimaserunan, wisstnhminuudieosswldasdon 0.01 g

233



¥

nSsue s dnngandsens q un qungliemmeunded 47 waz s1°C gunpiinugunsideTlaudiaisd
Sunss@ 38, 39, 41, 43 uaz 48°C §n3n715 IMausIeINIMBUUN 258, 858, 1126 UaT 1437 kgh AT AU BRI
st 200 %d.b. (lisTad) ez uduve A wszane 34 %db. (aduay Widedy dmivaiwin
ﬁ;uﬁuwmﬁwuﬁ 200 %d.b. TAQAIATIAMT (1.5 ke) furh (3 ke) wﬁw@ﬂcﬁ'uﬂymnmaﬁ’aﬁwﬁ"sﬂunmsﬁuauumﬂ

. I » Qv °l
Iy fiunio1a dauAI TG AU

evaporator recupearator

\- . . . -'

\ guide vane
¥ y = .. evaporator fan |
. 1 | \ *
] . A
g ¢
A )
external e air damper  * d e e
— -
condenser \ . . L s Lo
- | -~ =] .
. . - drying chamber
o
condenser . o, ==
- >4l e
fan . s > =
7 £
. d LVl
compressor . iﬁ i T
Internal condenser main blower guide vane toad cell tray infrared heater

o E w = w : “ oA
Ei.]‘ﬂ 1 i3asausiausuduauiauiiuNuaun e

¥ I3 ¥ . « ¥
Yszinm 34 %db. veAgninude (15 kg) wianrumdshbhaswudualiiinszsidvnds eanadduiiu
dv @ o 2 o [ 1 a r - =
szoy awlaihmintlsznm 2,015 kg udaiud B luiduenmalaoldgagn vy llladiduiquugi 4°c
Y o a & 9 s . Y & . o & g
agind1fniuaz 23 afe Wunet 3 Tu delhiumsnsziomddmiouainheenuieunds  Fuiailu 2
= < "o 9t L o 1o a @ d'l'.‘ o v ol as w 1 = o 9 o _ 9
nstl fe lidadhwazdadt  nsdlifadiesihdtunsSssvuow ¥ minaueduriine daunsdiiafnazin

¥ > "
Sudndufoudssinm 40-45 FussormudineGosfiuldiionie

3, wan1snaas ez Iaal
Yo oo 1 A A &

3.1 HANISNUYDINI S ITDUWs UIaRe NI TONE YauRTaIRUNR U uTua e e

WellsvuRvuns ™ Moisture extraction rate (MER) DINTNATDIN 2 (HP) wuas 3 (HP&IR) (gﬂﬁ 2}
wuhlumsnanesii 3 Fraiuduveimseundsi MER gandinismaane 2 110 wdsnniiusziSuanainszied
alndmoatuludimwvesmsevudsinateuudalszyia 10 ¥21u3 waaenms 1495188 udsusaausaay
a1 N1 UNHIT LA wa luE9RsreIn e U I U N IMUNYBInIa (FaufdudadueInies ouln:
o e 2w o qua Y & < wa @ aa < "
Fiddudsusalasasy Fuadeildibsaveldonin Wloanqumaiave S sdbuds usafinzgnyalsduian

b ko 3 a Ll 1ey [ : [l kY ¥ as 3/

Tnauiiateoin I iddwrelunssaniluyniovesmsouuds dasinisounds (drying rate) vosms
NARDAR 3 DAWINAIINIINAASH 2 1H999INNIINAADIN 3 HIUMIDIBMAIILY UL NI WRUAITUATSE

i o ' | = D - N ]
Ml zveldEmnsmovanudoueuunswifsioiefios  mIldwdsnui oz lunisneansi 3 9z

. = & v & o . Yo oo 1
HINNINTNADDIN 2 lu’é)\‘lﬂ‘lﬂﬂ'ﬂJET‘IJL'L]ﬁﬂ@WﬁN'\Hiﬂﬁ]u“ﬂﬂ&ﬂ’l‘iI‘Hi\‘iﬁﬂuﬂ’i I ALH UL ﬁ‘l.l’lhﬂi‘ﬁ‘lli)x‘lﬂhﬂ‘]’ilj

234



l'ﬁ. = b 1 E; A e 3 > -
fou (cop, ) voImswaansd 3 IAnlpundiminanesdi 2 ilesnnnis 1¥5adduds usaitgamgiionns

a & .

