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ABTRACT: The most important factors is to optimize the heat pump fruit dryer (HPD} and to minimize
HPD cost are recycle air ratio (RC), evaporator bypass air ratio (BP), airflow rate (m,), and drying air
temperature (Ty). Mathematical models of papaya and mango glace’ drying by using HPD are developed
and validated with the experimental results. The optimal criterion is minimum annual total cost per
evaporating-water. From a simulation results, the optimal operating conditions of papaya glace’drying are
as follows: recycle air ratio of 100%, evaporator bypass air ratio of 69%, airflow rate of 20.72 kg/h-kg of
dry product, and drying air temperature of 55°C. The best conditions of mango glace’ drying are recycle
air ratio of 100%, evaporator bypass air ratio of 71%, airflow rate of 30.88 kg/h-kg of dry product, and
drying air temperature of 55°C. For sensitivity analysis, the annual total cost per evaporating-water of
HPD is linearly proportional to both interest rate and electricity price, as well as decreased with
increasing life-time.

KEYWOQORDS: heat pun{p drying, mathematical model

For further details, contact, Umphisak Teeboonma, Thermal Technology, School of Energy and
Materials, King Monghut's University of Technology Thonburi, Suksawat 48 Rd., Bangkok
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1. INTRODUCTION

Conventlo_nal hot air dryers are widely used for fruit drying. However, the high
temperature drying usually causes low quality of products. Heat pump dryer (HPD) is
an alternative fo dry products with lower energy consumption, less relative humidity
and lower temperature [14]. Preliminary studies found that the qualities of dried
agricultural products using heat pump, in terms of color and smell, were better than
those products using conventional hot air dryer [8], [11], [12]. To maximize specific
morsture extraction rate, evaporator bypass air ratio should be around 60-70%, [5]. To
MINIMIZE energy consumption, evaporator bypass air ratio should be around 86-90%
[11]. The best conditions giving maximum specific moisture extraction rate were
airflow rate of 10.3 kg/h-kg of dry papaya, evaporator bypass air ratio of 85%, recycle
air ratio of 100%, and drying air temperature of 56°C [1]. In term of economics of using
heat pump, electrical heater, and fuel bumner to dry grain, heat pump dryer was more
economical than other systems though higher initial cost was higher [6], [8].

The purpose of this research is to find out the optimal operating conditions for
minimizing annual total cost per evaporating-water of HPD. Mathermatical model of
papaya and mango glace’ drying using heat pump dryer are developed, validated, and
implemented in this optimization program. .

2. MATERJALS AND METHODS
2.1 Development of mathematical model

The schematic diagram of heat pump fruit dryer is illustrated in Figure 1. The
mathematical model of heat pump fruit dryer mainly comprises two parts: drying model
and heat pump model. Both parts can be developed using the principle of mass and
energy conservation for each control volume. The details are as follows:
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) Rieteleiebeietatety ﬂ-a-rf

“(1-RC

Extemal condenser

FIGURE 1. Diagram of heat pump dryer. (CV = Control volume)

2.1.1 Drying model o _ )
The near equilibrium model regarding thermal equilibrium between drying air

and product is used in this study. The drying chamber in control volume 1 (CV.1) is
divided into j sections as shown in Figure 1. This model is modified from previous
drying model works [1], [3], {7). Energy and mass balance equation of CV. | for each j
section, therefore, can be expressed generally as equations (1) and (2).
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Where Ti; is the inlet temperature of each section, Ty .is the putlet
temperature of each section, a;j is the inlet humidity ratio of each section, w,; 18 (t)he
outlet humidity ratio of each section, hg, is latent heat at reference temperature qf 0 °C.
C,, Cy and Cpq are the specific heat of air, vapor, and product, respectwely, R is mass
ratio of grain te air. M;; and M; are the moisture content before drying and after drying
of each section, respectively.

The equations of drying kinetics, equilibrium moisture content, and specific
heat of both mango and papaya glace’ are obtained from previous work [2]. Contrasted
to previous work [3], [7], drying rate varies with drying time. .

Finally, fan power (CV.6) is given by equation (3).

wfan = %O—(Ca + (‘UdiC\-)(Tdi - Tcn )+ Qloss.ﬁ (3)

Where m, is air mass flow rate, T, is the temperature of air leaving internal
condenser, Ty; is the temperature of air leaving fan.

2.1.2 Heat pump model
There are three major models: compressor, evaporator and condenser. Details of
each component are as follows:

1. Compressor model
The polytropic compression process is assumed throughout this study. Hence,
the compressor power of reciprocating compressor is given by equation (4) [13].

n-1

m, P

LV . n P T
\Y) — comp L comp . <omp .0 -1 4
o 3600 [n—l] [P ] ®

camp .t

Where m, 15 the mass flow rate of refrigerant, n is the polytropic index, Pcomps
and Peomp.o are the inlet pressure and outlet pressure of compressor, respectively.

2. Evaporator model

From CV .3, equations of mass and energy balance can be written as follows:

m,, =my{l —BP) (0, —w) . (5)
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Ifa
Q. = 375‘06'(1 _BP){CaTmix +mmix(hfg +Cvaix)_C-Teo _“’w(hfs +Cva)_mwhw}(6)

~ Where Q. is heat transfer rate at evaporator; BP is the evaporator bypass air
ratio, Omix 1s the humidity ratio of mixed air before entering evaporator, ®, is the
humidity ratio of air leaving evaporator, Tpix is the temperature of mixed air before
entering evaporator. Te, is the temperature of air leaving evaporator, m,, and h,, are
water condensation rate and enthalpy of water condensation, respectively.

3. Condenser modei
From CV.5, equation of energy balance can be written as follows:

M,
Qc.'rm - %(C. +(0dicv)(Tco = Ta) (7)

Where, Qc,im is heat transfer rate at internal condenser, T; is the temperature of
air before passing intemnal condenser.

Furthermore, moist air and HCFC-22 properties are calculated using Wilhelm
[15]) and Cleland {4] equations, respectively.

2.1.3 Optimization model
The assumptions of conditions are as follows:

1. Drying chamber capacity is 100 kg of fresh product. Average initial moisture content
of papaya and mango glace’ are 40 and 60 % dry basis (d.b), respectively. Based on
the fruit drying industrial standard of Thailand, moisture content of those must be
reduced to a final moisture content of 18%d.b.

2. The vanation of final moisture content of product between tray inlet and tray outlet is
less than 3%d.b. The moisture content of products at tray inlet is normally lower than
that at tray outlet. This is due to the fact that a drying air temperature decreases with
tray length whilst a relative humidity increases. Commercially, it is one of the most
important factors.

3. Total operating time is not longer than 41 hours. Total operating time consists of
drying and preparative time. If long drying time, it is risk for fruits to be decomposed
by infection of microorganisms. On the other hand, if short drying time, results in
large size of heat pump. In addition, preparative time of Thai fruit gardener is
approximate 6 hours.

