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inhibitor existing in soybean (Soponronnarit et al.,
2001). It showed a positive result of reduction in the
urease activity. The measurement of urease activity
isanindirect method to indicate the trypsin inhibitor.
With the fluidization technique, the minimum
temperature required to reduce the urease activity
1o level lower than 0.30 ApH should be not lower
than 120°C. The protein level was insignificantly
reduced in a temperature range of 110-140°C. For
the physical qualities. the degree of cracking and
breakage were found to be higher with increase of
drying temperature.

However, the conventional fluidized bed
usually provides the poor quality of fluidization
(bubbling and slugging) for such coarse particles,
resulting in low heat and mass transfer between
solid and gas phases (Gishler, 1983). Thus spouted
bed technigue was developed for improving such
cause. Several researchers have used this technique
for drying cereal grains (Mathur and Eptein, 1974;
Viswanathan er af., 1986; Massarani, 1987; Pasos
etal., 1987,1989), This technique has the advantages
as follows: simple design and construction, regular
cyclic movement of solids, easily handling and
lower pressure drop.

The use of two-dimensional spouted bed as
a heat processing to reduce the trypsin inhibitor in
the soybean has been of less interest. Therefore, this
work studies the drying rate of soybean in a two-
dimensional spouted bed and the effect of
temperature on the soybean qualities such as
percentages of cracking and breakage. urease activity
and protein solubility.

MATERIALS AND METHODS

Drying rate

A batch two-dimensional spouted bed dryer
as shown in Figure 1 was used for drying and heat
treatment. The system consisted of a spouted bed
dryer with a width of 60 cm, a height of 200 cm, a
24 kW electric heater, an on-off temperature
controller and a backward-curved blade centrifugal

fan (2.2 kW motor). Geometry of dryer wasthe inlet
cross sectional area of 4 x 15 cm?, the spout width
of 8 cm and the entrance height of 12.5 cm.

Temperatures were recorded by Chromel-
Alumel {Type K) thermocouples connected to a
data fogger with an accuracy of £ 1°C. Pressure
drop across bed and air velocity were respectively
measured by a U-tube manometer and 2 hot wire
anemormeter.

Soybeans were rewetted to obtain the desired
moisture content and then placed at temperature
controlled room between 8 and 10°C for 5 or 7 days
to ensure uniform moisture content of kernels. The
experimental conditions were set up as follows:
initial moisture contents of 28-32% dry basis, a
fixed hold up of 25 kgs. temperatures of 120-150
°C and a fixed air velocity of 20.5 m/s. Sample
taken at every five minutes for periods of 5-30
minutes were collected in an electric oven for 72 hrs
at temperature of 103°C to determine the moisture
content.

Quality
Percentages of cracking and breakage
Cracking and breakage were considered by
visually sorting out the cracked and broken kernels
with fluorescent from 200 gram sample. The
percentages of cracking and breakage were
expressed by the following equations:
Percentage of cracking

weight of cracked ker nel

weight of sample x 100 (h
Percentage of breakage
N weight of broken ker nel % 100 @

weight of sample

Urease activity

The urease activity could be measured by
detecting pH change, which is caused by the urease
converting urea to ammonia. This method is an
indirecttest for level of trypsin inhibitor. A properly
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Figure 1 Schematic diagram of a Two-dimensional Spouted Bed Dryer (not to scale).

cooked soybean will give a urease activity of (.30
rise in ApH. The measurement method follows the
AACC procedure (1944).

Crude protein

Nitrogen content of soybean was estimated
by Kjeldahl method (AOAC, 1980) using anitrogen
analyzer (Mode! VAPODEST12)and crude protein
content was calculated by %N x 6.25.

Protein solubility

Protein solubility indicates the dispersion of
proteins in 0.2% KOH solution. The nitrogen in the
supernatant is determined by the Kjeldahl method.
According to Cheong (1997), protein solubility

should be in a normal range between 70 and 85%.
If its value is lower than 70%, it means the soybean
is overcooked, but if it is higher than 85%, soybean
is insufficiently cooked. Protein solubility was
calculated by

Protein solubility

nitrogen of the supematant in 0.2% KOH solution

= ) x 100 (3)

crude protein

RESULTS AND DISCUSSION

Effect of temperatures on drying rate

A setofdrying curves of soybeans atdifferent
inlet air temperatures is given in figure 2. It is
clearly illustrated that moisture content is decreased
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rapidly at the beginning of drying period and then
reduces slowly at the end of drying period. In all
cases, drying rates of soybean are increased with
inlet air temperature and drying of soybean is in the
falling rate period. During this period, moisture
movement is controlled by internal diffusion.
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Figure 2 Effect of temperatures on reduction of
moisture content.
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Figure 3 Effect of temperatures on the percent-
ages of cracking at a fixed air velocity of
20.5 m/s and a deflector height of 138
cm.

Effect of temperaturesoncracking and breakage

The cracking and breakage of soybean caused
by drying at high temperatures is formed in V-
shape. These resulis are similar to those reported by
Overhults er al. (1973) and Soponronnarit et al.
(2001).

The percentages of cracking and breakage
shown in figures 3 and 4, respectively, were obtained
by the following conditions: inlet air temperatures
of 120-150°C, adeflector height of 138 cm from the
entry of air inlet and a fixed air velocity of 20.5
m/s. They reveal that percentages of cracking and
breakage depend strongly on the final moisture
content and the inlet air temperatures; they increase
with decrease of final moisture contents and increase
of inlet air temperatures. Such defects are caused by
the slow movement of water from the inside to the
ouistde. Hence, soybean becomes brittle at the
surface and tends to be cracked. Furthermore, the
surface temperature of soybean rapidly increases as
drying proceeds.

As tllustrated in figure 4. the percentage of
breakage of final product lies in a range of 6-24%
higher than an acceptable level (3%). The cause of
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Figure 4 Effect of temperatures on the percent-
ages of breakage at a fixed air velocity of
20.5 m/s and a deflector height of 138
cm.
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such result is due to the effect of strong collision of
kernels with the deflector, besides the drying effect.
The effect of the deflector will be discussed in the
next section.

Effects of air velocity and deflector height on
cracking and breakage '

Figures 5 and 6 show the increased
percentages of cracking and breakage at the different
air velocities and a deflector height of 142 cm. It is
found that the percentages of cracking are
insignificantly changed with increase of air velocity,
but the percentages of breakage are substantially
higher. When compared to figure 4 at 130°C in
which degree of collision of kernel with deflector is
higherthanthatin figure 6, it reveals that percentages
of breakage at 142 cm deflector height (figure 6) are
approximately 3% and 8% for air velocities of
15.86 and 17.12 m/s, respectively, whilst the
percentage of breakage at 138 cm deflector height
(figure 4) is 15% for air velocity of 20.5 m/s at the
same drying conditions.
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Figure 5 Effect of air velocities and deflector
height on the percentages of cracking at
a fixed temperature of 130°C, initial
moisture content of 28% d.b. and a de-
flector height of 142 cm.

Effect of temperatures on urease activity and
protein solubility

Figures 7 and 8 show the levels of urease of
soybeans obtained from each treatment. In all tests,
the pH is insignificantly changed at the earty period
and it is then reduced sharply. From the urease
curve at 120°C, itcan be seen that the level of urease
is still higher than an acceptable limit of 0.30 ApH,
according to FAQ standard. At 130°C and initial
moisture content of 28% d.b., urease can be reduced
1o be lower than an acceptable level, but at higher
initial moisture content of 31-32% d.b., it is still
higher than the acceptable level (pH change of
0.60). However, the capability of reducing the
urease becomes more effectiveness when using the
air temperature up to 140 or 150°C for reducing
moisture content from a thorough range of 28-32%
d.b. to 15% d.b.

Table 1 shows protein, urease activity and
protein solubility in all heat treatments. It i1s found
that the protein is insignificantly different and the
protein solubility varies between 78-85%, indicating
that the soybeans were properly treated.
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Figure 6 Effect of air velocities and deflector
height on the percentages of breakage at
a fixed temperature of 130°C, initial
moisture content of 28% d.b.and a de-
flector height of 142 cm.
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Figure 7 Effect of temperatures on the urease
activity at the air velocity of 20.5 m/s, a
deflector height of 138 c¢m and initial
moisture content of 31-32% d.b.

2.5 T

——T=120
—8—T=130
—k~— T=140
—¢—T=150

Urease acitivity (pH change}

0.5 4 —— Standard
00 ‘1}——‘——% T T
10 15 20 25 30

Final moisture content (% d.b.)

Figure 8 Effect of temperatures on the urease
activity at the air velocity of 20.5 my/s, a
deflector height of 138 cm and initial
moisture content of 28% d.b,

Table 1 Analysis of protein solubility in 0.2% KOH at initial moisture content of 28-32% d.b.