puavvensInesounialinigeiu  dwalinoumuresdluszywnnudoulddosas anufoufindelu
mriamndideslussuwiifasumnuasiienniniu (mseR 2) dmiunmeassd 6 (HP) uaz 7
(HP&IR) (iﬂ'ﬁ 3 azxﬁuqmﬂqﬁmn1ﬂt'&’1’1ﬁa~1amn?aqaniwmmﬂamﬁ' 2 uaz 3 dszanm 4°c uanalums
suwtailduinnisnaassiasiafclivn dwwaliti1 MER waz Sasinseuuiagaiuwdnidos nansmanes

Wisufruszuiemsnaaean 6 war 7 Nanvus lunvdorfuifuranisnaasalTsufvuseninmsnaaeshn

2uas 3
5 200G
- M HP g
£ 4 7 —h— HP & IR {sepr=38 C &
= =B Lse &
& &
S E =
g’ 00 5
z L
n -1 [
212 °
5 F 50 g
= 1 - &
g
<
0 T T T T T T T 0

] 2 4 6 8 0 12 14 16
Drying time (h)

; o L & a . o
71l 2 mnifGoui/ag MER ozt wdumasdunal (MInaagan 2. HP uaz 3. HP&IR:seipt 38°C)

5 200
- W Hp f;-
£ 4 —— HP & IR (seipt=#1 C) A,‘wé
o €
8 &
8 3 =
& g

w r 100
E H
g2 2
o« E
w - 50 =
=z 4 g
a
>
4

4} T T T T T T T 0

aQ 2 4 B 8 10 12 14 16
Drying tima {h)

: ] Y d o« < 0
91U 3 mafAouuda MER LazmmAueALiLNE1 (M3NAABIN 6. HPUDY 7. HP&IR setpt 41°C)

235



. ¥
#13199 2 MaMINARBIBULH AL

Test No.
Description E 2 3 6 7 9 10

HP&IR HP  HP&IR HP HP&R HP&IR  HP

Condition of product

Average moisture before drying (%d.b.} 200 200 200 200 200 200 200
Average moisture after drying {(%d.b.) 14.9 21.9 23.0 21.1 227 211 18.8
tnitial weight (kg) 54 54 54 54 54 54 54
Moisture removed (kg) L 333 32.1 31.9 32.2 319 218 214
Drying air conditions .
Average lemperature (OC) 47 47 47 51 51 51 51
Set point temperature of infrared (OC) 48 - 38 - 41 41 -
Evaporator by-pass air (%) " B5 65 65 65 65 65 65
Average air velocity (m/s} 0.61 0.61 0.61 0.61 0.61 0.80 0.80
Air flow rate (kg/h) 858 858 858 858 858 1126 1126
Energy consumption of infrared (kWh) 200 - 11.8 - 7.4 7.0 -
Energy consumption of HPD (kWh) 27.8 28.4 257 29.2 25.4 22.0 241
Drying time (h} 13.0 15.0 12.3 14.3 11.3 97 10.5
Performance of heat pump dryer
drying rate (kg water evap. / h) 2.56 2.14 2.59 2.25 2.82 3.33 3.1
MER (kg water cond. / h) 2486 2.04 2.48 2.10 2.67 3.10 2.90
SMER (kg water evap. / kWh) 0.70 1.13 0.85 1.10 0.98 1.11 1.35
SEC (MJ / kg water evap.) 5.16 3.18 4.24 3.26 3.69 3.24 2.66
COP\, used” 3.20 3.84 3.56 3.59 3.58 3.82 4.37
COP,," B 4.49 4.71 4.57 4.32 4.52 5.04 4.94
* finlsranioursourvesiiuarmoudinnanaideuiisssesnlanniesnauniugalu
* SulszAnianssousvesiiuanudousimaunnarudouis ruosen lannsoenuniuiae s
5 200 _

_ - B HP & IR (selpi=43 C) S

% 4 —A—HPAREe38C)  |o §
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227 %

g - 50 §

= 1 g

0 ‘ . 0 <
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' ¥ ' 1
5107 4 nsJaeun/ag MER s n 1dun 80fua (N15v0a0a9 | HP&IR setpt 45"C uas 3. HP&R:selpt 38°C)

a
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Test No.
Description 16 17 18 19 20 21
HP&IR HP HP&IR HP HP&IR HP

