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Table 1 Correlation between eating-quality scores and the intensity of various attributes.

Score Bad smell Whiteness Glossy Sticky Texture
9 Very strong White Very giossy” Very sticky Very tender
7 - Iv-ioderazely strrong | Creamish white | Moderately glossy | Moderaiely sticky Moderaiely tender
| 3 Moderate Siightly prown Slightly glossy | No sticky- No tenoer-
No separated No tough
35 | Weak Moderazly brown | Moderately dull | Moderaiely separated | Moderataly 1ough
1 No smell Brown Very dul Well separaied Very 1augn
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Figure 2 Relanve head yield ar different heating process : initial moisture content = 30.7 %wb.,
raferance head ricg yigid = 38.6 %
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Figure 3 Relatve head yield at different heating process : initial moisture content =

raferance head fice yield = 38.6 %
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Paddy Drying Systems in Rice Mills
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Wathanyoo Rordprapat, Somchart Soponrornarit, and Montri Wangji

ABSTRACT

Appropriate paddy drying svsiems in large rice mills was investgated to reduce paddv moisture content

from 20 %wet-basis 10 14 Gwer-basis. Rice after milling was also in good qualiry. In this smdy, the performance

of paddy drving systems in three rice mills with the same types of drvers but different installation and drving

operation were invesugated. Paddy quality and energy consumption of each drver in each svstem were studied.

The resuits obtained were used 1o find appropriate paddv drving condirion and then to design high efficient

paddv drving svstem.

Keyv words | rice mill, paddy drying system. paddy quality
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Figure 2 Paddy drying system in Poonsinthai rice mull.
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Table 1 Performance test resuits of paddy drying systems in rice mills,
Energy consumption ~ Evaporate Specific energy consﬁ:nption
Paddy drying systems Fueloil  Electricity water Thermal  Elecmical  Capaciry
in rice mills MIm) (MI/h) (kg/h) {MI/kg- (MI/kg- {Tons/h)
water ¢vap.) water evap.)

Supantanya 1,932.58 689.38 611.46 3.16 1.13 9.6
Poonsinthai 2,420.42 704.15 722.16 3.35 0.98 9.0
Taw taweerungraung 2.476.70 786.47 762.84 3.25 1.03 12.3
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Paddy Drying by Fluidization Technique

for Increasing Head Rice Yield

Y
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ABSTRACT

Experimental result of fluidized bed paddy drving by high air temperamure (140 and 150°C) at various

initial and finai moismure contents showed that head rice yield could be increased o0 a maximum value at the

range of final moismre content of paddy of 19-22 % wert-basis. The faciors affecting the increase of head

rice yield were the inittal and final moisture content of paddy and the tempering process.

Key words : drying, fluidization, paddy, head rice yield, whiteness.
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Score Bad smell Whiteness Gloss Cohesiveness Tendemess
Very strong ‘White Very glossy Very sucky Very tender
Moderately Crearnish Moderately Moderately Moderately

strong white glossy sticky tender
5 Moderate Slightly Slightly No stcky - No tender -
brown glossy No separated No tough
3 Weak Moderately Moderatelv Moderately Moderately
*  brown dull separated tongh
1 No smeli Brown Very dull Weli separated Very tough

(i, 2579)
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Table2 Mean eating-quality scores for tested rice (initial moisture content = 30.7 %wb, no tempering).

Final Bad Whiteness Gloss Cohesiveness Tenderness % Old nice

No.  Drying air
temperﬁmrc moisture  smell of panels
content indicate
{Powb.) aged rice
I Reference rice 1.1 6.9 5.6 5.0 4.7 8.3
2 140°C 28.7 1.2 7.0 5.3 4.8 4.7 12.5
3 140°C 247 1.4 6.4 53 4.9 4.6 25.0
4 140°C 20.5 1.6 3.3 4.8 4.9 4.3 250
5 140°C 18.1 1.2 6.3 5.2 49 4.7 11.1
6  150°C 26.7 1.6 6.1 5.2 4.9 4.5 250
7 150°C 24.5 1.8 3.6 5.2 4.3 4.7 17.9
3 150°C 9.5 1.4 5.2 -5 4.3 4.1 0.0
9 150°C 17.9 1.3 3.1 32 4.4 3.7 0.0
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Development of a Mathematical Model
for Heat Pump Fruit Drying .
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Waraporn Rattanongpisat, Somchart Soponronnarit, and Thanit Swasdisevi

ABSTRACT

A mathematical model for papaya glace” drving using hear pump has besn: develoved. [t comprises
of drying rate equation. mass and energy balance equations, thermo-pnysical property of papava glace” equaticns
and hear exchanger equarions. Successive substirution method was vsed for finding the solution. Tt was found
that the model was fairly accurate for predicung final moisture content. air emperature at various parts in
the system and temperature of refrigerant especially at low moisture level of papava glace’,

The mathernatical model was then used to find our srategy for drving papaya glace” with a specific
air flow rae of 29.8 kg/h-ke dry papava glace’. Simulated results showed tha: drying tme and energy
consumption was decreased when the drying air temperanire was increased. in addirion. the appropriate by-
pass air ratio was in the range of 86-9C¢ %.