T Mi Mf Protein Urease Protein
(°C) (% d.b.) (% d.b.) (%) activity solubility
(ApH) (%)
120 28.88 15.35 37.15 0.35 80.96
130 28.37 13.72 38.06 0.24 30.72
140 31.01 12.95 38.04 0.24 79.65
140 28.69 13.09 38.04 0.24 79.08
150 3140 12.40 38.07 0.35 85.33
150 29.12 12.37 38.12 0.20 78.13
Initial sample 38.04-38.91 2.16 90.54-93.73

CONCLUSIONS

Drying at high air temperature can reduce
the moisture content of soybean faster than that at
low temperature. The percentages of cracking and
breakage depend upon the temperature, final
moisture content and degree of collision of kernel
withdeflector. Two-dimensional spouted bed dryer
has a great potential to decrease the urease activity
to the acceptable limit, along with maintaining the

protein quality, when using the drying air
temperature between 140 and 150°C. Under
satisfaction of both qualities. moisture contents of
sovbean were reduced from 28 — 32% to be lower
than 14% dry basis.
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Abstract Design, Testing and Optimization of Vibro-fluidized Bed Paddy Drying
Somchart Soponronnarit®, Somboon Wetchacama’', Suwat Trutassanawin®, Wuttikon Jariyatonti
*Fellow, the Academy of Science, the Royal Institute, Thailand, *School of Energy and Materials, ng Mongig
University of Technology Thonburi, Bangkok, Thailand, *Former master students.

The objectives of this research were to de51gn, construct and test a prototype of a vibro-fluit
ized bed paddy dryer wuh a capauty of 2. 5-5 0l tons/h, and to develop a mathematical mode [
'detenmnes optimum operatmg para.meters. Expenmental conditions were: air flow rate, 1.7 m -‘_
bed velocity, 1.4 m/sec and average drying air temperatu.re, 125-140°C. Residence time of paddywi
approxlmately one minute; fraction of air recycled 0. .85 and bed height, 11.5 cm. With a feedr
4,821 kg/h, the moisture content of paddy was reduced from 28 to 23 per cent dry bed (d.b.).
: tion mtensny was 1 (ﬁequency 7.3 Hz and ampht—ude 5 mun). Electrical power consumpu i
average dlesel 011 consumptmn were 3 Himw d: 17.6 L/h, respectively. Specific primary e

nsumptxon (SPEC_) was 6. 15Mjﬁcg fgvater'eva ed. Electrical power of the blower motot:
e electrical power of the blower motor jised i

: i ubmlo.r moior was 55 per 'E‘ént as compmdﬁ
e ﬂmdl.zed bed drymg w:thuut 'lnbratlon. ‘.Far 0]
. paddy drymg was 1.50 ba!lffkg of water ev:rpur '

: 'was operatmg cost wss 1 = 4{1 baht) Compan

of whlc.h 0.50 baht was fixed cost and 1.00 haki

ith fairly accuracy. For fluidized bed
i drymg witha capac:ty 015 ton.?"l;.-,‘ 1n1t1al ml:: &rq a ddy of 30 per cent d.b. and drying air
: was 2.3 m/sec, the optu:n o erating pmnielmdmng air temperature, 149 C; fracti
fod, 0,07 ed ‘}ﬂm'l.-., SPEf}anﬂ?mal moxsture' ‘content wer 74 M]lkg of 1
Igsed paddy d_ryi.r':g with the"

¥ 1.5 mlsec, the gghh%gm _

i
umptio

Wﬁﬁﬁ“ :
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Evaluation of Status of Paddy Dryers in Thailand
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Khunphol Sungareekul”’ Somboon Wetchacama” Adisak Pongpullponsak® Somchart Soponronnarit”

ABSTRACT

The objectives of this study were to evaluate the status of paddy dryers in Thailand The survey was
confined to the rice mills with capacity over 100 tons/day. By stratified random sampling classified by each
region, 50 rice mills in 36 provinces were surveyed by using questionnaire and direct interview. From 19 rice
mills in the northeastern, it was found that 52.7% of surveyed rice mills use dryers. However, dryer is not
popular in the northeastern region. Only 36.8%, most of which have high capacity, need dryers. From 22
rice mills in the central region, almost all of rice mills (81.9% of surveyed rice mills in the central region)
commonly use dryers and 59.1% of them intend to purchase more dryers to extend their drying capacity or
to purchase new dryers to avoid uncertainty of weather. From 9 rice milis in the northern region, 55.5% of
surveyed rice mills use dryers and 44.5% intend (o purchase more or new dryers. Most of them locate in the
lower part of northem region.

The analytical results of the survey showed that LSU dryers are mostly used (65.4%) and recirculating
batch dryer are the next (20.6%). The maximum total drying capacity is due to LSU dryers, approximately
79.3% and the fluidized bed dryers have total drying capacity of around 6.8%. Almost al! of rice mills use
rice husk as fuel source. The most satisfactory dryer is fluidized bed dryer and the next is LSU, cross flow
and recirculating batch dryers, respectively.

Keywords: dryer, paddy quality, rice mill
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Sumate Rujininnat” Somchart Soponronnarit’ Somkiat Prachayawarakorn®

ABSTRACT

The design, construction and performance c¢valuation for a small-scale cabinet dryer using LPG
{Liquid petroleum gas) as a direct heat source for heating air have been studied. The dryer had a
0.95x1.43x0.95 m?* drying chamber and could contain 2 trolleys, with total capacity of 100-200 kg of fruit
product. The characteristics of the cabinet dryer have been evaluated quantitatively by considering the
colour of product, the energy consumption, and the flow distribution inside the dryer. The airflow distribution
was indicated by measuring indirectly the moisture content and the temperature. The preliminary tests with
the cotton cloth show lower variation of moisture content for the case of installing a guide vane than that of
no guide vane. In testing with banana at the conditions of 60 °C, 0.95 m3/s and 81.6 % air recycle, the
specific energy was consumed around 51.6 MJ/kg water evaporated for removing moisture content from
342% to 52.6% dry basis. For rambutan drying under the same operating condition, the amount of energy
required 9.12 MJ/kg water evaporated for reducing moisture content from 636% to 45% dry basis. The
colour of the products was preferentially accepted. Overall drying cost of the products were 4.38-5.27 Baht/
kg water evaporated, of which 1.67-2.48 baht was the cost of dryer, 2.43-2.47 baht was the energy cost, and
0.24-0.35 baht was the maintenance cost.

Keywords: Cabinet dryer, Fruit, Dehydration, Energy consumption
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Table 1 Experimental results for different products.

i Test no.
Deseription 1 2 3 n 03 4
Products Cotton cloth Cotton cloth Banana Banana Banana Rambutan
Ambient air conditions
Average temperature (°C) 313 286 322 331 311 2.7
Average relative humidity (%) 76 85 9 75 i 78
Condition of products
Average initial moisture content (% d.b.) 313 7 u2 131 786 636
Average final moisture content (% d.b.) 364 164 130 763 526 45
Initial weight (kg) 14838 1464 2028 105.6 809 564
Moisture removal (kg) 99.7 1045 972 248 109 447
Drying air conditions :
Guide vane no instaflation installation installation installation installation
Average temperature {(°C) 62.7 62 612 617 603 584
Air flow rate (kg/h) 3528 3420 3420 3420 20 3420
Fraction of air recycled (%) 795 81.6 816 81.6 816 816
LPG flow rate (kg/h) 09 098 0.77 0.55 05 065
Electricity (kW-h) 455 4.64 66 507 6.07 556
Drying time (h) 9 9 13 10 12 11
Performance of dryer
Drying rate (kg water evap./h) 11.08 1161 748 248 091 4.06
Specific primary energy consumption
LPG (MYkg water evap.) 407 422 5.15 11.11 279 8
Electricity (MJ/kg water evap.) 041 04 061 1.84 501 1.12
Total Energy (MJ/kg water evap.) 4.48 462 5.76 1295 3291 9.12
Drying efficiency (%) 38 56.3 45 y.4] 79 285
Table 2 Average moisture content of cotton cloth (Test no. 1),
Average moisture content (% d.b.)
Drying time (h) Trolley 1 Trolley 2
Trayl Tray6 Trayl2 @ SD** Tray 1 Tray6 Trayl12  SD**
0 313 313 313 0 313 313 313 0
5% 66.7 1067 167 451 213 1933 1147 52
9 p..] 267, 37 13.7 60.7 627 37 335

* Swapping the trolleys between 1 and 2 since 6 h
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** Standard Deviation
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Table3 Average final moisture content of cotton cloth

(Testno. 2)
Position of trays Average moisture content (% d.b.)
Trolley 1 Trolley 2
1 (top) 10 2
47 267
6 27 247
9 33 287
12 (bottom) 1.3 173
SD 34 46

Tabled4 Average final moisture content of banana (Test
no. 3/1).