Condition of product

Average moisture before drying (%d.b.} 200 200 34.3 343 347 347
Average moisture after drying (%d.b.) 21.8 22.6 10.6 10.6 9.1 9.8
Initial weight (kg) 54 54 242 24 .2 242 24.2
Moisture removed (kg) 218 221 43 4.3 4.6 4.5
Drying air conditions '
Average temperature (OC) 51 51 51 51 51 51
Set point temperature of infrared (OC) 41 - 41 - 41 -
Evaporator by-pass air (%) 65 65 65 65 65 65
Average air velocity (m/s) 0.81 .81 0.24 0.24 0.24 0.24
Air flow rate (kg/h) 858 858 259 259 259 259
Energy consumption of infrared (kWh) 5.7 - 20 - 2.4 -
Energy consumption of HPD (kWh) 18.6 18.3 55 5.6 6.8 6.6
Drying time (h} 82 83 25 27 33 33
Performance of heat pump dryer
drying rate (kg water evap. / h} 3.93 3.83 1.71 1.60 1.41 1.38
MER (kg water cond. / h) 368 364 149 147 124 126
SMER (kg water evap. / kWh) 1.32 1.74 0.57 0.76 0.50 0.67
SEC (MJ / kg water evap.) 2.73 2.06 6.28 4.75 7.24 535
COPyp uses” 371 423 209 218 188 225
COP,"* 4,63 4.68 2.42 237 2.39 2.35
* fudssinmIrussouzaasinmuionddminananuieuiinuivasnlaneiasncuuiudiiu

-

- = £ o v oodo. v s < . b “
ﬁi}ﬂ':'tEWI‘EGUTSQW'UE]\'J'l‘]EJﬂ’]’)lﬁE}H‘ﬁéﬂ’\%'lm'ﬂ'lﬂﬂ'}"lu‘muﬁituﬁLIBGHT@ULﬂ?Sdﬂ?ULLuuﬂOﬂﬂd(ﬂ')

239



» > ' ¥
A1319% 4 Anudugamumavvesfngdilueianie

Average final moisture content (%d.b.)

Position of Trays Test No.
3 7 9 10 16 17

HP HP&IR  HP&IR HP HP&IR HP

1 (Top) 0.7 7.7 8.6 8.6 21.5 28.7
2 6.5 34.1 222 185 24.3 26.0

3 5.1 15.4 8.2 9.2 16.2 16.2

4 56 14.3 11.2 6.9 20.9 22.8

5 174 214 18.6 15.1 26.3 21.7

6 26.1 31.9 345 252 27.8 31.2

7 478 30.7 37.4 337 24.3 252

8 414 237 295 29.8 20.4 220

9 39.7 25.0 22.2 26.5 187 18.3
10 36.3 271 24.8 24.8 22.4 20.7
11 24 .4 335 28.9 23.1 16.9 18.2
12 (Bottom) 1.6 7.4 7.5 4.6 22.3 20.8
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ABSTRACT : Paddy can absorb far-infrared radiative energy efficiently in wavelengths between 2.9-9.5 L.
Infrared radiative energy induces the changes in the vibrational state of water molecules, resulted in thermal
energy generating inside the paddy kemel. The objective of this work is to study the influence of infrared
irradiation on moisture content and milling quality of paddy in terms of head rice yield and whiteness in drying
process, which consists of fluidized bed drying. Experimental results showed that infrared irradiation after
fluidized bed drying can reduce the moisture content of paddy down to 21.5%d.b. with high head rice yicld.

However, if moisture content was lower than 20,.5%d.b., head rice yield reduced considerably..
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donly
AIZUIHATTOVUNS Al BI
MC Fud (% d.b.) 308 30.8
MC 103 FB (% d.b.) 232 235
MC #a3 IR (% d.b.) 21.4 21.5
MC 11a3 TEM (% d.b.) 212 21.4
MC #dd AAV (% d.b.) 18.9 18.7

® AL:FB(150°C,1.5 min), IR (0.311 Wrem™ 0.5 min), TEM (80°C,20 min) and AAV (30 min).

® Bl : FB (150°C,1.5 min), IR {0.686 W-em 0.5 min), TEM (80°C,20 min) and AAY (30 min).
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- - & - - Condition Al —— Condition BI

28 4
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20 { * AAV AL BL
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Moisture content (% d.b.)

16 — — — — —

0 10 20 30 40 30 60
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(Ambient air conditions : 20.2°C and 70.0%c h.)
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MC B (% d.b.) 34.1 34.1
MC %24 FB (% d.b.) 256 25.5
MC #a3 IR (% d.b.) 23.6 22.9
MC 1aa TEM (% d.b.) 235 22.8
MC M849 AAY (% d.b.) 20.1 19.9

® A2 FB (ISOOC,LS min), IR (0.311] W-cm'!.O.S min), TEM (SDDCJO min) and AAY (30 min).

