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Effect of Tempering on Quality of Corn after Fluidized Bed Drying
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Abstract

The objective of this work is to investigale the influence of tempenng period on the corn quality.
Drying process was divided into t~o stages. Com with initial moisture content of 27 and 30% wel basis
was dried inihally with a batch fluidized bed dryer using 150°C infet air ternperature and then foliowed wilh
lempering period. Al Ihe final stage. com was dried again wilh the ambient air.

The drying process inciuding the lempering perod between stages provides the maoisture
reductlion remarkably faster than that with no tempenng vwnereas ihe delerjoration of corn quality due to
stress crack is insignificantly improved. The corn colour is relanvely darker wilth tonger temgering time. The
sullable veiocity of ambient air for final drying stage varies between 0.075 and 0.375 m/s, depending on
the bed depth. The ambient air ventilalion does nact alfect the corn qualities, both stress crack and cofour.
The theorelical diffusion modet for sphere has been used (0 guantty qualitatively lhe appropriate

lempenng penad. The model can predict salistactonly the evaolution of masture contant throughout. 8oth
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he expenimental results and the simulation indicate consistently that the appropriate lempenng perod for
com, logether with the acceptable com, the drying process, quality, is approximately 40 minutes.

Key words: Ambient Air Ventitation / Diffusion Model / Fluidized Bed / Quality f Tempering
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Performance Evaluation of Industrial-scale Heat Pump Dryer

- - - - -
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fwh fin COP, aglutna 3.8 - 4.7 uas 1 EER; ablugs 1.7 - 2.1 kWukW,,. Jymidmlngfiny fo lu
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Ahstract

The performance of two industrial-scale heat pump dryers under actual operating condiions in the
sites was studied. The product quality and operating problem were considered. First dryer |s the open loop
system for rice seeds drying, which has capacity of 8 lons of rice seeds per batch and maximum batchwise
seed circulation of 6 tons per hours, The maximum average value oblained of drying rate, SMER, COP,, and
EER; were 25 kg water evap./h, 1.9 kg water evap/kWh, 7 and 3.9 kW, /kW,.. respectively. For the average
specific energy consumption, the minimum vaiue was 1.9 Ml/kg waler evap. Too low drying air temperatura,
the dust coilection on the heat exchanger and frost forming at evaporator when the ambient temperature is too
low were the main operating problems. The second dryer is closed loop system for various kinds of both fresh
and processed agricuttural preducts. The dyer chamber can accommodate 4 mobiles with 17 tlers each. The
dryer s usually operated al part load with varous kinds of product. The evaluation results were shown that the
average value of drying rate, SEC, SMER, COP, and EER; were 6 -11.6 kg water evap/h, 42 - 7.8 MJ/kg
water evap., 0.5 - 0.9 kg water avap/kWh, 3.8 - 4.7 and 1.7 - 2.1 kW /KW, respectively. The problems that
were found during operation drying were the higher drying air temperaturs than setl point while the product is
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nearly dry, air leakage at the edge of drying chamber and relatively difficult loading of mobiles. The'produc(
qualities oblained from both dryers are salisfaclory.

Key words: Orying / Rice Seeds / Agricuitural Products
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MAHWIN
ATR 1 AU Ui
Tesl nos.
Description 1 2 3 4 5 5
Armbient condi’tjon
Average lemperalure (OC) 25 26 25 26 24 20
Average relative humidify (%) 59 62 57 55 51 44
Condition of paddy seed
Average maislure content before drying (% w.b.} 15.4 54 14.0 14.7 13.5 13.8
Average moisture content after drying (% w.b.) 11.8 12.7 11.5 11.2 12.2 11.2
initial weight (kg} 4,922 8,250 6.505 7.140 7.378 6,637
Drying air condition
Average temperature (OC) a1 33 32 32 a0 23
Average relative humnidity (%) 29 30 28 28 25 24
Specific air flow rate m: air/min-m’ paddy) 13.62 8.13 10.17 8.79 8.39 $.32
Drying time (h) 10 10 12 14 8 5
Pecformance of heal pump dryer
Average drying rate (kg water evap.J/h} 200 25.0 15.0 20.0 138 13.7
Average SMER (kg water evap./kWh) 1.55 1.87 1.14 1.48 1.04 1.00
Average COP,, 6.87 6.65 6.94 6.93 5.99 5.47
Average COP,; 6.96 6.45 6.54 6.37 6.85 5.46
Average EER, (KW /KW ..} 3.92 M 3.7 361 373 2.75
Average useful heat (%) 99.8 100 100 981 88.0 91.5
Average SEC (MJ/ kg waler evap.) 2.33 1.93 3.18 2.42 .46 3.60
Seed quality
Average germinalion lest (%) (Standard >85%]) 97 92 95 94 g1 96
Average vigor test (%) {Standard >70%) 78 78 87 87 78 73
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A Non-EQUILIBRIUM MATHEMATICAL MODEL FOR BATCH GRAIN
DRYING IN TWO-DIMENSIONAL SPOUTED BED