.. Average moisture content (% d.b.)
Position of trays

Trolley 1 Trolley 2
1 (top) 134.1 1562
3 124.1 1383
6 1145 129.3
9 1349 1312
12 (bottom) 1300 1153
SD 34 149

fnfunamImasauauwiInaroinduraslu Table 4
J | v * J L by . -l :
mLﬂum-sauummaumﬂnmumﬂumﬁwugomn
- o« '
PNNuanIfziAuilu Trolley 1 asuandvanny
£ . . N - - o
unduluudazonafidaioafanalaandando vy
d - Ve ¢ = & & al
AT UTla Uiy 8.4 wWaTidudnrutu vucily
. a ,
Trofley 2 inMuuandwraInILTUFINT Trolley 1 Ta
-, a
fendoavuneigm 14.9
g & -y
usninilanusuvaindinlu Trofley 2 g
. . P
il Troliey 1 lagdimnuuandrstesnnuduainan
- - : L2 ] A
fddtzunm 7 Wotidudanudu  wadIndnotniias
-~ J L
nanmianavasgunpfionianlslumiauuiua:
J ) e B 3
MW UUAANINTINET8I9TNIANAIINMRINNHIH
. :-l L 1 - -
Trolley 1 SauamimearauRinuraansandwduain
e J o - gl
AUNIIMRESIN 1 UA: 2 @) Tables 1 AT 2 MURIAY
ARIVINAUFANTIUIUMTBUUAIWDTTA LA
- X . d ..
VBINNVTUTENIN Trolley 1 Uaz 2 lpiaRuiny 0.9
L 1 - - ¥
wafiduannutu dmiunsiinnuuandisyonin
& - ) .
Tuiszuin 6 o fidudauTu TIHRAUUANANRY
nandidsautratasuazaranarlainlilnggdo
wminlwidswadies (n‘\waaaowa'lﬁ'ﬂ"ona"m‘r'lﬂ'ld'ﬁ

47



mMIgaumevIa TR tREADINITAAATINUANGIITY
- v d & s - b
anufunpluiasavuisfailuffoul foasunaly)
0 Table 1 TRARIIBRATIMIALWAIEMIVUS
- et Ll o " » b z :‘ 1 e J’
arndad A i dunsived infunmanusu
- u “- s “ 4 -
wIM3N kAT ANBMsTaINITIAGLIRITAntaliavae
waaamet lunisauuiandipinlwadanitauuns
o . A “ -
W@ AUy 7.48 kg water evap./h lun1TauuiaTIen 1
l - - =
(RANIWTUIIN 342 WaTidud wde 130 wWadidud
LY “ : L . o
VIATFIMUAT) WAzl A NTUBBINAIURARITUTA B Y
- N -l . m oA . e
fgalugasft 3 wodrlidarnsauukariiiu 0.91 kg
iw X d & da
water evap./h (wafdluituililasainanuiuinivas
ndluinuinisnnuaznimorenihduingiia
o - -~ | . Y da H g o
AuTmis uadanatalihiinfitasas i lwfanalal
[ . - N [P P -
aanaFuuwninnmaoluiniffiidideandoianlu
ad o o 4 A ' = - -
wozwisdEmiumawnsaina Wuualddamsauuis
i A - - a . - .
AU NatREUNLTININ UALIINHAKINEIDIRIHA
, - a o . - -
daiasfaliinmaaandinuily lavldaufuilées
A -5 Y
wasulgundiwisfidfutingn 5.76 Mirkg water
evap. MUt IWINTaINMIauuinTu 32.91 MJrkg
water evap. A m¥unmiTouussluied 3 nanuEn
wWaamwasrnuainar it intomw mysuudidan
A99IN 45% (MRBLNDY 7.9%
lunsrﬁmaammuuﬁ'&m:ﬁqmugﬁ 58 °C 1w
saTINMIaULRY 4.06 kg water evap./h dmiulumiaa
J - -
AMTHIIN 636 (o Tidud (nie 45 iafiTuaunasgu
wis uaslianuAwdRasndawriniu 9.12 Mdikg water
oA - ™ ~ . - v A
evap. TanuARUTinunsinusindnidwiausnnides
A o~ w~ .?’ J
WoununTfivasmIauwiindls wanantinailslu
misuwdandafiamianitataiuldtaeu
J L] e b o
Lunnasein 3 (Table 1) dmSuauuiindas
. L A " % y A
wuihanusuGusulunmsauudandnlugien 2 (3r2) fu
Py “ ' - P S
ANuTugAoTasiaf 1 (31) waranuduGudulu
v o - A w . -
MIRUWRITIA 3 (3/3) U ANMTURANLVRITIT 2
el F O T ™
(312) wu‘numﬂﬂu'ﬁmwuwmnuau ('lummqa;]m-s
fiauviniw) midfisssinnd u'lmﬂmmmumnmmﬁlu
YR ININ mmunnmuumﬂnﬂ‘s.mmamwaﬂaa
m-s'lvsLau‘l-nu"lunmmﬂauuuﬂo'lmﬂumma wananil
ueaq'lv«amﬁmsammaawumamuammwmnmqm
dunTaLLIAnaT (nmmnuamnm‘n“lﬂmummu
ualudua BULIN) mqmﬂumuumaam mitmslundae
- . - - ry - - .
ftalumruwivndivhinbivaandtolwyne ity
a o a“ ' ]
WIN WINITORUNH LA LA LIIHIINATIUUANATIY 0
- ol - w“ - .
ganginimadiuaseaninfatauuiafidruinlan

48

63

.. a . |
14 1 o Yuaniiz o s
3 ' : :
Q_, " [
g : '
2
g
[x}
j=%
E
&
e
'S
Q -
&0 — || ————
£ .
b t H —+—Tuyl
E . - —a—Tuyf
— == ~4—Teuy 11
30 - . . — . . .
0 3 10 13 0 25 £ 35 2
Drying time (h)

w.w*l-'lu'ﬁuﬁwu aamiauuﬁalwﬁah'ﬁaaoé’auamlu Fig.
4 uuﬂammuﬂnmwaaammnmaaunmawma.aan
inn'mmulwmuﬂmaammuummm 2 Hedutuile
W3 o FAsuAL 9N IaUWRITR 1 uaztsnas
MIouTaR 3 Winuflourudieienisauuiesieg
2

uananiadratanuin felddnsfansund
vosnRataeif ldndsnnaugansziaunzouus ey
a’mﬁl.ﬂu'éamnﬁcj’uﬂnﬂmmmﬁammﬁuua:ﬁ
dndwaatngedanuiinuasfuilng  Fvesnaldou
wiilddrnisudisulasldurasgwmiivudues
R.H.S. Color Chart Wud1 nalunaIniTapudaiifinias
thudy @ Code 175-C dmfiatnsndinsauuraiia
Futuuas mu Code 167-A uasifianzutdusuukaild
indnsdaoutuduain Code 167-D  UAZINHANTITHA
v'hathaﬂmmwﬁ'uaqné":mm:m:né’amnﬁvuqﬂmsau
uﬁ'cm'lﬁ:&'ui‘mna'l:.Tauuﬁoﬁmsmwuhﬁﬁ‘leﬂﬂuﬁm
Aanala

3. msUsndinailgong
dgmudanlolumsdsniivaldirvlunison
widldusaslumoazidoalu Table 5 nmsdszdinen
1dinlunisovuks wudt srlsiosusuddamsy
mMisunalmrinny 27,910.03 vindallwiawinnu 4.38
ymdanlanimitszms laswuailumldiosuwdsas
WAty 2.47 yinaaAlanfuitrzme Arldisiugng
Snwinfiu 0.24 vmdadlanfuiisne uazdnlding
Tunsefaadasauuts 1.67 vndeilaniuihsame
daunsouuiane s ldiruedvindy 22,597.70
vndatindariaiy 5.27 vndeilaninbiszing law
utiaidlu Al Fsndunaurinny 2.43 undanlanyy
vy Fiﬂ'i:i‘\uﬁ"mﬂ‘};a%'nmmwﬁ'u 0.35 uMae

oty ol - - -~
U9 avufn 1 unTaw - fnwinu 2545



Table 5 Conditions of Accounting for the Drying Cost

Products
banana rambutan

Initial moisture content (% d.b.} 342 636
Final moisture content (% d.b.) 526 45
Initial mass (kg) 2028 564
Final mass (kg) 6995 11.7
Amount of evaporated water (kg/batch) 132.85 47
Drying time (kg/batch) 35 1
Production rate (batch/year) 48 96
LPG consumption (kg/batch) 21.51 7.15
LPG cost * (baht/kg) 126 126
Electricity consumption (kW-h/batch) 17.74 556
Electricity cost** (baht/kW-h) 332 332
Investment cost (baht) 75,830 75,830
Life time (year) 10 10
Maintenance cost (% maaﬁuv}uas"'mﬂ‘s'aa) 2 2
Salvage value (% maaﬁunuafwtﬂ%aa) 10 10
Interest rate* (%) 735 775