® B2 : FB (150°C,1.5 min), IR (0,688 W-cm”.0.5 min), TEM (80°C,20 min) and AAV (30 min}.

36
3 - - @ - -Condition A2 —#— Condition B2
32
8
g
X
= 28 A
= 1 FBA2B2
2 | #
5 TEM A2,B2
“;’ 24 g 1
2 & 4 AAV A282
] Y
IR A2,82
20 1 '
16 T — ’ )
0 10 20 kD] 40 50 60

Processing time (minutes)

71U 4 muddoulamuduvessivddensenienszuauniseundavesiouly A2 uas B2

(Ambient air conditions : 30.1°Cand 75.0%r.h.)
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] o 4 <1 v kY
15197 4 ol Bouul 2 nuiu (MC) vestuydenszrnanisuiuniseiste

yaadouly Clupy c2

Gty
ATZUIHNIIOUIAY Cl C2
MC udin (% d.b.) 30.4 30.4
MC %a1 FB (% d.b.) 20.3 20.5
MC %as IR (% d.b.) 18.4 20.5
MC %83 TEM (% d.b.) 18.3 18.4
MC %3 AAV (% d.b.) 16.2 16.1

® C1:FB (150°C.2 min), IR (03114 W-em”,0.5 min), TEM (SSOC,20 min) and AAY (30 min).

® C2: FB (150°C,2 mind, IR (0311 Weem™0.5 min), TEM (85°C.20 min) and AAV (30 min).

0% — #— - Condition C1 ——&— Condition C2

2

B 26 1

=

£

5 FBCLC2

S22+ i}

E TEM C1.C2

E _____ I AAV C1LC2
8 ¥ = }

IRCIC? g — .
14 T T - ‘ T
0 Lo 20 30 40 50 o

Processing time (minutes)

1 s mswdoualasmuiuvesihdonszninnszuouniseusievesiou’y €1 uaz 2

(Ambient air conditions : 20.6°C and 67%r.h.)
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317 5 msuldvunlasdinududia (HRY) 1931 ddenserienszuunis

Py &
suurveaudeuly Al uaz B1

Fonlv
A3LUIUATIDULNY Al Bl
HY Budy (%) 52.2 52.2
HRY %84 FB (%) 55.4 55.8
HRY 1ad IR (%) 52.2 54.7
HRY 131 TEM (%) NA NA
HRY #a3 AAV (%) 55.8 56.6

® A1 FB(150°C,1.5 min, IR (0311 Weem” 0.5 min), TEM (80°C.20 min) and AAV (30 min).
®Bi:FB(150°C,1.5 min), IR (0.689 W-cm™ 0.5 min), TEM (80°C.20 min) and AAV (30 min).

A13199 6 MaavuudayTinuAuda (HRY) voud il fenseninnszununs

aundIveionly A2 iaz B2

Gowly
ATTUIHNITOLUTIY A2 B2
HY B (%) 46.0 46.0
HRY #1133 FB (%) 553 56.3
HRY a3 IR (%) 56.2 55.6
HRY ¥4 TEM (%) NA NA
HRY #a3 AAV (%) 57.8 58.7

® A2 : FB (150°C,1.5 min}, IR (0.311 Weem™ 0.5 min), TEM (80°C,20 min) and AAV (30 min).
® B2:FB (lSOOC.! .5 min), IR {0.689 W'cm'z.O.S min), TEM (SOOC.ZO min) and AAY (30 min).

A15197 7 msiavundasdSuiudud (HRY) veadaaenseniunszuaunis

auursvealteuly 1 uaz €2

donly
NILUIUNIIDULNA Cl C2
HY Susy (%) 54,2 54.2
HRY %4 FB (%) 39.0 310
HRY %83 IR (%) 18.2 20.0
HRY 71831 TEM (%) NA NA
HRY %83 AAV (%) 43.6 46.6

® C1: FB(150°C.2 min), IR (3.311 Wrcm 0.5 min), TEM (85°C.20 min) and AAV (30 min).
® C2:FB {(150°C.2 min), IR (0.3t1 Wrem™.0.5 min), TEM (85°C.20 min) and AAV (30 min).
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M15197 8 MadouuaannuaT (why a4 dens sranssUIuMs B UL

-
voadou'ly Al uaz BI

iForla
AITUTHATIDVIAT Al Bl
wh Sud ") 50.4 50.4
wh ¥4 FB (99 50.3 50.0
wh H#a4 IR ) 50.0 50.4
wh %39 TEM (991 NA NA
wh %83 AAV L (M) 49.8 503

®AlL:FB (ISOOC,I .5 min), IR (0.311 W‘cm'2,0.5 min), TEM (SOOC,ZO min) and AAV (30 min).
® B] : FB(150°C,1.5 min), IR (0.689 W'cm'z,O.S min), TEM (BUOC,ZG‘ min) and AAY (30 min}.