Key words | drying, mathematical model, fruit, heat pump
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Figure 4 Evolution of simluated and expenimental meisture content [Test 3/2]

[By-pass airratio = 63%. Temperature = 50°C. Specific air flowrate=29.83 kg/h-ke dry papaya

glace”).
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Figure 5 Evolution of air temperarure at varios parts in system [Test 3/2]
[By-pass airratio = 63%, Temperature = 30 °C, Specific air flow rate =29.83 kg/h-kg dry papaya
glace’].
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Figure 6 Temperature of refrigerant at condenser and evaporator [Test 3/2]
[By-passairrauc=63%, Temperawre =30°C. Specific air flowrate =29.83 kg/h-kg dry papava
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Figure 7 Effect of by-pass air rauo on specific energy consumption, papaya glace” 56.5 kg
[Temperatare = 30°C, size = 1.1x1.2x1.3 em?, ipitial mojmre content = 38.3 Sedb. Final

moiture content = 23.6 %db.].
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Figure 8 Effect of byv-pass air rato on specific energy consumption. papava glace’ 80.1 kg
[Temperature = 50°C, size = 1.1x1.2x1.3 ¢cm3. initial moiture content = 38.3 %db. Final

moiruge content = 23.6 %db.].
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Figure ¢ Effect of by-pass air ratio on specific energy consumption. papaya glace’ 101.1 kg
[Temperature = 30°C, size = 1.1x1.2x1.3 cm?. inital moiture conient = 38.3 Gedb. Final

moiture content = 23.6 %db.].
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Figure 10 Effect of drving air temperature on specific energy consumption
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38.3 %db. Final

moiture content = 23.6 %db. By-pass air rato = 30%].
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Cashew Kernel Drying with Rotating Tray Dryer
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Thanit Swasdisevi, Somchart Soponrengarit,

Adisak Nathakaranakule, and Pieamsin Thongthip

ABSTRACT

The objective of this research is 1o investigate a suitable conditon for drving cashew kemel with rotating
ray drver. Criterion used to consider are as follows: quality of product arter drving. drving time and specific
energy consumption.

Experimental results showed that the drying time decreased when drying air temperatere increased.
The appropriate drying conditon is at drying air temperature of 90°C, recycled air fracton of 0.45 and specific
air flow rare of 70 kg dry air/h-kg dry cashew kemel {air velocity 0.07 mys). The producr qualirty afier drying
is acceptable while drying time is-low. The specific energy consumpdon is 68.22 MJ/kg water evap. or 6.85
MI/kg cashew kemel. Drying cost analysis is reported at 260 bant/kg water evap. or 26.13 bath/kg cashew
kernel.

Key words : cashew kemel, drying, rotating way dryer
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Figure 1 Schematic of rotaing wray drver showing the principal components.
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Figure 2 Dimension of a drying chamber,
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MR = exp(-pth) (2)
Ho  p = -220935.0.48434 RH+0.06043" T-
0.05370 RH%0.00009 T>-1.1414 RHT

N = -224092-0.48978 RH+0.07659 T-

0.05444 RH-0.00074 T*+0.0890 RHT
ATV 80°C < T < 90°C
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0.23 £ RH £ 027
45% < Recycled air (RC) £ 85%

3. mImusaInmseunsfimns
Tunisfnyimiunantanmiseundad

muzaynui Agumpieuuds 90°C Mol

msouudaioonhiigamglouuds 8e°C madhu

Table 1  Experimental results of cashew kernel drving at the same final moisture content.
Descripuon Test no.
1 2 3 4 5 6