T. Madhlyanon, S. Seponronnarit and W. Tia

School ol Energy and Malerlals King Mongkut's University of Technolegy Thonburi

Suksawal 48 Road, Bangkeok 10140, Thailland

Abstract

Two-region, non-equilibdium model of two-dimensionat spouled bed dryer has been developed.
The model, based on heat and mass transfer interaclions between the spout and the downcomer, predicts
the air and grain temperature and moisture content throughout each thin layer of grain at unsteady state.
The mode! consists of a set of four differential egualions, applied for each layer. Validation of the modei
was made by comparing predicted and experimental data for balch corn drying. Simulation clarity the
physics of drying and lead lo the simplification assumptions reasonably used for the downcomer. Drying ‘
and heating process are shown to occur mainly in bath of the spout and the downcomer regions. Overall,
the errors between experiment and simulation were considered acceptable.

Key Words: com, drying, equilibrium model, isothermal bad
[ntroduction

To simulate model tor spouled bed, macroscopic drying of lhe overall bed incorporating mass
balance, energy balance and drying rate equation, which mechanism of drying for spout and downcamer
regicns are not assessed Sepacately, is generally developed. Thermal equilibrium between lhe g-rain and
the air leaving the bed and well mixed isothermal bed are usually assumed for simplifying model and thus
the model does not deal with heat iransfer equation {Becker and Saltans, 1860; Zurith and Singh, 1982;
Zahed and Epstein, 1992; and Ngygen, 2000). Zurith and Singh (1982) developed a model for baich
drying using a semi-lhecretical of the heat desorplion-vapornzaton as a function of temperature and
moisture content. To predict the moisture content, they applied constant coefficient to the diffusion drying
equation. Unlike Zurith and Singh (1982), Zahed and Epslein (1992} used an empirical equation relating
the diffusion coeffictent to iemperalure and moisture .content_ For continuous drying, Becker and Salfoﬁs
{1960} and Zahed and Epstein (1992) incorporaled a residence tme distribulion function into the drying
equation In a recent sludy, Jumah and Mujumdar (1996} developed a model {or balch drying of corn in a
novel rotating jet spouted bed under conditon of consiant and intermittent drying. Unlike prior related
works as above-mentioned the thermal equilibrium and no lemperature gradient inside lhe kernels
assumptions were not employed in their model.

This paper presents the npon-equilibrium and non-isothermal bed model that is validated by

companng to the experimental results of corn balch arying n two-dimensional spouted bed dryer
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(proposed by Mujumdar (1984)). Unlike the previous studies, modeling for spout and downcomer regions

are to be considered separately in crder to betier understanding the physics of drying. '
MODEL DEVELOPMENT

Aséumptions:

1. The lollowing assumptions are made in the development of the mathemalical modei

2. The corn kemels are uniform i size and inlernally homogeneous, and can be approximated as
{sotopic spheres.

3. Intemal moisture diflusion deminates the drying process, so that lhe extemal convective mass
transfer resistance can be negleclied and the surface moisture content of grains is assumed to reach
instantanequs equilibrium with the drying air.

4. Moisture migration within the grain kernel is controlled by liquid diffusion,

5. Temperature gradients within the grain kernel are negligible.

6. The eflecis of heat conduction and moisture transfer between grains, heat losses and grain
shrinkage are nol accounted.

7. The accumuiation rate of the thermal energy and water vapor ¢f the air in the bed is negligible.

8. The aiflow and grain fow are plug type in both regions and the co-curentflow and counterflow
are assumed for spout and downcomer regions, respeclively.