* Reference on 13/07/2001 ** Electricity Cost 1500 Alavad-alus didau

AlanTuidisnnpuazdldinotunitairaases 2.48
ymdatlanfuinszve sl redan i eezidwin
1 "o L L I‘-‘! L -] ot I‘: : .
arlgiwlunisauwianaldnssadlndifipaiu natuin

A d' L3 - ) - . 1 -
mnsdinundilfauuiadalifgeniunziy 1.8
Rkl

gyduaniinaaas

nsaaadludiuiianisan m viamnindn
yasauuhitipaaszeunuiwimseintruroniad
wasavudy uanilusaldnrunandrsvasninudn
waadasmyiamivlusassnduiisiasaniafivy
funsdintideaslutivsy nissavusefiaanuuu
mmmusﬁgnﬁamfﬁw'lﬁa?m:ﬂ‘s:u‘nm 200 filandu 14
AN A2 T M UNTIINAY 51.6 Mikg water
evap. fmiuanaLTuRIn 342 wlafiiud waa 52.6
wafidudunagmwinasdaiunauiazmnuing
16 56 Alansu WinufwdFomasnusnmzringy
9.12 MJ/kg water evap. 1INM3AAANTYH 636 1o fifud
aa 45 wadifuduaigiuuiy gunwnaduines
NIy WasLnzRAINTTYIuMIsuWkIaglwnueid ily
olunmsauudinaliifilszunm 4.38-5.27 unea
ﬁTan%'mf"ﬁ:muﬁv‘eﬁ%uagﬁu-nﬁmamaﬂﬁm'ﬁ Tapuia
aaniduslFitolunsahaeissauukaildnszning

1.67-2.48 v A lT s ulni s ruoaRI DAY

PIRVALIAYIAINT AN BTN I ssnA Ny

TV 2.43-2.47 1N ua:fhl'ia"w'lun'nﬂﬂ;ﬁnm
ie3a9ddTEning 0.24-0.35 un

ABauAL
EJMuu'lﬂ'hla'uamauqmé‘lﬁ'm‘mnamuaﬁuaqu
a'm“‘zﬁ'uﬁad’uav:umaﬁmmnﬁuua:u’%ﬁmama%’a o
upud Wim dria flwarusufleszwiniminasay

L o
LoNd1Tadad
Tuad wuandly, o390 Fonzacmund, Aus HdAuf, Mt &
- g . o .
LRTNAIY, BNNT WREIAN USRS LIUNT TN 2536,
-l -~ -~ - a

wisvauuwitnuaznall wiasdninauneay 2536,
NaNNERATIAINTIN, NINTTIMHABAT, NET 75-78.

- - - [ 2 a ¢ aw Y am

fanwol UsiTod, pAnd ysang, dvind aeiifiana, vagns

. £ a  aa . [ "
AITIU, ourTel AKAINa uaz q/ins wyriah. 2537
o

DANUULURENAADULATAIBLURINETIRAIIN.
lNANTHOLWT NEuUITEImINTIIMAINIALALY.
naunsATIAINTTY, Unusil. 14 v,

P - - - - -

FIWRE FuaIT d. 2539, miwainaTasauuama llfuuy
RULETTS Ingrimusiggaiansumansyuhe
W INALINBATNIRAT, NIUNW 4. 130 Wi,

Kiranoudis, C. and N.vMarkatos. 1998. Computer Analysis of
Industrial Batch Dryer Aerodynamics, Drying
Technology, Vol. 16(7). p. 1283-1303.

49



01sd1s
<7 NN
Jrsg1saNIaNIAInIINInEATudIlszinalng

THAI SOCIETY OF AGRICULTURAL ENGINEERING JOURNAL ISSN 1685-408X
U7 9 il 1 an3ie - HQUIs1 2545 (Volume 9 No. 1 January - June 2002)

#1915y

nansmutilaconghenasisnlgnuszamaginmsldasnsniisafimanzaa
ABATINUARET TRNITURNNTETBU, woooerevereeesssmssiscceermsrercsscsrssssssss s sssamsss s s s s 3
3minsol woatlzmeierd, dydneol fmas
Effects of Furrow Shapes and High of Seed Tubes on Precisions of Garlic Bulb Planting
Jirapom Benjaphragairat, Sanluck Kingthong
N3O NMUULAENHRIATOIHIRNIO TN oo s eeeseseeeeers oo seses e eeerrerseneaneaenen 9
il Saumans, AU wiasuned
Design and Development of Pepper Thresher
Sathip Ratanapasakom, Pimpen pormnchalermwong

madssina g A nmaRUALITL s rennesseesesensene e S 14
A FTUFIITO, TUT TINGAY, ITIVA NoDY

Rice Harvest Losses Assessment

Winit Chinsuwan, Somchai Choun-udom, Warachit Phayom

m'm:aan‘mdae:qmmm‘fﬂsﬂﬁ anﬂ11u§u§afﬂ UATITSEUNYDINIADRNTINNDIT. coecererreene 20
39 Tugiria, Sowed Roww

Delay of Deterioration of Wet Paddy by Ventilation
Winit Chinsuwan, Luepong Luenam

nsdsziiivanmammaissavuiatinddenuusemang. oo 32
yuwa fdationa, auytal omn, addng mﬁwﬂanaﬁ'nér. autd lanosogn?

Evaluation of Status of Paddy Dryers in Thailand

Khunohol Sungareekul, Somboon Wetchacama, Adisak Pongpullponsak, Somchart Scponronnarit
m‘sauuﬁana"laffr?f‘:utr—ﬁ'aaauuﬁauuué’ﬁ'lﬁ'ﬁwuaaﬁitﬁmﬁamﬁm .................................................... 42
QT PIURM, FUTH Tanmsmgns, aufisd USBMng

Fruit Drying Using LPG-Cabinet Dryer
Sumate Rujininnat, Somchart Soponronnarit, Somkiat Prachayawarakorn
m3nsinisliusigiminoldnnaldluan s masuaz U3 mma. e, 50
vmdia 33luma, qnfied mosuns, el dgda

Study on Use of Retail Fruit Package in Bangkok and Metropolitan Area
Bundit Jarimopas, Supakit Saisontorn, Jesada Wasuwat

L O L P D0y P T T ) LY - R Y 4
vnidia 35luna, qﬂuﬁ'nﬁr fand, WA T8, avw quuamas
Automatic Leaf Area Measurement System

Bundit Jarimopas, Udomsak Kijtawee, Wanpiti Rangsri, Siam Tommsaengtong



Z00T "84V 07 A3AJIO0Y

100T "ANAT 0T J3AI0TY

mLonu ungL i ohruLspziuyLgH vLownpLynaLayn
ELUMLEILHELRICLRLGNMONOLLY  LBUU| GHANAALULER] DMRY
YLOUNPLYRBLRBQUUIRILIE SLUTEPALLUNYIBLIEAZIRN ULR
HURLPN[LBLOUEGUN|CLABDI] BRUTOADLALTR{LKLEILINGR
ARROLONSLUT ELUULS BU] EAUALEROIUN TN, ORHLLUAEILE!
MLMUOGIUHUKL TLYEAAGH I LITUGOGTLLIUIIZS0W] ERMALARCLUTH],
r rl . [ ~ -
ngurLEny nuiebrgnoinbanowirenzenpBbreany knuoos
tLun SpLLREsGRKNIURCEZON LaLksu) nltecur RLbzty
GZIUEH NSILICALONYLIRA L[S UKKILIY (zimy oymdizSuot
osnquivyg '}un}yl) L[] 2un (soyorg sadsp snuwIDICIPUNT) e
ung thgnulnyug}g}ng }npwunmm.nggumunwm_t.g
panPgsgngl 05 panquiog LLLUSLULOUCHLUGL ] Ny

LRUR T

Qo / urens
pareaipadng / jepoN Sk 7 uonrapliyaqy :sprom Aoy

“aouErsqns MAydice sip aEnmun? ueo samendws ydy 1k fukig
"(v91) mojod aBuwio-ieid e seq (D 0L PUe §¢) FmAsp e ampesadw
-s0] A woy sojdwes A SeAYM MO[0? umouq 5By SuLlip uns pus
18 104 ‘WEMS pAIES3dng Ju) WOL SI00YS GAqUIEG POLIP AL

D s¥LI0 amesaduia 8 yr amyezaduin LOISIDAM AN AR NS
YL AR YO AP Uy UOTONPAL ATUSIOW 1NsE) AANRIN soptacad
Do Sp1 wop mydiy samyesaduiz 1 Jurlap weans poieayradns “rejnonred
U] “J1e 04 S UI Ue Ues petvsyradns ap ul sajer SuLlip oy uo w32
wreoudis aow B ARy Sumeradud S 1wy smoys 5/3% 700 Jo et
MOJ} SSED PaXY ¥ PUR 3 091 203 O ‘OZ1 Jo sarmymadns 1e Jm 10y
pum wrews paesipadng usamyeq sonsepemEy SWAp jo vosueduod
241, -suonipuod 3o 53e opim ¥ JOpUn wInpqmbo aumisiow S\ qu0SIP
Alquims [opom gy Hp UOKISPUSH 30 30514 pue Suny) ‘gvo *134g
“SIOpOw WOs! AN 15TUoWY "%4g8 PUR O] UM S|9A9] Anpruny