Dryving air condition
Average temperaqure (°C) 30.9 80.9 80.1 909 S04 903
Inigal weight (kg) 413 4.14 417 407 4.31 4.27
Specific mass flow rate 70 70 70 70 70 70
(kg dry air/h-kg dry cashew kernel)
Fraction of air recycled (%) 63 73 33 63 53 43
Ambient condition
Average temperature (°C) 311 32, 32.9 313 31.2 305
Average relauve humidity (%) 64.3 38. 61.1 61.7 63.8 70.1
Condition of cashew kernel
Average moisture before drying (% db) 13.02 1399 1327 1327 13.10 1395
Average moisture after drying (% db) 3.50 3.50 3.50 330 3.50 3.50
Final weight (kg) 3.78 376 3.81 372 3.94 3.88
Energy consumption
Moter [ for blower (kW-h) 183 200 200 1.74 1.70 1.59
Motor 2 for ransmission (kKW-h) 0.66 0.72 0.72 0.62 0.61 0.57
Heater (kW-h) 427 413 426 435 5.58 5.23
Total (kW-h) - 6.76 6.90 6.98 6.91 7.89 7.39
Specific energy consumption
Motor 1 for blower (MJ/kg-H»O evap.) 18.82 18.95 20.00 1790 16.54 1468
Motor 2 for transmission ng~H20 evap.) 6.79 6.82 7.20 6.38 5.93 5.26
Heater (MJ/kg-H-O evap.) 4392 39.60 42.60 4680 5429 4828
Total (MI/kg-H,0 evap.) 6953 63.37 6980 7108 7676 6822

8.43 9.21 924 8.01 7.82 7.34

Drving time (1)
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Figure 6 Temperature profile at various posiions (drving air iemperature of 90°C and recveied air of 45
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A Experiment

Drying time (n) ——  Simulation

Figure 7 Comparison between e#;perimema] and simulaton resulis (drying air temperature 90°C.
recycled air 45%, specific air flow rate 70 kg/h-kg drv cashew kemel).
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B viorer 1 for oower [ Monor 2 forransmission [ Hearer

Specliic energy consumption {sJikg water avap..

Expenmment no.

Figure 8 Specific energy consumpuon of cashew kemel drying (average inital moisiure content of 13%
db. and average final moisture content of 3.5 % db.).
Test No.l.Temperature §0°C. Fracuon of air recvcled = 0.65
Test No.2. Temperature 80°C. Fracuon of air recvcled = 0.73
Test No.3.Temperature 80°C, Fracuon of air recycled = 0.85
Test No.4. Temperarure 90°C, Fracion of air recyeled = 0.65
Test No.5.Temperature 90°C, Fraction of air recvcled = 0.55
Test No.6.Temperature 90°C, Fraction of air recycled = (.45

Table 2 Qualiry of cashew kernel product compared to standard color (The Royal Hordcultural Society

London).

Test Fraction of air Temperatare Color
No. recycled (%) (°C) {(R.H.S. chart)

1 65 80 158 B

2 75 80 158 B

3 RS - 80 158 B

4 65 90 . 158B

5 55 90 158 B

6 45 %0 158 A
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Industrial - Scale Heat Pump Drying

o d = & -

§1Had Wuuwn aund lenusugns

uaz 50 alane)’

Thanid Madhiyanon, Somchart Soponronnarit

?

and Thanit Swasdisevi

ABSTRACT

The prototype of an industrial-scale heat pump dryer (HPD) is designed, construcied and evaluated
performance. Drying chamber contains four trolleys with product capacity of 600-700 kg. In the
experiments, papaya glace’ is dried in closed system at an average temperature of 55°C, specific air flow
rates of 25-32 kg dry air / h - kg dry papaya glace, and the evaporator by-pass air of 81%. The papaya glace’
with initial moisture content of 83-86% dry basis is dried to final moisture content of 12-14% dry basis within
approximately 32 hours. No sigrnificant value of the average final moisture gradient along horizontal and
vertical of dryer is observed due to uniform air distribution within drying chamber. The results of experiment
indicates that drying rate decreases rapidly with time, while total power consumption remains nearly constant.
At high inital moisture content, the moisture remeval is higher than that at low initial moisture content. The
maximum average drying rate and SMER are 934 kg water evap/h and 0.782 kg water evap/kWh,
respectively. The maximum average MER is 9.21 kg water cond/h, and the relative lowest average specific
enargy consumption is 4.92 MI/kg water evap. The (COPhp)sys varies from 4.2 to 4.9 which s higher than

(cop obtained by the internal condenser load which varies from 3.3 to 3.8. This altributes to the excess

hp)uscd

! . -
heal rejected to aimosphere through the extemal condenser. The quality of dried papaya glace in terms of
color is acceprable due to low drying temperature. In conclusion, HPD achieves high energy efficiency, and

it is feasible 10 be commercialized, particularly in food drying industry.