4. To maintain constant drying air temperature, the external condenser must be included
in the system. From previous works, the suitable size of external condenser is 60% of
internal condenser.

5. The assumptions of economic analysis are life-time of 5 years, salvage value at the
end of life-time of 10% of capital cost, interest rate of 8%, maintenance cost of 5%
of capital cost, and electricity price of 3 Baht/unit.

2.1.4 Objective function

In this study, 1t is the function of the annual total cost per evaporating-water of
HPD. The total cost consists of drying chamber including trays, compressor, evaporator,
condenser, fan, maintenance, and energy cost. The equation can be written as following:

Y = [Annual capital cost + Annual maintenance cost + Annual energy cost —
Annual salvage] / Weight of annual gvaporating-water
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The drying chamber including trays and fan cost depend primarily on drying
chamber capacity and airflow rate, respectively. The cost of compressor, evaporator,
condenser, maintenance, and energy cost are depending on drying air temperature (Ta),
evaporator bypass air ratio (BP), and recycle air ratio (RC) as well as airflow rate (m,).
Accordingly, the objective function can be expressed by equation (8).

Minimize v = f{T,, BP,RC,m, )
®)
2.1.5 Constraints
In this study, there are four major constraints.
45 < Tz <55°C (9)
0 <BP <100% (10)
0 <RC<100% (I
400 < m, <2000 kg/h (12)

2.1.6 Cost functions

Price of heat pump dryer components in Thailand is gathered to construct the
cost functions by using regression method. Size of drying chamber including trays is
fixed with drying capacity. Moreover, the fan cost in this study 1s fixed because the
selected fan size can cover over the range of airflow rate constraint. Consequently, three
cost functions of cost function of compressor, evaporator, and condenser can be
expressed as equation (13), (14) and (15), respectively.

Poomp = —912W] 45088 W, —582 (13)
p. =-3Q2 +224Q, +735 (14)
p. =8.26Q! +184Q_ + 888 (15)

Where peomp » Pe and pe are the price of compressor, evaporator and condenser,
respectively.

The three cost functions, based on 1/08/2001 (1 US$ = 44.5 Baht), are satisfied
with the following conditions: 0.75 € Weemp < 3.0 kW, 2.0 £ Q. < 7.0 kW, and 2.2 < Q.
< 8.0 kW,

2.2 Solution algorithm

‘ The optimization procedure, using grid search method, can be summarized as

ollows:

1. The initial design variables are evaporator bypass air ratio of 0%, drying air
temperature of 45°C, airflow rate of 400kg/h. and recycle air ratio of 0%. The
procedure starts with the simulation model to calculate the size of heat pump
components and energy consumption. The annual total cost per evaporating-water
is then calculated and recorded for comparing with that of the next loop.
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2. The value of BP is checked. If BP is within the constraint, the same calculation
process ts repeated using the BP steps of 1%.
3. The value of RC is checked. If RC is within the constraint, the similar calculation

pr?cess is repeated using the BP steps of 1% and reset the value of BP as initial
value.

4. The value of Tgyi is checked. If Ty is within th;e constraint, the same calculation

process is repeated using the Ty; steps of 1°C and reset the values of BP and RC as
initial values.

5. The value of m, is checked. If m, is within the constraint, the similar calculation

process is repeated using the m, steps of 10 kg/h and reset the values of BP, RC and
T4i as initial values.

The procedure is repeated until all workable conditions are calculated and also
compared. Finally, the optimum conditions can be presented.

2.3 Sensitivity analysis conditions

The economical analysis of papaya and mango glace’ drying are based on the
annual total cost per evaporating-water of HPD. The assumptions in this study are as
follows: interest rate of 6-10%, electricity price of 2-4 Baht/unit and life-time of 1-(0
years.

3. RESULTS AND DISCUSSION
3.1 Validation of mathematical model

The experimental conditions of papaya glace' drying for verifying model
conducted by Rukprang (1996) are recycle air ratio of 100%, evaporator bypass air ratio
of 63%, drying air temperature of 50°C, and airflow rate of 40.94 kg/h-kg of dry
product. The conditions of mango glace’ drying conducted by Ratsie (1998) are recycle
air ratio of 100%, evaporator bypass air ratio of 63%, drying air temperature of 50°C,
and airflow rate of 71.62 kg/h-kg of dry product.

£ %00 5 1000
- =
200 * B £ 200
= — Smulation =
S 00 e — g 60
€10 S 00
5 E;
2!&0 2 00
= 00 - = 00 — :
0 4 8 12 16 20 M B % 36 & 0 4 R 1216 2 24 28 32 36 40 44 48
Dryrg tire, b Drying tirre, h
FIGURE 2. Moisture content evolution FIGURE 3. Moisture content
evolutionof papaya glace’drying of mango glace drying

Figures 2 and 3 show the moisture content evolution of papaya and mango
glace” drying. The simulation results are fairly agreeable with the experimental ones.
The former is, however, slightly higher.
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3.2 The optimal conditions of papaya glacedrying o

The optimal operating conditions are evaporator bypass air ratio of 69%, recycle
air ratio of 100%, drying air temperature of 55°C, airflow rate of 20.72 kg/h-kg of dry
product, 255 batches/year, and evaporating water of 4007 kg/year. The optimal annual
total cost is 17.25 Baht/kg evaporating-water, capital cost of 4.31 Baht/kg evaporating-
water, maintenance cost of 0.92 Baht/kg evaporating-water, and energy cost of 12.02
Bahtkg evaporating-water. Heat pump components are 1.59 kW hermetic reciprocating
compressor operating on HCFC-22, a 5.08 kW evaporator, a 6.67 kW internal
condenser, and a 4.00 kW external condenser.

3.3 The optimal conditions of mango glace drying

From simulation results, the optimal conditions of mango glace'drying are
evaporator bypass air ratio of 71%, recycle air ratio of 100%, drying air temperature of
55°C, airflow rate of 30.88 kg/h-kg of dry product, 222 batches/year, and evaporating
water of 5827 kg/year. The optimal annual total cost 1s 12.72 Baht’kg evaporating-
water, capital cost of 2.99 Baht/kg evaporating-water, maintenance cost of 0.64 Baht/kg
evaporating-water, and energy cost of 9.09 Bahtkg evaporating-water. Heat pump
components are .64 kW hermetic reciprocating compressor operating on HCFC-22, a
5.92 kW evaporator, a 7.56 kW internal condenser, and a 4.54 kW external condenser.

3.4 Sensitivity analysis

Figure 4 shows the relationships between interest rate and annual totals cost per
evaporating-water of both products. Annual total costs per evaporating-water of both
products are slightly increased with increasing interest rate. When the interest rate is 1%
increased, annual total costs per evaporating-water of papaya and mango glace’ drying
are about 0.056 and 0.053% increased, respectively.