P = ¥ A ' o
a3 197 9 Arslasunlainued (wh) 99991289058 INTTUIUNTDLUAS

P
vosaouly A2 oz B2

desdla
NIZUIUNIIOUMHS A2 B2
wh 3 Q) 50.7 50.7
wh #&3 FB (39) 47.1 479
wh Hid IR (99 48.6 47.8
wh 954 TEM L)) NA NA
wh HAI AAV Oh) 46.5 44.6

® A2: FB (150°C,1.5 min), IR (0.311 Weem™,0.5 min), TEM (80°C,20 min) and AAY (30 min).
® B2 : FB (150°C,1.5 min), IR {0.689 W-em” 0.5 min), TEM (80°C,20 min) and AAV (30 min).

A15197 10 M3l Avuilaen e (wh) 429U 8enssHI NI UUNITO UK

ypadou'la Cluag €2

Foula
NSYUIHMITBUNAL Cl C2
wh 318U ) 516 51.6
wh %3 FB ) 49.5 477
wh #39 IR (37) 45.0 454
wh 1183 TEM QM NA NA
wh 183 AAV (99 49.0 48.7

® ClL:FB(150°C.2 min), IR {0.31] W-cm”,0.5 min), TEM (85°C,20 min} and AAV (30 min).
® C2: FB (150°C.2 min, IR (0.311 Wrem™0.5 min), TEM {85°C,20 min) and AAV (30 min),
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Abstract : Objectives of this work are 1o investigate of paddy drying process on field experience at a rice

merchant and the pretreatment systems for moist paddy of 18-22% wet basis by using ambient air and silica gel.

The results show that moisture content after fluidized bed drying and mixed flow drying using LSU dryer
was about of 16.0F1.5% wet basis and 13.0%1.8% wet basis, respectively. It is concluded that the uniform
moisture content of dried paddy can be maintained with the suitable condition of paddy drying by using
fluidization technique and LSU,

For the pretreatment of wet paddy buik in plastic bag with operation time of 12 hours, it is showed that the
increasing of temperature of reference paddy bulk was in range of 5334°C and paddy bulk with using ambient air
ventilation can reduce the heat liberated from grain respiration comparing to pretreatment moist paddy bulk by
using silica gel and reference paddy. The results are concluded that to maintain the quality of rice, the pretrealment
of paddy by using air ventilation is a suitable method for delay of moist paddy deteriorations from heat

accumulation and humid in grain bulk.

Keywords : Head rice yield, Field experiment, Fluidized bed paddy drying, Uniform moisture distribution

1.1 Introduction

[n hot and humid climates, harvested paddy usually contains moisture content in a range of 18 to 26% wet
basis. The combine harvester, which can be replaced for the manual reaping due 1o lack of man power, causes the
high moist paddy. So, the good management of postharvest is necessary for reducing grain deterioration. The
paddy quality-determinants, such as moisture content, immature grain, foreign materials, chalky grain and
yellowness, are more affected by post-harvest handling and processing than by grain varieties [Damardiati and
Barvett (1)]. The most imporntant quality determinant of paddy is the moisture content because storage of maist
paddy can cause the excess grain deterioration, for example mould growth and rice yeltowing.

Tao prevent all the above serious problems, the moisture content of paddy must be reduced to a range of 13
1o 14% wet basis, which is safe for prolonged storage [Soponronnarit and Nathakaranakuie (2)]. Artificial drying
is an appropriale method to remove the moisture content from high level and a fluidized bed drying technique is
the one of the dryer types which provides a rapid drop in moisture content for a short peried.

In addition to the drying step, pretreaiment system, which is an additional step in the drying process, is
also necessary since a large amount of wet paddy from cultivation areas is transported to the traders. With such a
massive amount, some faclories may have a limited drying capacity, so that delay of moisture reduction cannot be

aveided. This would be a risk of detcrioration of paddy quality. The main purpese of pretreatment is 10 maintain
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