Key words : Heat pump dryer, Industrial scale drying, Papaya glace’ drying, Energy consumption

' Ausndnuiazian uwinednmalulsi nesaamndrsuyg

School of Engrgy and malenals. King Maongkut's University of Tachnology Thonowr . Suksawas. Bangkok 10140, Thailand
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Table |. Expernimental results of papaya glace; drying

-

Description TestNo. | TestNo. 2 TestNo. 3
1 2 ’73 1 2 3 I 2 3

Ambient condition
Average temperature ( C) 284 28.5 282 28.55 27.97 28.25 29.70 27.50 1470
Average relative humidity (%) 0 72 73 75 72 75 65 75 46
Condition of fruit glace'
Average moisture before drying (%d.b.) 83.48 44.11 22.20 86.29 42.3% 19.47 36.95 40.88 16.93
Average moisture after drving (%d.b.) 37.39 22.29 14.23 31.56 19.47 14.70 33.60 16.93 12.00
Initial weight {kg) 70LS | 'S152 | 4397 | 6025 | 5379 | 4953 | 4702 | s057 | 4207
Final weight (kg} 332.3 437.2 410.7 425.6 4933 4753 479.6 419.7 403
Moisture removed (kg ) 179 18 29 176.9 94.6 9.3 190.6 86.0 17.7
Drying air condition
Drying temperature { ) 33 52.8 534 53.4 32.90 5435 35.0 34.2 35.8
Specific air low rate 27.0 31.56 30.67 32,3 2530 25.20 29.1 290 29.1
{kg dry air/ h - kg dry papaya glace’)
Evaporator by - pass air (%) 810 32.0 85.9 81.7 81.7 81.7 81.7 §1.7 817
Drying time (h) 19.5 8.5 9.3 19 9.5 3 19 8 4.3
Performance of heat pump
Drying rate,, (kg water evap / h) 9.18 9.18 3.05 9.31 9.96 6.4 10.03 10.73 3.93
MER,, (kg water condensate / h} 7.39 9.93 3.99 3.73 11.80 4.06 3.6% 9.43 373
SMER (kg water evap / kWh) 7649 | 07572 | 0.2265 | 0.728 0.618 0.495 0.781 0.360 0.305
Specific energy consumption
(M / kg water evap),, 470 4.75 15.88 | 495 5.82 7.27 461 419 1180
(coe,),, 4.49 4.60 3.40 4.42 4.57 4.24 4.58 4.62 450
(COP, ), 568 | 379 J 273 | 325 | 3as | 30 3.3d 350 | 381 |

“Not the same batch of Papaya glacc’ dried in 1" stage.

bIncluding approx. 130 kg of papayas glacel dried with an existing steam dryer
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Drying of Vegetables and Fruits by Heat Pumps
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Abstract

The objectives of this study are to invastigate some vegetables and fruits which have
drying potential and to determine theoretically some design parameters for dryer using heat pump sysiems
operating an R-22, R-123, R-124, R-134a, and R-152a. The essentizl design parameters are the compression
ratio (CR} , the condensing temperature (7.1, the gross temperature lift {T---T.,) . and the thecrencal Rankine
coefficient of performaﬁce (COP,).  The relationship between compression rato , the theoretical Rankine
coefficient of performance |, and the gross temperature lift for this group of werking fluids for cendensing

temperature 70 'C and 85 C were determined.
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ABSTRACT: GREENHOUSE GAS EMISSION FROM ELECTRICITY
GENERATING SECTOR*
Somchart Seponronnarit
Fellow of the Royal Instiwute. Professor, School of Energy and Maternials.
King Mongkut’s University of Technology Thonburi, Bangkok.
* Paper presented at the Royal Institute, Bangkok, March 3, 1999.

Electricity generating causes emission of CO, which i1s one of the most
important green house gas. Fuels used in electricity generating are fuel oil, diesel ol
natural gas. lignite and imported coal. If it is assumed that combustion of the fuels
is complete. the amount of CO, emitted from electricity generating sector will be
24.841 and 64.967 miliion tons or 0.575 and 0.486 kg CO,/kWh, respectively. CH,
emission from production of natural gas and lignite 1s equivalent to CO, emission of
1.594 and 3.390 million tons in 1990 and 2010, respectively. Elimination of CO, by
conservative forestation of tectona grandis costs 0.116 and 0.100 baht/kWh 1n 1990
and 2000. respectively. If the vear 1990 is considered as the base year according to
the United Nation Framework convention on climate change, the cost will be 0.047
bahi/kWh for the year 2000. For the case of commercial forestation, there 15 no cost
due to positive net benefit. If 80% of 1.264 million ha of casava cultivation area is
planted with eucalyptus camaldulensis which 1s to be used fuel for generating
electricity, 1t will help reduce 56.6% of lignite used in 2000 which will avoid CO,
emission of 8.431 million tons or 11.6% of natural gas which will avoid CO,
emission of 3.087 million tons. If 60% of 0.168 million ha of rhizophoraceae
cultivation area 1s commercially managed for charcoal production, it will help reduce
the use of lignite or natural gas which will avoid CO, emission of 2.5 and 1.47
million tons, respectively. Forest area would reduce in the future. Therefore.
reduction of CO, by forestation may not be practical. Technology for reducing CO,
may have to be imported. Appropriate strategies should focus on : clean and high
quality fuel, demand side management. renewable energy and nuclear energy.
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