The relationships between electricity price and annual total costs per
evaporating-water of both products are shown in Figure 5. Annual total costs per
evaporating-waters are linearly proportional to electricity price. The annual total costs
per evaporating-waters of papaya and mango glace” drying are approximately 0.67 and
0.69% per unit of electricity price increased, respectively. Increasing percentage of
mango glace’ drying cost is higher than that of papaya glace’ drying because both
compressor power and airflow rate of mango glace’ drying are higher.

200 250
3150 ........................................... ‘? 200
.- 2
8 2 150
% 100 —— rrergp S
- J N aa 100
3 50 papay2 =
= < 50
o [ad) L """ papaya
00 00 —

6.0 7.0 80 9.0 100 20 25 30 35 490
Interest rate, Y% Electricity price, Bahtvkih
FIGURE 4. Relationships between FIGURE 5. Relationships between
electricity interest rate and annual price and annual total costs
pertotal costs per evaporating-water evaporating-water

Figure 6 presents the relationships between life-time and annual total costs per
evaporating-water of both products. The annual total costs per evaporating-waters are
exponentially decreased at first for three years of life-time. When life-time is longer
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than t;i): years, annual total costs per evaporating-water of both products are nearly
constant.

2 3 4 5 6 7T 8 9 10
Life tme, Year

FIGURE 6. Relationships between life-time and
annual total costs per evaporating-water

3.5 Comparative optimal conditions and cost of papaya and mango glace’ drying

3.5.1 Airflow rate

The limitation of variation of final moisture content and total operating time
affect significantly on airflow rate. Though, drying with Jow airflow rate can save
energy cost, the various final moisture content or total operating time or both of them
are not corresponding to assumption conditions. The optimal airflow rate of mango
glace’ drying is higher than that of papaya glace' drying. Based on the same conditions,
effective diffusion coefficient of mango glace’ drying is lower than that of papaya glace’
drying because of different tissue structure {2].

3.5.2 Evaporator bypass air ratio

Evaporator bypass air ratio (BP) affects on the quantity of moist air
condensation or size of evaporator. High evaporator bypass air ratio can reduce size of
evaporator, but drying time may be long because of low moist air condensation. The
optimal airflow rate of mango glace’ drying is higher than that of papaya glace’ drying,
so optimal evaporator bypass air ratio is higher. However, the net airflow passing
evaporator of mango glace’ drying is rather higher. Consequently, evaporator in case of
mango glace’ drying is larger than that in case of papaya glace’ drying.

3.5.3 Drying air temperature
The optimal drying air temperature of both products is similar. As a result of
high drying air temperature, the drying time can be reduced, which results 1 high
evaporating-water per year. Consequently, the annual total cost per evaporating-water 1s
low.

3.5.4 Recycle air ratio

Under the average climatic of Thailand (Dry bulb temperature = 27°C, Relative
humidity =73%) and physical properties of both products, heat pump dryer operated on
closed-loop system is more economical than that operated on opened-loop or partially
closed-loop system. It can be explained by the fact that both sensible heat and latent
heat of air leaving the drying chamber are recovered. Additionally, it is easy to control
drying conditions due to no effect of ambient conditions.
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3.5.5 Annual total cost per evaporating-water _

In case of mango glace’ dryer, the size of heat pump 1s rather large 'i_md causes
high capital cost; moreover, the number of batch per year of mango glace drying 1s
5% lower than that of papaya glace’ drying. Nevertheless, total cost per evaporating-
water of mango glace’ drying is approximately 26% lower than that of papaya glace'
drying. It is clearly seen that the quantity of annual evaporating-water of mango glace
drying is about 45% higher than that of papaya glace’ drying.

4. CONCLUSION _ _

The theoretical models of papaya and mango galce’ drying by using heat pump
were developed and validated with the experimental results. They are then employed as
tools in optimization. The optimal conditions are sought by using grid search method.
Based on simulation results, the optimal conditions of each product are not similar,
particularly airflow rate and evaporator bypass air ratio. This is due to the difference of
product properties such as initial moisture content and effective diffusion coefficient
{microstructure of fruit tissue). For sensitivity analysis, annual total cost per
evaporating-water is linearly related to both interest rate and electricity price and
inversely proportional to life-time. Electricity price is the highest sensitive whereas
interest rate is the lowest.
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ABTRACT: In this work, the performance of fluidized bed and wet extrusion process in the industrial
scale has been evaluated. The fluidized bed dryer involves the cooking of soybean using heated dry air

with an average temperature of 164.5°C. The soybean with an initial moisture content of 12% dry basis
was dried to 1-2% dry basis with a feed rate of 2 tons/h for fluidized bed dryer. For the wet extrusion
process, initial and final moisture contents are not significantly different with showing a value of 12% dry
basis. The keat generated in the extruder barrel typically raises the temperature to 104-115°C at feed rate
of 1 ton/h. The qualities of soybean in terms of urease activity and protein solubility in 0.2% KOH have
also been considered along with the energy consumption in each process. The urease activity, a practical
indicator, i1s an indirect test for level of trypsin inhibitors in animal feed industries. The urease activity
and protein solubility, after cooking of soybean using extrusion process, vary in the range of 0.01-0.04
and 72.8-79.3%, respectively. In case of the fluidized bed dryer, urease activity and protein solubility
were given the results as 0.21-0.27 and 72.6-77.6%, respectively. In additional to the qualities as mention
above, the fluidized bed drying technique has a high potential for replacing the extrusion process since it
could save the investment and energy cost around 88% and 72% when the system was operated by closed
loop.

KEYWORDS : protein, soybean, urease

For further details, contact, Songchai Wiriyaumpaiwong  Thermal Technology School ofEnerg;J and
Materials King Mongkut’s University of Technology Thonburi  Suksawat 48 Rd., Bangkok 10140,
Thailand
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L INTRODUCTION

Soybeans are well recognized as a valuable source of dietary protein for feeding
both ‘ammai.s anq .human in many country of the world. Raw soybean, however,
contal_ns anti-nutritional factors, such as trypsin inhibitors, heamagglutinins, lectins and
saponns, that depress the growth rate and efficiency of food utilization for animals
(Liener, 1994). Proper processing of soybean treatment requires the control of moisture
content, temperature and processing time to inactivate these factors (Wright, 1981).
Adequate moisture during processing facilitates the destruction of the anti-nutritional
factors in soybeans.

. Although heat can destroy such anti-nutritional factors, the careful control of the
hea}mg conditions is required to prevent either under- or over-heating of soybeans
( Liener and kakade, 1980). A method developed for treating soybeans is the extrusion,
as a process in which the friction, produced by forcing the soybeans through die holes
under pressure, creates the heat that eliminate the natural anti-nutritional factors
(Waldroup, 1982). The advantages of extrusion process are to destruct the anti-
nutritional factors and rupture the oil cells. Several workers have been concemned with
heating conditions (Stephenson and Tollett, 1959; Renner and Hill, 1960) and the use of
extrusion and infrared roasting to improve the performance of chick fed. It indicated
that the extruded soybean serviced higher gain weight and growth of animal than the
infrared roasted soybean (White et al., 1967; Faber and Zimmerman, 1973).