JATFIA JO PUW 3 OF PUR (Of UIMISq sanpezachny jo soduer xp
N0 PILLIED USDQ AR JOOYS OOqieq JoJ suunost uondiosag

Pelsqy

rguLAnes
LIVBY / UM / CANMGELURGRLALILI / RUNNGILY :foyLpLy
Ll

tBadumburunna
£LURY) ¥ BLBLRDSLRLR T O UR| BanuanmLLusLe (V291) Luing
rannbunylops (0,00 2um 55) L?gﬁumhna}uumywngb;umu
FLRGLYUZmBABLULIEEE INULBLLUZAN tRalundnesnn roucs
- h
RAFLIG|ALYERNMALLUULEYLUEANNALLUIRI O UY
orgupztinyusnlusing X
nBumbyzun NOFNLULGSLLULLUL EINANLLUBRSLULEUGH] bOULA
RGFLIOLRLYLANNGLILY DySh1 q.u&ht_tbumbg.rynnuuurgtfqan
SLMBIZY] NOFNERLYEMINGLLULLUVLRSWLATIOFLRG] ALY IO
QULLLD LUULITEBLaNB LR GLALYLLL
sLUnLBURLGRUraARSRLLUBOLLULSUgOMRHRRB U ELLAK
. r‘ L] r L] L4 ] ]
/31 y20'0 PUINGILEUCURARBLITEAIOH] LENGZTN D09} 20N Op]
‘0zl gbumhgnaiuwta:uurguwnu;t}mlm.p;umngmnp.u
FOALUNMOCLURGAZLUBIZAURRBINDUITOLRILLULRUZELUN|
MgHtp wbuuLnouvUCLUNYLOULORY] Lrygupnpnameszen
ghumhgubnun}.mwmnga avo tentlunplLnuobrpzLse
NENLLURLASOLR UOSIFPUH 2U1) 0554 Pue i) 'gvo 136 tan
ROWLL] 8] SLUNBLILILUULE n}ﬂLcunwnmmbun}htg.\ma.nmg.uu
%$3-01 BLAN|SUMMBRAMLLUZUN D08 b3 0F menzenlunh
MAUKLGRUEANGUIS] oL rasnnERbLRUYLULLS
LN o2 + )

apuvuLLIIN
] el

o101 LMuwirle turl witein subiazefinne 16

Lhﬂ!l’ UIOBILMERIR{VWINDLBULLKIR
o - ~ -

’mnwnuut.ut;:mu! hn'gzmmurgu::mul

LuULteLoatl yenyien 2on
el - -

MEREE ) p;hnn lf_lubm;munl BLARR l;‘lb&lML?U’?PbL naLu

HIV LOR ANV WVALS ALVIHAALNS NI LOOHS

OCOIINVH A0 SOILSTHALOVAVHOD ONIAYA 40 NOSTHVAIWOD ANV SWHTHLOSI NOLLIHOS3a

He (%lﬂl:mlb?lﬁtﬂﬂ.@ %l?ﬂLﬂLﬁﬂb}}“ﬂﬂl’.lUﬂl

gtkopuborsbrl‘mna;w:mumgmnwnngpmuzmmem =10

T00Z "TON £1 ANNTOA TYNANO! INGWIOTIATT ANY HIAYISTd

SPST MR T UNIS £1 UL LMMUI0INBLAAS SLORTLULEL



Smanssuens avuitouasiann TH 13 auf 2 me. 2545

m¥a wiieToRuursiy mioliaes mieliniifinevinluituyin
inliEnImnoiuiudning Fllgwiiaumnfe anunzen
yoanioWinta nrzvrunsrdnmio Wufddunendare ki 1ia
mioWaaumimisfuReidams Taxiphyltin Suihumsi sty
{1-2) PUOE TONRINNIE Y, 10 It I nuﬁqmqgi} 16"C simineziily
przunmssan I uvetnio ) armFuveanie Wntafinnny
dmfumisifuinyzeghurndszinm .17 masgnwwia Tu
nszunIRARI I uveIHARAusuBnensz 1 Bnnd e
Fnpwlunrmadusoneinin el lonideumasumy
Al

neuntadaalerifeumnass IWinsRanmedunanmg
s adfeidunndnTnydunsdovinseuntinindusii
Wisems wu 1%, pinsima iny dwitu dludy dienfswmiten
mreunfadreleidbumassiunudentunivesdnimsounty
quHgiiam Snrnsouniivesndnduet laeis imifounatees
s Wenrdou nazdarinremaiadeleifounasies
ﬁri'lqw‘rmﬁuqmugﬁqa'l'fu fioguungiovianugasude w
funnionil Sarnseuniildenmsledifeumndanns
onndoussiinuiiiu quugll o duminfu@ooh qungi
AN (nversion temperature} Schwattze and DBrocker [3] 1]
fMnuAnnunzs s iaiedesfugunginnfmus
guvgianfuiin himiveu ifuﬁ'uzﬂlmmmn:smummuuﬁq
unzFouuznumentnysaing uamilogumginmeuniaiinigs
nigungisniy é'm1msaum‘t’qTﬁﬂﬂm{ﬁnuumﬁaﬁqun’h
nountedaonudniiiiclomindiintszAnivoindwmany
fouunzinihanuouvesToideusmdsiiigenuddefoniu
vosoimniou ﬁ'sﬁmwoaqmuqﬁﬂnﬁuﬁndnwﬁoai’umuuu
Widluns@d nmrouetudaduameifavesiniu lunsdisins
numfaqnmuqu'!num:munmiwmmmirnmﬂuqmug:‘: o
Aumadana s niond quupiinndnlszaning ( effective
inversion temperature)

ruuangnTsienseunfafonufennaz o deu
eIwBasInan oA [4-9] myhiedunzYoRedo i

Jof

LWdmi§itooendadu  wiedeouea o nlii
uSrsonsnuhizuuihinunmvenanfuviavu  siiFvos
nilaSuainiamsowmnta

2 8nsmouniaTaelleihfeunassgsniimsouatadaony
fou dlel¥nampimsouniaganigamginniu

- a - - - - [Y
Judadaviniing wistindunfsinsinndou sunsonda

Vuni¥lg

43

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 13 NO.2, 2

td - - . & - -
4. psovniidiaieidousasamunsesiuyoTsa niediia
niuvee T IR

Yatay
Lrsvuiinududou SadluRoafimiatteaiunisisdy nnh
nanfummazeendas hitins ¥ uveone Tumeuisy
-~ 4 - 4 - Lo HICY |
mnisnasrgaininiosnmnan ndusves Tetuiaiu i
P A . - o -
2aenanduaidhirzry {daunsondaBeinsndudives
H " 4 J K w
101114 M lnomilunssund amudn 10-15% hndusione
-~ v ol PO e | v
IndadunfoInsnIzuIunI eendiRduinones 1l 14
- o dad H
auamveninfasindesns hiruniol¥nseuniadnlaideu
1180418 uarnnsood v Tasudaniseund ailuteavaan misey
- P - <
$a'tvy %soumiadarleiifousiatadou unzerwdronseuwts
s lFendou
v ¥
ybzmdvenndielidwe Wil 1) riedeansmiudulely
Py ) v ¢ P A
maxiyunsatenuduveamie 1udinau¥uiurinsuns
-t - Va4 & vaa d a
gunpiinn q 2) finrudiledinnlovsinountsiufnduiia
» .
puttadaonudounnz Ioifoumat:  anunanAsveidains
L4 - . " e om . - o
cwian Idemnns lddnaniuana el nodstnlszting
nsundilsziingan 3) alfoufioununmueanioliiidanms
H < o o
sunfadasloifonornvumenuou TaomSoufouduntden
MFAINLUN

2. ngui)

. .= P
24 mmmnowaa'lahmnmmuumsmummw

quilizTonfvanuiinsuqumninleTamouvesensi
mmﬁﬁqﬁmi’ul'ﬂumﬁm1mma‘nu‘1r1|i‘mnmuuqnw=ﬂﬁ1
matumn Fuhhinsw I winsusiiiviuionmelfoni:
Fnsnitlennddeydinidezinisnm@uTnonnioin
‘unm1nﬁ'64ﬁﬂﬂumsﬁmwn1n11n€m‘mmauqudu 1

wyudwsannndamenii1$lunsoiuiele Tvmouves
Forggnpirnnsonia 130T q il 2 viiafe mumshmimgui
uozmumsienIndifn 'luﬂu?i'ui':‘lﬁin:muﬁann:uroqﬂuuu
#odmneinels lunewvoanis Wananzamdudinindun:

- -l - b H
quvpiinn q pluvvrunsiinonzidondnehli

2.L1) mumamuangud

2.1.1.1) 0un11904 Brunauer-Emmneti-Tetter (LET) [10]

M.Ya

M =
T —a Y1+ (Y —1a,)

M



e a i o o
Jeanssum avuitouasWann T 13 Riufn 2 w2545

Taoh
(db)

) .
M, foanuduiimnnzaugo Swirodlunasguunds

M, n’omwa‘;uqqqn'um:ﬂ'lmnqnuonl'u?uqﬂ"nﬂmfu
@Arnmetugniuvosing

a Aomimuduindveomevafdaannemuga i
ot

v Aofinstiveale Temounuulinisaie

2.1.1.2) aun 1704 Guggenheim-Anderson-de Boer (GAB)|11]

MbSYaw

- (1—8a, 1+ (¥ —1)8a,,)

MW

@
I | - H
Tagh § Aeminsiwuiinismoh
] - - { - P -y
A sune ¥ dudnudsisfuietidninavosgungidi
fiunoc1s Isnoddule Tamen Tasdalsdand1nosue 1kdwrunts
Fowy
yoaoiTiilon

Y = Gexp{— (3}

_— )
R(T +273)

S = Aexp{— ) (4)

R(T +273)

. -t - s -
Tao# Eung ¢ dlurnad Imitodiu Wkmol R fe Ainafvoauda
(kJ/kmol-K)

2.1.2) sumsienlnifa

2.1.2.1) run17903 Henderson [12]

1#F
1

M= T B(T +273) e ®
Tas B uaz F Ao dinsiivesminlyf
‘2.1-.2.2) TUNTIVOI Chung and Plost [13]
1 R(T +273)
M,, = ——ln(— Ina,, 0]

B F
Tumawrmindimeinn q vaanunts leTemou1414imniin

vainisinsevoaooouwy laiiihuiSudu (nonlinear regression)
uas SSE (summation of square etror) Wudyiisdfumnadannu
ATMI0veIUU I I NDToHEN I NANDY Aved SSE T
#1 umariunuimesiuoivisnanimannaduiimels dow
vou SSE dudail

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 3 NO.2, 2002

44

SSE = D (M, {experiment) — M, (prediction)’ (7

=1

Tao#t n fodnudayaminanss
2.2 WUU1A0IV0INTIOLUMA

aveamis WA umsfinuina lomsoundsiidnuas
Wudunuundi uendolmuAimisWiauiRmdoudy
ynfimn 1 Gsentropic solid) unznTsEMAIIAARTM T RrMIa
Moy varifanmsdiemuinquugiivosriaiusinefimiviu
gungivosfinanouuds eindomsdgusananindus
runsad eI e daet Al a TRenounis

MsunInngug (14}

al z 2
8 1 070t
LY, B AL . XA
el (R b
. , . Mt —M
Tauft MR Ae Sasrtunnuduming ———2

M, —M,,

-

. o - .
D, fo fudssininsunidseAntrainuasilu mmin

t  Aoonrlumssuudalimizaduui
- <4 P ar “a
b fAsammumnnTaniiiveadng imbaduwas
Fy o« '
unsdnanmiiduvsifmgiinawu 4 @l
H - ada Ve - 1
mauianua 10 moxlunisdin asdnlédiwunumeouiniinuh
F | . F -
wanisfinnur e dluanseiunisonndefoufunly
- . - "l - 1 d
Stnenameuriy 10 AnfudnumosRindnmsadudumun

munzmdmiund i uamin SEnmimouiuotiud
4 - o
3. guUnsalazismInanes

3.1 gUnsal

i 1 umasszvuountavesleidounaadads
Usznoudogunyeindn q fodl danuduiindnledudafinnudu
miloussmminden yanilefoumassTaslfvanrannuiow
N miunIunuaEANYes o yaouauunIA FAauw
sl luRalfimds Sarluovnsfanarei i lumsounds
nuqulaolddivanuisey wazszuyrieloh nistatuves
szuudufudroguszuuTacidonmdonluiqgumgdfesnts
oy mqﬁmzﬂuim{lﬁoﬁamuﬂmﬁununr‘;'uiwuq'lmi'ﬂa
nwhszvvountavaziimaevndalaollerd founada o
TR SRLY mu1u:zuuﬁqmugﬁmf| nmfuﬁnzﬂdnu'lnﬁ'ﬁ;uﬁ"l
HUKU0AM q TarlniikBanndinuduminony 4 szdanz

- [ A o
(thaloduR? Inakumiing Superheater iiomimInaounniizvodle



a - oA w our b o |
Jmnssums avyiornzfarut Ui 13 au® 2 we. 2545

vnlsdudaiiulofouniats unsluvuzi@oduinrmiouns
- -l ¥ - - H Fy '

suilagungiinAeants waiomivlethouninvses Inaruya

1 d

Huoud 1 Taotimmanas inoves toezeglunuvumduing
. F . - e e I -

uazFomaaoguunnazunsisedudaiulodmaneadin YT
L d »

Totmanvandao et saovudsndrosinduinlsiva Tae

>
AnuarsEnwuiivsi ns Idwd e nuliu Tdesuiidszfngnm

i a z ,
diomeums Wemmdoudidesin feomedou hilvutadu

Ui 1 vunTessvutadadlerifoumiatiaviinn:

&
3.2 ATINADDIMANNYUTUGD

m:nnnom1m1u§uﬂqumﬂﬁu1m-ﬁiﬂan Tamin
wieluniudhdudin q vinalszime 0.5%0.5%0.5 cm 21815
milomsnzmionfiodudives KNO, NaCl, Mg(NO),®6H,0,
MECL®6H,0 un LiCl Famudnaninrmduduinsmis
mnzaendolunaessnin 11.2 i 84.9% nimfudahdredn
4 Walugoufinnmuguygd TaolSgamgiif 50, 60, 70 iy s0°C
mudidy ﬁﬁ‘mdnmi"ufmﬂnnnimmfmﬁn'hilﬂi'wuuﬂhq ufa
1«&11ﬂn1n11u{uﬂqmnqﬁ 103 ¢ Hum 72 $rlue Aukos

quwgiunsnandufiing 18imanowids 3 afa
3.3 MINABBIBLUNY

Yimie Tl ine 0.5 kg finududufnlizin 19-25 db.
uniummduloving 5Xs cmwu1 0.3 cm Taseundadigavngd
voslorifeuraads 120, 140 un 160°C uazdasinis Inauoseinn
0024 kgis wioliAthoundafqangiigadandniiehisi

A - a_w 1 -
nIzUIUNITANIAER1TANTS Taxiphyllin vazouuialwredianss

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 13 NO.2, 2002

45

LY -d oy P . -
vmiingn 4 20 nRmsdiutoyanmnuiu mrevudsdutiuiy
2 4 4
sunszveuniinnuduvesiie insnundodssunu .17 db, #
P ) & RNy '
auFusnauduamiduveimis iduion wozdmiwlu
. 4
fosania dmiunssuuisdoaufewiiminanestasldidouly
» £
gungiinnzdniiny navaraderiudums ¥ lnhiousias vir

nsnansamisunsmeasioui ol founad
3.4 NINATBLRUATH

ohmiu?i‘lfi’nmmsuuuﬁ’ﬁ'iqmuqﬁqqﬁ‘m‘lnﬁ'ﬁuumnﬁ'q
unzomadouIiinnaRoudovsenmyusiio tif 1dsiomsain
ufaunzenniimanesoundanio i vaufoufigungd 55 unz
10°C Fuffudrquugifdentune M lunssunisdinmozra 1
niseunitsigoaufougungidmiosinnisainuiadand
wiusfesAosdmnizurunsfudodouiodiiams Taxiphyllin
unzninimie Wesinnaan udusumdslszug 0.17 db. flu
amveamie WA unnumuteluanidtod lEud fveamiold
wiansounfaunzsnan LYy

fvsamisTludeTruinnisifIsuifoufumisiudioudt
WIATFIUYEY RH.S. (The Royal Horticultural Society) fmfulunis
nazouInyma v 1 Enanaunisfu tael¥domadnady
#1u9u 10 nu unzngudaesnn WMty 3 ady Faudnsnguiidrdy
nsSilimdeudu mgiwuideResnnigninnveidwuny
Fulifivademsfioivan Tunisdimszidoyn 1816 n1endAves