Large-scale commercial production of soybean meal in animal feed has been
developed in Thailand. Recently, fluidized bed dryers have been commercialized in
Thailand for soybean drying and soybean meal production. In most industrial fluidized
bed dryer, heat is supplied externally to a product by air to provide energy for the
moisture evaporation and the anti-nutritional factors inactivation. There are 80 units of
fluidized bed dryer for paddy drying, with a few units being used for maize meal
production and one unit being used for soybean drying and dietary meal production
(Soponronnarit et al., 1998). A previous results of soybean tests showed that it could be
reduce the level of urease activity, which is an indirect measure of trypsin inhibitor,
using 120°C being the minimum required to reduce the urease activity to an acceptable
tevel. However, soybeans should not be dried below 23.5% from 33.3% dry-basis in
order to avoid excessive grain cracking. The optimum conditions for heat treatment
coincided at a temperature of 140°C, a bed depth of 18 c¢m, an air velocity of 2.9 m/s.
These conditions resulted in 27% cracking and 1.7% breakage. In addition, Osella,
Gordo, Gonzalez, Tosi and Ré (1997) studied the fluidized bed technique for treating
soybeans with drying and inactivation of heat-labile inhibitors. As a resuli, soybean
drying and inactivation can be potentially performed in a single step, with maintaining
the nutritional value. The aims of this work are to evaluate the performance of fluidized
bed dryer and wet extrusion process in the industrial scale for eliminating the urease
activity in soybeans and to explore the energy consumption of both processes.

2. MATERIALS AND METHODS

2.1 Processing

2.1.1 Fluidized bed technique

An industrial-scale fluidized bed dryer with a feed rate of 2 ton/h capacity as
shown in Fig. 1 is consisted of a drying chamber with a dimension of 0.7 x 2.1 x [.3 m,
a diesel oil burmer and a backward curved blade centrifugal fan driven by a 50 kW
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motor. The fluidized bed dryer involves the cooking of soybean using the heated air
with an average temperature of 164.5°C. Grains were forced by heated air ar'ld rr}oved
forward to the dryer exit. A thermostat controlled the temperature of heated air with an

accuracy of + 1°C.

2.1.2 Extrusion

Figure 2 shows the schematic diagram of extruder with a pre-conditioner.
Extrusion of soybeans was performed in a 95 kKW insta-pro model 2500 Extruder with a
3.8 kW insta-pro model 2594 pre-conditioner. Pre-conditioner is an additional part for
extruder in which steam is used to pre-heat the product before entering the extruder,
thereby increasing the extruder capacity and reducing the wear. Steam jacket in the pre-
conditioner was fed with low pressure steam (0.9 MPa). After that the heat generated in
the extruder barrel typically raises the temperature to 104-115°C at feed rate of 1 ton/h
and the product was held in the extruder with 2.9 min. of retention time.

2.2 Materials

Raw soybeans that used for producing the animal feed in this work were the dry
soybeans, which were stored in the silo in order to prepare as a raw matenal for drying
by fluidized bed dryer. The moisture content was approximately 12% dry-basis. For
the raw material used in the extrusion process, it must be milled as a soya flour before
entering the system. This was given the moisture content of 13-14% dry-basis. The
moisture contents of samples were determiined at a temperature of 103°C in an electrical
oven for 72 hr.

___________________ Exhaust air
‘_@" ''''''''''''''''''''''''' B

Grain inlet
l e

e o) Q
DD

° " (<] o o 5

: o ?ﬂ%
Burner T ’_/"/’- L -

il A\ .
— il |
H T J

Gramn outlet

Figure 1 Schematic diagram of fluidized bed dryer
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2.3 Analytical methods

2.3.1 Urease activity

The urease activity could be measured by detecting pH change, which was
caused by the urease converting urea to ammonia. A properly cooked soybean will give

a urease activity of 0.30 rise in ApH. The measurement method was followed by the
AACC procedure (1944).

2.3.2 Crude protein

Nitrogen content of soybean was analysed by Kjeldah! method (AOAC, 1980)
using a nitrogen analyzer (Model VAPODESTI2) and crude protein content was
calculated by %N x 6.25.

2.3.3 Protein solubility

Protein solubility indicated the dispersion of proteins in 0.2% KOH solution.
The nitrogen in the supematant was determined by the Kjeldahl method. According to
American Soybean Association (Araba, 1990), protein solubility should be in a normal
rangé between 70 and 85%. If its value is lower than 70%, it means the overcooked
soybean, but if higher than 85%, soybean is insufficiently cooked. Protein solubility
was calculated by

nitrogen ofthe sup ema tant in 0.2% KOH solution « 100 (1)

Protein so lubility =

crude protein

Pre-condilioned leed

Steam-Jackeled

l

Exiruded :."'g'iﬁ: ?ﬂ bj’hﬁ

Exiruder

Figure 2 Schematic diagram of extruder with a pre-conditioner.
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3. RESULTS AND DISCUSSION
3.1 Moisture distribution :

Figures 3 shows the moisture content of soybean entering and exiting from the
extruder (Fig.3a) and fluidized bed dryer (Fig.3b} during the operation. It was found
that inlet moisture content of soybean was nearly constant during the experiments. For
the extrusion process, the outlet moisture content of soybeans was slightly different
from the inlet, 1-2% for the moisture reduction. Whilst the moisture content was
rapidly reduced from 12% to 1% dry-basis for using the fluidized bed dryer as shown in
figure 3b.

3.2 Soybean quality

Table 1 shows the full-fat soy flour analysis after the extrusion process.
Temperatures of soy flour reach 88-94°C and 104-115°C at the pre-conditioner and the
extruder exist, respectively. From this table, it indicates that the temperature of 104-
115°C is enough for reducing the urease activity to be lower than the acceptable limit.
The urease activity is very low (0.01-0.04) when compared to the AACC standard limit
(0.30 ApH). For the fuil-fat soybean kernels dried by the fluidized bed dryer, the urease
activity varies in a narrow range of 0.21-0.26, which is significantly higher than those
obtained from the extrusion. The larger amount of urease activity is probably due to the
lower grain temperature obtained from the dryer. However, this range is still accepted
for using as a raw material for the animali feed industry.

For the change of protein solubility, it correlates inversely with temperature;,
lower protein solubility associated with higher temperature. As represented in Table 1,
2, the percentage of protein solubility after passing such processes varies in a range of
72.6-79.3%. According to these values, it indicates that the soybean is suitably cooked.

16
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Figure 3 Moisture content of soybean entering pre-condiftoner and exiting from
extruder vs. operating time
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Figure 4 Moisture content of soybean entering and exiting from fluidized bed
dryer vs. operating time

3.3 Energy consumption
Table 3 shows the energy consurnption of industrial-scale extruder and fluidized

bed dryer. From this table, it indicates that the thermal and electrical energy
consumption are respectively 625 and 928 MJ/ton of product for the extrusion process
and 911 and 204 MJ/ton of product for the fluidized bed dryer. The electrical energy
consumption was calculated by multiplying a factor of 2.6. These results show that the
soybeans treated with the fluidized bed dryer can be saved the energy around 28%,
comparing 1o the extrusion pracess.

In evaluating the energy cost, we assume that LPG gas cost is 20 baht/kg and
electricity cost 1s 2 baht/kWh. The results are shown that the total energy costs of such

Table 1 Full-fat soy flour analysis after extrusion process

Time Temperature (°C) Moisture Content (%d.b.) |Urease Activity Protein
- T " HH 1 l'
(min) precond. | Exit inlet outlet (PH Change) Solubility ¢
15 g9 105 119 1.4
1 88 104 13.0 1.6 0.4 3
45 91 108 14 121
X 76.4
60 92 [ AR] 4. 12.5
s 91 110 12.% )
on 5.0
90 912 111 12.7 (R
108 94 (%) 12.9 1.6 0.03 13
120 93 IS 13.5 11.3
138 93 114 133 1.8 0.0 156
150 91 112 12.9 i1.4
165 92 113 129 1.2 0.01 ’ 6.2
180 92 (194 F1.8 11.7
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Table 2 Full-fat soybean analysis after fluidized bed heating process

Time | Temperature (°C) Moisture Content (xd.b.) Urease Activily PrQ_t('-rin
(min) et air drying inlet outlet (pH Change) Sotubility (%)
room
15 161 140 18 08 '
30 [60 14} 1.9 0.9 0.25 7.6
45 142 144 1.9 1.2
60 155 145 123 13 021 .4
75 160 145 119 1.0
20 167 147 1.3 1.0 0.26 744
145 166 147 12.1 1.4
110 171 152 113 L6 0.27 756
135 174 IRLY: 123 1.5
150 178 159 12.4 16 0.24 726
165 164 144 113 14
k0 | 1ss | _‘ 123 14 0.26 746

Table 3 Energy consumption of industrial-scale extruder and fiuidized bed dryer

f Extruder Fluidized bed dryer ]

Fﬂ;sting hours 3 Testing hours 3
Capacity (ton/h)* 1 Capacity {ton/h)* 2
Qutlet pre-conditioner temp. (°C)* 92 Inlet hot air temp. (°C)* 164
Qutlet extruder temp. (°C)* 110 Drying room temp. (°C)* 148
Intet moisture content (% d.b.)* 13 Inlet moisture content {% d.b.y* 12
Qutlet moisture content (% d.b.)* 12 Outlet moisture content (% d.b.)* 1
Electrical energy consumed 928 Electrical energy consumed 204
(MJ/ton of product) (MJ/ton of product)
Thermal energy consumed 625 Thermal energy consumed 911
{MJ/ton of product) (MJ/ton of product)

{

e Average value

processes are insignificantly different. In accounting the operating cost for the fluidized
bed dryer, the dryer was operated with no recycle air. However, if the exhaust air 1s
fully recycled, the energy will then be saver 79%, comparing to that with no recycle air.
Accordingly, the total energy cost become lower than 72% when compared to the
extrusion cost. Note that the investment costs of fluidized bed dryer and extruder with
capacity of 1 ton/h are 375,000 and 3,200,000 bahi, respectively, It indicates that the
investment of fluidized bed dryer 1s significantly lower.

4. CONCLUSIONS

Both extruder and fluidized bed dryer can be used in animal feed industry for
eliminating the anti-nutritional factors and improving the degree of heat treatment.
They can reduce the urease activity to adequate level, a long with the percentage of
protein solubility falling in the range of standard level. The fluidized bed drying
technique has a high potential for replacing the extrusion process since it could save the

-
Lol o
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vestment and energy cost around 88% and 72% when the system was operated by
closed loop.
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ABSTRACT: The objective of this research is to study parameters affecting thermal efficiency of
sawdust cyclonic furnace and carbon monoxide produced by the fumace. The furnace is composed of a
steel combustion chamber vertically connected to a steel cylinder. Primary and secondary air ducts are
tangentially connected to the upper part of combustion chamber and cylinder respectively. Tertiary air is
supplied into the lower part of the combustion chamber. The experimental results showed that thermal
efficiency of sawdust cyclonic fumace depended on velocity of primary air and tertiary air quantity.
Carbon monoxide quantity decreased with the increase of temperature in combustion chamber. The
results from the experimenls indicated that the experimental condition at the air quantity ratio of
primary:secondary:tertiary {80:0:20) and the temperature of combustion chamber around 800°C gave the
maximum thermal efficiency of the furnace at value of 75% with 98.5% of carbon conversion and 56 ppm
carbon monoxide quantity.

KEYWORDS: Biomass, Fumace, Sawdust
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EXPERIMENTS ON IN-SUORE PADDY DRYING UNDER
TROPICAL CLIMATE : SIMULATION AND PRODUCT QUALITY
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ABTRACT: The main objective of this work was to study the rice whiteness and paddy qualities of rice
in terms of hardness, stickiness, cohesiveness, viscosity and germination of rice. The prediction results of
moisture content and whiteness of rice were compared to the experiment results using a near-equilibnum
drying model, which was modified by including whiteness kinetics of rice kemel, The long grain rice
(Suphanburil high amylose indica variety), which consists of amylose content of 27%, was used for all
experiments. The experiments were set up at the average ambient temperature of 30+4°C, average relative
humidity of 76+8% with a fixed bed depth of 1.0 m. Specific air flow rate of 0.65 and 0.93 m*min-m* of
paddy were forced continuously through the paddy bulk at an initial moisture content of 18.5% and
20.1% wet basis, respectively. The desired final moisture content of paddy was about 13.320.6% wet
basis. The results were shown that drying rate and the whiteness predictions were in good agreement 10
those from the experiments The in-store drying using ambient air condition did not produce notable effect
on the rice whiteness, head rice yield and the percentage of paddy germination. However, the hardness,
stickiness, cohesivencss and viscosity of rice were significant different.

KEYWORDS: Drying model, Grain, In-store drying, Rice quality

For further details, conract Yutthana Tirawanichakul, Energy Technology. School of Energy and
Materials King Monghkut's University of Technology Thonburi, Suksawat 48 Rd.. Bangkok 10140,
Thailand.
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1. INTRODUCTION

Freshly harvested paddy may contain the water around 18 to 23% wet basis. The
management of highly moist paddy during the harvesting period is a serious prdblem
because high humidity condition can encourage the excessive mould growth and the
high respiration rate from grain. Consequently, dry matter is lost and heat liberated from
respiration and biological activities may accelerate rice yellowing [Soponronnarit and
Nathakaranakule [1]]. To obtain high quantity of paddy and prevent all the above
problems, moisture content should be reduced and gentle drying is an essential
technique for this purpose. The in-store paddy drying, which is well known as a fix-bed
drying, is the most common method. This drying technique always yields a good quality
of milled rice because of low drying temperature and low specific air flow rate
[Soponronnarit [2]; Soponronnarit and Chinsakolthanakorn, {3]]. To ensure a high head
rice yield and a high germination rate of rice, the recommended drying temperature
should not exceed 43°C [Soponronnarit and Preechakul, [4]]. Soponronnarit, [5-6])
suggested that drying time for in-store paddy drying should not be longer than 12 and
21 days for the moisture content at 20% and 18% wet basis respectively, to be not
higher than 0.5%.