Winuuu (Friedman's test) TasdmunseAuluiod iy (@) du 0.05
- o
4.Halar01

1
4.1 AU

wamgnaneanydl  wiolddrgrugouuunie
mwiu flquugd 50, 60, 70 uazse°c mmfunuqnﬂudn:
nrududinifinmeudnIndfoiiu suziiqumell 50°C nos
aruAudiing 085 amdumugavemis T wWouthgail
fimilafoufunoududuinifiquugiivy 4 meldanudu
finfidmiuds 2R 2 vinkannanasatituinensin
nusudiing qugifduilsiondgsuniiitaodenaudy
tugn neanisinnoTaslfunudiasaved BET, GAB, Clung and
Pfost 4% Henderson wud onSunmznsdivouuinosves GAB
uvuimoimugasn q ficwelisnninsiviounveiqungiine
mmfuuuqu'ﬁuduuﬁué‘l nndinedvesuudinoanis q A14
vinsdinsinseaneounaslunisid 1 vinaseezetui i

vy AL <4
anuFugagavoaninsuTumgaiiviuieldsinounisvos GAB



3 Tues avuiteuas W1 1T 13 aUuf 2 w2545

RESEARCH AND DZVELOPMENT JOURNAL VOLUME 13 NO.2, 2002

- v - - o v o )
unz BET Untlndifiean unsnnsamsnievana ltimuians

- - Iy 4
404 GAB turunsiiefnonaneandeaduniimaasanniiga

ar «r
— +» 0C - * WC
S wl 1% ’ . S e B) .
e ® saC = * WC
.:=.’. 05 | — Cung and Phost Madel g LX] — Headerson Model
3 g
g . g ke
7} 2
E - g .
L £
£ 5
:.E o E [ 1]
5
& &,
L ] L] &\ L B w3 a4 [ 1] LT3 [ k] [ ¥ . 3
L] at ax [ &) . a5 [ X3 &7 493 [ 5]
Relative humidity (fraction)
Relative humidity {fraction)
. (%] 2 L&)
ST - o) g .
— * £
= &
4
.g o § LX]
o [ 13
e o g “
3 . g .
g £
E » £ o
2 =
.'5 . = LB ]
5 &
mo e
‘E- * (] L8] 43 [¥] “ [X] [T .7 (Y] [X] [ ] [ 8] a3 [ &) LE N X ] L 71 7 (7] [ L)
Relative humidity (fraction) Relative humidity {fraction)
ﬂ' x L] 3/ < ¥ . - 1
2 m'luiu:mqn'lloaﬁuo‘lu‘mﬂmnmmanu HAZNIIRBNLDINIULG 1009139
A 1 finsiimnflinedvasnudinelelvmousiading
Models M, G H D E B F SSE
BET 0.07300 - - 0.000135000 35656.40 - - 0.0304
GAB 0.07600 0.2156 4179.53 555054 1018.87 - - 0.0117
Chung and - - - - - 9984.41 9.67 0.138
Pfost -
Henderson - - - - - 0.0366700 1.57 0.141

b v H » - . &
42 maloumuveamis Wvassuut Tmnududuveslehludnanvurevudaianiooun dniu

as o - £ s .

TuanHeiifmuud e nududusoinrwduiifwesnio 1
. - - - 2\ ™
anthuguindinndueunty domuuAgnil himusoih 19 id 6y

o -
mseuudangungiia q

» - 4
mseuntalagl¥qanpiiganuninnantiuiuves
v 1 - & - -
igB1& T30 1gampiins Aagun 3 uaz 4 Tnodnuaizons

X 2z - o H &
anssveanuduni lunsdnldledwousatazeniadeu

o ]
oswnmminnelaridrunian 8 seotuilinons
Wuzdveantnanauusnd hluuudon

. wweluvivoadeaduiusanisnaas: nafenIInANIYe]
¥ o ) -
sindoynArsnaassziudisns puusduiiu

P3P . - 4 .
P 1 ) snududiuegiugumngiinaziant vinguil 3 unz 4 upudmoeans
Tiluszazamits muduvesmis Liinudiindgus siuumaq

. 4 .
unidnnenwdulurndu q yeansnaasuiininiimanes

46




- o o o o -
AnnTIums atvItounsiann T 13 adun 2 ne. 2545

S oad LI ) v -

wetun1s Madiiioanwinluvasfugoantsoutt uifumsciy
LR 4 I o & - PO I ] .
guupiiInfuingdaduguugdvosnfiniusitsiinidini
- v 4 . 4 r oy
gungivesdmanounds Flunsdmrunnuiuveanio
mnuudtgunplivessfindusinsiilasiidwiiuguvgives

fannnsunva

L]
ISI

+ 10C
& 140C

Moisture content(d.b.)

o s0 too 150 200 150
Drying time (min)
i s saBoudninaduveanislivesunisdanleih founeded
gongiinie q uoznfRsufoviueoiidsnnisiine

e 120 C

m 140 C

a 160 C
-— predicted

[
123

P

-
-]

Moisture content (d.b.)
a -

AN
o A N * N -
[} 20 « 0 " 102 110 140
Drylog time (min)

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 13 NO2, 2002

1\!1‘; 4 qnu!t‘;aum!awnu#wowu'n‘lﬁw:auuﬁaﬁmammi’au

figangiine q vesnlfououdunefildommarinneg

' X v
43 nnfSonfisuanususzunamsevutadaeles

Fousatanozasdou

4 . z . .y
Wh 5 umsadasidunnuiulimitovenninlinld

g < d P
ninnisouudafaoledfouomsinnzoufeufigaungiie q

L] H - ad -

nudn  mssuudikaeleifeuemasiiqungiilndifoifiuga
P F PR . 4
wondnveni Iéasinsasnnududinireduniulévadiie
eudunissuniiTasldeinindountoldgun piliRondu

< . d - I z
ondlodlwuiQungl  120°C Tumsaadaswiaunnuiunn

Pl - ¥ -
witoaaande 0.2 msevunii Inolf il fousinzalsinat %o

47

w1t varoudouldian 60 wift ioqumgiounduugedudy
140°C néunuriimA1Funsaadandun i uvoamiols
fluleidoumntainzemadouisutouniiy uasinmaly
TunisoundaTagl#loti fousantadaninidvoanudou

A -
Wmipuiiel¥gunpiiometailu 160°C

1
*Steam 120 C
M Steatm 140C
z o A® & Steam 160C
s « £Ale120C
p < £ Alr 146 C
E 061 g ¢ © Alr 160 C
X
v x/<
£ 04 b
2 P
=
°om L *
0.2 X
A .
L
____‘.’.z._é—i_;—._a_‘_#-._J
o4
[ 50 100 150 200 250
Drying time {min)

1 s aFoudesnmuduveanichia s nnounisdasemindey
sazlerifounintnmlfgamaiinng

zﬂ'?is urasiidulssfninsundssininnvea
miu'lﬁ"fluumf-:é’1u1uxf1§'uunaaﬁaunznufauﬁqm'nQﬁﬁ'nq
wraaWitudgungiifW¥eundadinansznusdnganodnsins
outadmiunas 1 lod Yousndadefiovfuanion Taoh
punsiiquugiainin  145°C  Werdwdszandnisuns
Uss@nSundininsdvosnndoundidequugiiganit 145°¢
sdumuhnnlssAninmmiveswie M luni 1§10 fouon
c‘;eﬁduﬁuqu'fmha:1nG'mn:ﬁfimmn'hﬂszﬁni{m:um'vm
aufousdeciuléFany o AumidsdnlizAninsund
WszAndaaveamiis I Rsuudsfrodmariniiusgiquugd

&4 - Py - [ -
145°C Fuiluguunginndudszfindrnvoamiolditwmiunsg

- smfalusndnsinseuniianns

] - ol « - - I -
Afudrztininsunidsstninavosmio lidwivlo
Wieusmsanzemmdeulinrwiviuifuguugiilugdyve

»
aumsveiniifloadaanluil

fy - 37837
Torvirdounmao, =3.613X10" expl————) (9
. R(2T34+T)

— 17471
ewmndeu O, =1.038X10 " exp(————)

R(273+T)

(10

LInounIR (9) uay (10zmuilunt@iiquungiligs
e . - L ' H A -
iy 170°C mdunbizininisunivesleinfousantaliny

unniweanudeu 1.5 mm



Smanssums aduisounsfan T7 13 atuf 2 na. 2545 RESEARCH AND DEVELOPMENT JOURNAL VOLUME 13 NO.2, 2002

» 1]
asouuddreledfounaabs nudludusnvesntsounrs #

voanueliifanuwdsunlaissustadilaciusamiolyy
<4 . - &4 .
wtoudludindeaurandrefvosmie 1Ay Hnfafl 1608 aog
. -
lungut  greyed-yetlow wazit  mizsuuidisanioufive

wuelflusnusnvsinsauiidaaldufviiiniad 1570 a5

Do (m"min)

flunguRl  green-white  vin0ISoumioudwiinwoundauwy
a1 wuimssuniafaonufeuiiguugd ssuaz70°c Witceu

e - - 4 o . -
urfinlszmuiiqalaciindad 1624 ¥da Mendndins

1.5
ts =)
1.5-04
1504
[F 2 )
LE
4044
4 X4
1L
LY &

. . -y P - - -
wie it TasTsamuas Taemin LTk an 18lifnsafuswad

L] us (L] L] 0 164B
Drying temperature (C}

- [ . ¥
Wi 6 Gt ninadndunrouiomis i led T ads dmfunisnatouquamvesmio Wik ludwsana
- - . o 4 P i
uazeminfen uozmsafivudiousmyinnsdoomunsi ¢ uaz 10 nsziuneouduiwnsItanuvulunie W (Taxphytiig  Taald