Quality index, which is used for considering quality of rice, is the head rice yield
and the rice yellowing. Many researchers have studied on physical quality either in term
of yellowness or whiteness [Quitco, [7]; Gras and Bason, [8]; Soponronnarit ef al. [9]].
Gras and Bason, [8] reported that the loss in the nutritive value of rice was occurred
when the rice had an intense yellow.

Quitco, [7] observed yellowing of milled rice and concluded that the accumulation
of fungal metabolites (Fusarium sp. Aspergillus flavous) might be expected to produce
typically the distinctly yellowed individual rice kernel while the nen-enzymic browning
reaction might cause the overall change in hue. Some microorganisms, such as
Curvildaria sp., Aspergitlus terreus and A.ochraceus, might be expected to produce the
black rice kernels. Gras er al. [10] summarized that the water activity and temperature
intensively affected the degree of yellowing rate and the rate was slightly affected by
the presence of oxygen (O;) but not by the carbon dioxide (CO;). Soponronnarit et al.
[9] studied on the yellowing of rice kernel. In their work, initial moisture content of
paddy was about 19.4% wet basis. The results indicated that the yellowing kinetics were
the zero order and the equation used for yellowing rate was in the range of 35°C to
65°C and water activity of 0.80 to 0.95%.

In the present work, the quality of paddy during drying under hot and humid
weather is investigated. The rice whiteness, paste viscosity, hardness, stickiness and
cohesiveness of rice (Texture analysis) are considered. A mathematical model
developed by Soponromnarit and Nathakaranakule, [1] for predicting the moisture
content and the yellowness 1s also presented.

Mathenatical Drying Model

Mathematical models for deep layer grain drying can be divided into 3 models as
follows: non-equilibrium model [Brooker er afl. [11]], near-equilibrium model
{Soponronnarit, {12]] and logarithmic model [Hukill, [13]]). The near equilibrium model
developed by Sopenronnarit, [12] was represented in this work. The main equations of
the model are as follows:
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(a) Energy balance equation for a thin layer
The sum of changes of the internal energy within a control volume of a thin bed
and the enthalpy of flowing stream is equal to zero. The following equation can thus be

written as
o, T, +(2502 +cy T W, +chw30 =c, Tp+(2502 +¢ ToW, +chwa(l)

Where ¢ = specific heat capacity, kJ/kg-°C T = air temperature, °C
fo = grain temperature, °CW = absolute humidity, kg H,O/kg dry air

R = ratio of dry grain mass to dry air mass, kg dry matter/kg dry air
With subscripts:

a = dry air f = afier drying

0 = before drying pw = wetgrainv = water vapor

(b) Mass balance equation for a thin layer
The assumption is that water vapor evaporated from the thin layer is equal to the
change of water vapor in flowing stream. The equation of mass balance can thus be
written as

W~ W, = (M, -M¢} R (2)
Where M = grain moisture content, decimal dry basis

c) Thin layer drying equation
An empirical thin layer drying equation developed by Agrawal and Singh, {14]
was used. It can be written by,

MR:[]\Z%MX'\;;] = exp{~-xt") 3

x = 0.02958 —0.44565 RH, +0.1215T (4)
y = 0.13365 +1.93653 RH, ~1.77431 RH] +0.009468 T,(5)
Where RHo = relative humidity of air before drying, decimal

M, = initial grain moisture content, decimal dry basis
My = equilibrium moisture content, decimal dry basis

{d) Dry matter loss(DML)
Seib et al. [15] studied experimentally the dry matter loss of paddy and predicted
its quantity in terms of grain temperature and moisture content. The equation can be
written in the following empirical form:

O msvszypdvinnomadmnsiunsasuinfszmalng /33 3 Suil 24 wgunman 2545 visaBuRiSua 2 '



DML = 1-exp[TERM] (6)

In which
t C
TERM = a[]OOOJ exp[D(1.8 6-28)] exp[(E(M ,, ~0.14)] (7)
Where DML = dry matter loss, decimal t = storagetime, h
6 = grain temperature, °C M. = grain moisture content, decimal

dry basts

For long grain

a,cd.e = 0.001889,0.7101, 0.0274 and 31.63, respectively.

(e} Yellowness of rice kernel
The yellowing rate of paddy depended on temperature and water activity and an
empirical equation for predicting the degree of yellowness was proposed by
Soponronnarit er al. [9] as given by

db
w - K (8)
And  Ink = 71.87 —2532a - oooi0d3 10712783 , (9)
T T
Where b = yellowness of rice, Hunter b unit t = time, day
k = constant value for the yellowing rate, Hunter b univday
aw = water activity, decimal T = temperature, K

The relationship between the whiteness and yellowness can be expressed by
W = 85.1-3.36b (1)
Where W = whiteness of rice

The average moisture content and the average whiteness throughout the bed
height can be determined by Equations (11) and (12} respectively.

M - [§ M(x)dx () And W, = [5 W(x)dx (12)
[t dx [§ dx
Where M, = average moisture content of paddy, % wet basis
W, = average whiteness of rice kemnel, % x = bed depth, m
M(x) = moisture content of paddy, % wet basis L = total bed depth, m
W(x) = whiteness of rice in each bed depth, %

2. MATERIALS AND METHODS

2.1 Marterials

FIGURE 1 shows a deep bed dryer which was comprised of a drying bin (Point 1),
an electric heating unit (Point 2) and an outlet air duct (Point 3). The experiments of
deep bed paddy drying were conducted in an insulated cylindrical bin having a diameter
of 0.75 m and a height of 2.75 m. The bed depth of paddy was fixed at 1.0 m. Ambient
air was blown through a perforated steel sheet and then into the grain bed. Specific
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airflow rate was varied by controlling the speed of forward curved blade centrifugal fan
and butterfly valve. The air was flowed through the paddy bed from the bofttom to the
top of paddy bed and the outlet air was then delivered to the atmosphere.

4 Blower

2. Heater

'FIGURE 1 Schematic diagram of in-store drying system

2.2 Methods

Dry paddy (Suphanbun 1, high amylose indica variety, moisture content of 12%
wet basis) was rewetted by spraying water and then mixed and kept in a cold storage at
the temperature of 4-8°C for 7 days. The desired initial moisture content for the
experiments are 20.1% wet basis for experiment no.1 and 18.5% wet basis for the
experiment no.2. The moisture content of paddy was determined by the standard air
oven method at 103°C for 72 hours. The paddy was dried continuously under drying
ambient air condition with a volumetric flow rate of 0.93 and 0.65 m’/min-m’ of paddy
for the [st experiment and the 2nd experiment, respectively. During the experiments,
inlet air, moisture content, grain temperature, outlet air, head rice yield, and whiteness
were recorded. The grain temperatures, dry bulb and wet bulb temperatures were
measured by K-type thermocouple, which were continuously monitored by a Yogokawa
data logger with an accuracy of  0.1°C. Air relative humidity was determined from dry
and wet bulb temperatures. Air velocity was measured by a hot wire anemometer.
Product qualities of paddy in terms of head rice yield, whiteness, yellowness, viscosity
and texture properties and germination of paddy were determined and compared to the
control samples (The rewetted paddy was dried by ambient air ventilation in a thin layer
dryer). The viscosity properties of rice samples were determined using an Rapid Visco
Analyzer (Newport Scientific Ltd.) and texture analysis was determined in terms of
hardness, stickiness and cohesiveness of rice using Texture analyzer. The method of
head rice yield determination was followed the guidelines of Rice Research Institute,
Ministry of Agriculture and Agricultural Cooperative, Thailand, The retative head rice
yield referred to the ratio of head yield obtained from the above-mentioned process to
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head rice yield obtained from the controlled samples. The yellowness of rice kernel was
calculated from the whiteness and presented in terms of Hunter & unit.

3. RESULTS AND DISCUSSION

3.1 Motstwre profile and Energy consumption
The results are divided into 2 parts. Firstly, the comparison between moisture
content of paddy and simulation results is presented. Lastly, the product qualities of rice

W

il be discussed.

. FIGURE 2 illustrated the evolution of temperature profile during drying periods
in each bed height. FIGURE 2 showed that temperature profile at bed height, where the
. paddy was dried, was close 1o the ambient air.
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FIGURE 2. The evolution of temperature profile during drying

The paddy was dried from the initial moisture contents of 18.5% and 20.1% wet
basis to 14+1% wet basis. FIGURE 3 illustrates the moisture profile of both
experimental results and prediction results. FIGURES 3(a) and 3(c) show the moisture
content in each bed depth throughout drying time for the specific flow rate of 0.93
m*/min-m’ of paddy (The experiment no.l) and 0.65 m’/min-m® of paddy (The
experiment no.2), respectively. The results show that the predicted moisture content
tends to be slightly different from the experiment value, particularly at higher bed
height which shows the moisture content prediction from the model higher than that
from the experiments. FIGURES 3(b) and 3(d) intend to show the average moisture
content prediction, which is included and exciuded respiration effect for the calculation.
The simulation with including the respiration effect shows the moisture content
predictions more accurately than the excluded one. In addition, the respiration effect 1s
more pronounced to moisture reduction in particularly at low airflow rate as shown in
FIGURE 3(d), comparing to FIGURE 3(b).
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FIGURE 3 Evolution of moisture content profile and average moisture profile
during drying

Energy consumption reported in this work covers only the mechanical energy used
for driving the fan and heat loss at the motor was not included 1n the analysis.
Comparison of specific energy consumption between prediction and experiment is not
significantly different. The energy consumption of both experiments were in range of
0.06-0.10 MJ/kg of water evaporated wlhiich is obtained from the prediction values while
the energy consumption of 0.10-0.11 MJ/kg of water evaporated is obtained from the
experiments. Due to grain respiration effect, energy liberation corresponding to dry
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matter loss of 0.7-0.9% for both experiments, were about 2.04-2.12 MJ/kg of water
evaporated. These amounts were used for evaporating the water. These mean the energy

fror_'n respiration effect is the impartial contribution to reduce the moisture content of
graim.

3.2 Paddy Quality

In experiment no.1, an average initial whiteness value of rice is 50.3 and the
average final value of whiteness was 48.8 after the paddy was dried for 936 hours. For
e_xperimcnt no.2, an average initial rice whiteness is 49.8 and the average final value of
rice whiteness was 49 for the bed depth of 0.05m.(bottom level) and 0.4 m.(middle
level). The results were illustrated in FIGURE 4.
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FIGURE 4. The evolution of whiteness of rice during drying period

These values were good agreement between prediction values and experimental
values while the paddy at high bed depth of 1.0m (top) was infected by fungi for
experiment no.2 so the rice samples get more yellowing and damage so that its
prediction becomes relatively lower is[FIGURE 4(b)]. The result showed that an
experimentally determined rice whiteness values at the higher levels was slightly higher
than these at lower bed levels as shown in FIGURE 4(a) and 4(b). This was because the
drying rate at the lower bed height was higher than that at the higher bed height.

The average initial head rice yield of the experiments was about 50 and the
value of relative head rice yield after drying was between 0.92-0.98. For the
experiments, the germination of paddy were in range of 92.5-94.5% and 93-95% for
control rice and after drying paddy, respectively. The results showed that they were
insignificant different. These results could be concluded that in-store drying by ambient
air ventilation was not affected the head rice yield and the germination.

Q matzpsdvinnmnndnanssuinyasdsdszmaing a3 3 Fui 24 nouman 2545 VeaBuRiGua 2 '



3.3 Viscosity and Texture analyses _ _
Due to the rice samples from the experiment no.2 were infected by fungs so the

amount of rice sample were not enough to all of the quality testing $0 the TABLE 1
only illustrated the chemical, physical and physico-chemical properties of rice in the
experiment no.| _

From the quality parameters, they indicated that rice after drying were changed
in physical properties in terms of hardness, stickiness and cohesiveness and also were
changed in physico-chemical properties in terms of viscosity. The value o_f rice
hardness, stickiness and cohesiveness after drying were higher than control rice as
shown in TABLE 1. The increasing changes of the hardness, stickiness and
cohesiveness after drying were supported and correlated to RVA testing in terms of
peak viscosity increasing (158.38 RVU of control rice and 249.29 RVU of after drying)
and final viscosity increasing (340 RVU of control rice and 387 RVU of after drying
rice). These were because rice after drying was tightly packed with polygonal granules
and spherical shaped protein bodies and these results were the same phenomena as
previous work [Imprasit and Noomhorm, [16]]. However, the comparison chemical
properties between control rice and dried rice showed that it was not significant
different in pH and the amylose content.

Table 1. Quality parameters of Suphanburi-1 rice variety dried on in-store drying

Drying strategy Amylose pH Hardress Stickiness Cohesivenes Peak Flaal Relative
(%) (kg) (kg s viscosity viscosity Head rice
(kg-s) (RVL) (RVL) vigld
Countrol rice EXP-1 26.1 9.64 16.6644.25 056710.01 -0.03710.005 158.38 340.75 1
| After grying EXP-1 28.6 9.34 23.8745.28 -1.01540.15 -D.68140.12 249.2% | 385100 0.92

4.CONCLUSIONS

1. The deep bed paddy drying using ambient air temperature has no a significant effect
on the average yellowing of rice kernel.

2. The modified Grain Drying Simulation (GDS) program including the yellowing
kinetics can suitably be described the drying kinetics and rice whiteness in the deep
bed drying.