- ] 1 e A
TBFu vinkamisnaney luwinsnquinaailunis i 2 ain

v L.
4.4 gruamysania i AONTINANOUNUUAFIUYBIANNUANAS BT IR TUNARE

- ) H “ . . V¥ e — .
dwiumrouuiadrloifourininuimnio Linisi Fmreundiawitveatawu apl1A3iEns suudauuusian

tieavad °c fAnsafusw e xd o L f
Woinmroundeitguingil 120, 140 uaz 160°C Tlmsafusvind Wanliuandrsfu dnfunisenuilaolFqumpligadslon

1644, 1658 unzl6sA amdndy vazRnsounikaonufoud fousmaunsonfeumunsahimomsaruvuittoglumiotd
qmnqﬁ'\uiuﬁ'«minmia'lt’:’uﬁaﬁ'lé’ﬁiﬂﬂﬁ 1648, 164A unz
1644 mudid 8710 nnroundsdodnaeianediddones
hmaind usFveanio 1 Adunsouniadaolod dousaasad

funiimeldnsouniiigungiiRerdu einnsdunansd

1331 2 sInareusanfiveamis lidaaIEmIsunsae q

Group Subsequent testing Very bitter slight no bitter
bitter | bitter
Sun drying 0 0 ¢ 8
No.1 Low temperature hot air 0 0 2 6
High temperature hot air 0 2 5 1
Superheated steam 0 1 5 2
Superheated steam 0 1 3 4
No. 2 | High temperature hot air i 1 6 4]
Low temperature hot air 0 0 1 7
Sun drying 0 1 2 5
Low temperature hot air 0 0 1 7
No. 3 Superheated steam 0 0 7 1
Sun drying 0 0 3 5
High temperature hot air 0 5 3 0
5 “‘iﬂ sinnInaneadeinuleTwinounuuniznio

F i .
anuyuvsinde I8 mrffsudouesamoaimssundanie 18

» v
levhfouamasiuauiou uazdnyfFowfisugunmvoaniio s

48



Srn3sums atuIsouazwan 17 13 RIFUR 2 1w 2545

nianeunisdrsletirfouoinns aufougquugiigr aufou
ganpidt unziimininuds awtseajlusniinansald
L d
Aol
d ¢ wwd o £ oo oo s
Lanudumugausamnio Wiivuduanudufuiniveasinimg
uasganpd  wazuuudinosleTwinouves GAB  munzoviwe
£ -
anwdutugaiinnhivneandosturnniinanes
- - e w1
2. quugin ¥ lunisounfaliwansznusandifyreden
P ¥ H - ¥
nssan NuUAmMIumsouniafioTorfeusiatis Tasnisounda
- - - - ¥ P ¥
ngempiiindgadealnfie: dniimsnaauiudindiiniseuds
& s A P Y v 4 <
2weinedou uhileguungligaiudasinisuddroleifousiats

- i . - " ¥ v : -'J & -
UAUANDUNINVHIDLINNIING E)UIIH\I")U!HH DUTHHYUNURUNAY
14

=

10nfinlszinimamd Uiz Ansanvecunie lurae 1y
rfutigungirnfulssinuad miunsevaiamietogiisae
Uszum 145°C

equamyoande W lud i loinniainndans
nssundafoqumgiligaszninzounz160°¢ Taslfaufounazle
1f15’uuu1a§qaé'tumm«ﬁ\"i‘l;ii'mi?uuﬁ'umﬁuuﬁuuﬁu‘lﬂwuﬁqﬁ
Qungiisenin 55 81 70°C

s arnvulumio 1t Faxphptting unsoaRI19d7
soniunszunrouisdioted Weunasunsondeuldidoly

gamgiiovudsganimIeniiy 120°C
= 2o
naanTINdszmea

dlauvounainuvouguasdninaunssumiumyu
o wr 4 L - 4
03 3eR iyumivmyuTnsanudded

ena139 198

1. wsaf fouing “wieWunzuiasusriainniold aovd
1o, » o3, U 2 IR 18w 25318 w1 79-94.

2. WA Gowing misluasrdafusivnmiold aoud 2
. whafwatonmiold, » o, avuil 3 TR 18w
2531b mi 183-189.

3. 1. Schwartze, and S. Brocker, “A Theoretical Explanation for
the Inversion Temperawre”, Procecdings of the 12°
International Drying Symposium (IDS’2000}, No. 93 [CD-
ROM], 2000, pp.10,
Amsterdam

Elsevier Science Publisher B.V.,

4. A.S. Jensen “Pressurized Drying in Fluid Bed with Steam ™
. Proceedings of the 8° Intemational Drying Symposium

49

10.

13.

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 13 NO.2, 2002

{IDS"92), 1992, pp. 1593-1601, Elscvier Science Publisher
B.V.. Amsterdam.

W.Z. Tamawski, J. Mitera, P. Borowski and A. Klepaczka
“Energy Analysis on Use of Air and Superheated Steam as
Dryving Media”, Drying Technology, Vol. 14, No. 7&8,
1996, pp. 1733-1749.

K. Urbaniec and J. Malczewski, “Experimental
Investigations of Beet Pulp Drying in Superheated Steam
under Pressure ", Drying Technology, Vol. 15, No. 6-8,
1997, pp. 2005-2013.

1.E. Gilmour, T.N. Oliver and S, Jay “Energy Use for Drying
Processes: The Potential Benefits of Airless Drying™,
Proceedings of the 11 ™ International Drying Sympoesium
{IDS'98), Vol. A, 1998, pp. 573-580, Halkidiki, Greece.

J. Seyed-Yagoobi, Y.B. Li, RG. Moreira and R.
Yamsaengsung, “Superheated Steam Impingement Drying of
Tortilla Chips ™, Proceedings of the 11 ® International
Drying Symposium {IDS’98), Vol. B, 1998, pp. 1221-1228,
Halkidiki, Greece.

R. Blasco and P.l. Alvarez, “Flash Drying of Fish Meals
with Superheated Steam: Isothermal Process”, Drying
Technology, Vol. 17, No. 4&35, 1999, pp, 775-790.

S. Brunauer, P.H. Emmette and E. Teller, “Adsorption in
Multimolecular Layers”, Journal of the American
Chemlcal Society, Vol. 60, No. 2, 1938, pp. 30%-319.

€. Van den Berg and S, Bruin, “Water Activity and Its
Estimation in Food Systems: Theroretical Aspects™, In
Water Activity: Infiuences on Food Quality, L.B. Rockland
and G.F, Stewart (Eds.), 1981, pp.1-61, Acedamic Press,

Inc., New York

.85.M. Henderson, “A Basic Concept - of Eguilibium

Moisture”, Transaction of the American Society of
Agricultural Engineers (ASAE), Vol. 33, No. 1, 1952, pp.
29-31. .

D.S. Chung and H.B. Plost, “Adsorption and Desorption of
Wsater Vapour by Cercal Grains and Their Products”,
Transaction of the American Society of Agricultural

Engineers (ASAE), Vol. 10, No. 4, 1967, pp. 52-557.
J. Crank, “The Mathematics of Diffusion second edition™,

1975, pp. 44-68, Brunei University Uxbridge, J. W.
Arrowsmith LTD.



FnTiums atvitouasWann TR 13 afui 2 ne. 2545

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 13 NO.2, 2002

Fnanmnedaiwhuazanudeusnlulssddnvivestsemalng
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ABSTRACT 5

i

This research aims to evaluate both technical and financial
potential of ct;gcnemtion system in white rice mills Will: capacity of
100-2000 tons/day, The generated electricity is supplied to milling
process and exported the surplus electricity to the grid. The exhaust heat
from steam turbine is also utilized for drying and cooling paddy by
absorption chiller. The topping-cycle cogenerations with back-pressure
steam turbine arc designed based on husk-match. Results from this
study indicated that the generated electricity for 100-500 tons/day and
800-2000 tons/day were 344-1718 kW and 2966-7416 kW with
payback periods of 6.5-2.1 years and 3.4-3 years respectively, and the
comesponded internal rate of retumn were 15.8-48.0% and 29.5-34.6%.

The sensitivity analysis of the effects of parameters on the intemnal rate

of retumn was carried out. It was found that the purchased clectricity
price was highly sensitive, while the ash price, buy back rate and husk
price were less sensitive.

Keywaords: Absorption chiller/ Cogeneration system/ White rice mill
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