3. The simulation including the respiration effect shows the more accurate moisture
predictions than that excluding the respiration effect and the energy from the effect
15 an impartial contribution to reduce the moisture content of grain. So, the in-store
drying technigue is low energy consumption process.

4. The in-store drying technique using ambient air ventilation is slightly affected the
physical qualities physico-chemical qualities of rice.
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ABSTRACT: In this present work, methods and energy consumption of longan drying process were
studied. The simulated results from mathematical model of whole longan and longan flesh were also
present. Improve technologies for longan drying led to reduction of energy consumption and achievement
of high quality final product. The simulated results shown that the specific airflow rate and fraction of air
recycle in the system have a great influence on the drying time and also on the specific energy

consumption in drying process.
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IMPROVEMENT OF AIR FLOW DISTRIBUTION IN CABINET DRYER

qus Iuuum' mued Tansuans’ uay audosd YSvegmeing’

-

‘AaRsd, geeAanrense

wwanenfumalulrinsraonndsLyT npamm

e v o A a

vnfage : mwliaiumevaims ivavesnnienioluni s aiuileduiddgydunilmdwmaligunnyomda

Fusimdieuniading qmfﬁuﬁ:ﬂumfﬁ%’uﬂimﬁ'lwmaammﬁmu'lum‘?mauuﬁquuun: TuminamouldlEd iy
‘Ijuﬁ'nﬂu’i'ﬁfg‘lumiﬂﬁﬁau ﬂ'numj1lﬁuauamuﬁ1nnmuﬁaaauuﬁ'qﬂquanTﬂumﬁnqmngﬁua:msns:nwmmf;u
vowdnsusinwluarount msadausdananiduitnis falaonmedon mnnanisnansanuiinaoini
drulna ImarmufeseuiaiuToadudive sfaseuuts wazniraadeludiufmmisaniuinumad woaeuue

. A v ' d o ¥ & o . P .
s anapuuanavea Nuauifholudassadived vy ddanudromoyduns &0 luaeda vl Svau

ABSTRACT : A non-uniform flow inside cabinet dryer is an important factor which causes the poor
quality of product after drying. The improvement of the flow characterstic is the main interest in the
present work. Wetted cotton cloth was used as a raw material in the expeniments. The uniformity of
airflow inside the dryer was indirectly indicated by the temperature and the moisture content. The
expenimental results indicate that the farge amount of airflow likely flows through the bottom region of
the cabinet dryer. The lesser variation of moisture content in each trolley is obviously obtained by
installing the guide vane when compared to that with no guide vane.

Keywords: Cabinet dryer, flow characteristic, Aerodynamics

For further details, contact, Sumate Rujininnat Energy Tech. Devision, School of Energy and Materials,
King Mongkut's University of Technology Thonburi, Sui Suksawar 48, Bangkok 10140, THAILAND.
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Energy Conservation in a Traditional Medicine Factory
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ABSTRACT: The energy audit in a tradilional medicine factory was conducted in this research. The
current total energy consumption, which consist of charcoal 84%, diesel oil 11.7%, and electricity 4.3%,
18 627.3 GI per month. The main product, which is for both local consumption and export, is the bar form
of dried traditional medicine made from herb. In the process, drying which is heated by buming charcoal
consumes the highest energy. Thus in this research the energy conservation was focused on drying
process. There are 84 cabinet dryers, each with 15 stories and capacity of 100 kg, is operated as batch
process with natural ventilation.

Typica! drying period, in which the product moisture is reduced from 182-298%d.b. to  3-
5%d.b. is 45 hours per batch. The existing cabinet dryer consumes 33 kg of charcoal per batch or 66.4 kg
of water evap. per GJ. From energy balance, it can be indicaled that the major causes of energy loss are
incomplete combustion and flue gas loss. The input fuel was adjusted to improve the drying efficiency.
The results showed that based on the final moisture content of the product (less than 8%) the fuel input of
the dryer could be reduced to 24 kg /batch or 93.9 kg of water evap. per GJ. Based on the charcoal price
of 6 baht/kg, average daily operation of 25 dryers and 300 days/yr., the total energy saving was about
405,000 baht/yr. (2 x 10° klfyr. or 27%) The adjusting of inlet and outlet air channels is not
practical since the final moisture of the product was too high.

KEYWORDS: Dryer / Energy conservation / Herbs / Natural ventilation.

For further details, contact, Energy Tech. Devision,School of Energy and Materials, King Monghut's
University of Technology Thonburi, Soi Suksawar 48, Bangkok 10140, TH.
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EVALUATION QF STATUS OF PADDY DRYERS IN THAILAND

F3)
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unfage: nuisuiiiingqussaadie Ussbuaninmnisifindosevuniatndanuudn vealsaihaszmalng
Taul¥asdrsruasdawymeuomdudusznoums lssddnimifimssdannnd1 100 wovday Wiuenitudods
Tsedooniuna uazudidadrunsiusaet TsadamsnanTedluma q 3auvadu 50 T1a Tu 36 Sanda wuh
TumnasTuseniiuomiofudaculsed 19 Tss DTsafldinfesounds 52.7% wex  finnwdeamsidnTosoudialy
puina 368% Saanmadulnafuvuialng Tumanmafiudaenalsd 22 Taa HTnadldinTesouuds 81.9% Dlsef
Foamsiniosountaluauing 59.1% 1fi99Ind0enTs arATMIALIINE A INDIMALAZ AR THAR TumamTorfius
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I Bansiran a9 1 oseuniatanfenTavsaumy it indeapunianun LSU Sd1aou
WINFITR (65.4%) T09091AD HUU Recisculating Batch (20.6%) uanniesvUIT LY LSU fimdansudasmnniiaa
(79.3%) 1090000 tuugd ladun (6.8%) ?hum‘s‘maunﬁqﬁ;‘?ﬂsznaum-s]Nﬁwaiu urusious Tnosay

onuinTUdisufe miasound suungs ladiun, LSU, Cross Flow a2 Recirculating Batch A10d iy

ABSTRACT: The objectives of this study are 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, nced 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 dryess 1o extend their drying capacity or to purchase new dryers to avoid uncertainty of weather.
From 9 rice mills in the northern region, 55.5% of surveyed rice mills use dryers and 44.5% intend to
purchase more or new dryers. Most of them locate in the lower part of northern region.

The analytical results of the survey showed that LSU dryers were mostly used {65.4%) and
recirculating batch dryer are the next (20.6%). The maximum total drying capacity was produced by LSU
dryers, approximately 79.3% and the fluidized bed dryers have total drying capacity of around 6.8%.
The most satisfactory dryer is fluidized bed dryer and the next are LSU, Cross flow and Recirculating
batch dryers, respectively.

Keywords: Dryer, Paddy quality, Rice mill

For further details, contact Khunpho! Sungareeyakul Post-Harvest and FProcessing Engineering,
Agricultural Engineering and Technology, Rajamangala Institute of Technology, Rungsit-Nakhonnayok
Rd., Klonghog Thanyaburi Pathumthant [2120, Thailand
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