To simuiated drying in lhe spoul and lhe downcomer regions, the bed is assumed lo be divided
into a series of elementary layers (Figure 1) wilh differential thickness (.jy) and unil cross section area.
The basic knowledge of mass and energy conservation with accounling for convective heat transfer (air-
grain interface) and diffusion mass transfer within the kernel are employed to each thin layer drying which

ieads 1o the development of a set of differential equalions,

Mass (moisture) balance:
Hence, assuming ptug flow for both regions and by employing assumption {6}, that accumulation
rata of water vapor of the air within the elementary bed is not accounted, the physical meaning of mass

conservation law ¢an be written as:

Mass of moisture evaporated Change in mass of moisture in air
from grain - flowing through an element bed

which is mathemalically expressed as foilows:
dM dwy
G, — =1G, — (1)
dy dy
Eq.(1) is applied with the minus sign for the spout region with co-currentflow and with the positive

sign for the downcomer with counterflow.
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Energy (heat) balance of grain:
Energy balances employed for grain flowing into and exil an elemental bed of each region yield

the relations that can be worded as explained below:
Enthalpy change Energy used for temperature of moisture
* leaving grain to
air temperature

of grain evaporation of
across element moisture {eaving grain

air to grain

Energy to Increase
+
by convection

[Heat transfer from}

which is mathematically expressed as:
: dT dM dMm

5Q = (G,c, +GM, )= -Gr=— -G, (T, -T,)= 2)
( ) dy dy dy

£q.(2) is applied for both regions of spout and downcomer.

Energy (heat) balance of air:
Wilth the assumptlion (6) that accumulation rate of thermal energy of the air in bed can be

negligible, Thus change in energy of air across an element and heat transfer rate gives a refationship as

foilows:

Heat transfer from| | Enthalpy change
air to grain = of air
by convection across element

Which is mathematically expressed as:
5Q = +(G,c, + G;Wc,)id‘L (3)
Y

wWhere the minus sigh is applied for spout region and the posilive sigh is for downcomer.

Heat transfer rate equation:
Air-to—grain heat lransfer rate by convection is:

5Q =ha (T, -T,) (4)
which, when substituted into £gs. (2) and (3) give lhe air and grain temperatures gradient with

respect to dept of layer:

dar, ha,(T,-T) r+c(1,-T,)dm
dy Gy, +GMc, T +Mc. dy )

g OL_, ha(T-8) | )
dy G,c, + G,Wc,

Eq.(S) is applied for both of spout and downcomer region. The minus and plus signs presented in
£q.(6) are employed to the spout and the downcomer region, respectively.
To set the boundary conditions of Egs.(5) and (6). we assume that the outlet conditions of grain

for each region are the infet conditions of the subsequent region and thus we obtain:
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For spout region,

y=0, t=0 T = Tpum M =M,
t>0 T, = T, {ending of downcomer period)

M = M (ending of downcomer period)

y =0, t=0 T=T,. W=W,_.
t>0 T=T,n W= W,
where W . is the humidity of recirculation air muxing 1o a-mbient air,
For downcomer ragion,
y=20 ’ T, = T, (ending of spouting period)
M = M (ending of spouting period)

y=L 1=0 To=Tam W= W
t=0 T, T W= W,

To develop two-region model as in this study, the rate of circulation of grain has lo be determined
in order fo estimate the valua of mass flux of com {G,} by dividing the grain circulation rate by the relative
cross section area of an element bed. Katwar ef a/ (1993) have recenlly reported grain circulation rales in
two-dimensional spouted bed which is employed for this study. The convective air-grain heat transfer
coefficient is given by the comeladon of Janevijitsakul (2000} who has studied batch com drying in two-

dimensional spouted bed:

h,0
Nu =~ = 0.0220H;*"*" Re*** pr’s 7)

a

An empirical overall bed heat transfer coefficient for two-dimensional spouted bed by Kundra et

al (1989) is used to estimate the convective heat transfer coefficient for the downcomer region.

Drying rate equation:
Assuming a constant diffusion coefficient, the equation of one-dimensional diffusion for spherical

with initial and boundary conditions (o describe the moisture transfer are:

oM dM (21 aM
— =05+ 5= (®)
ot or r)or
=0, Osrsn M =M,
t>0, r=r, M= Mg
e L
or

which assumption (2) is applied for abave boundary condition at the grain surface. D is effeclive

gdiffusion coefficient, which has been determined by Chinnaboon (2000):

D = 2.82995(R, ) exp(—4338.695 / T) exp(~1.83838M) 9)
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The air leak-off rates into the downcomer region are obtained from the experimental results

’

according to Janevijitsakul (2000).
The average maislure content le(t) of com is obtained by integrating over the entire sphere
volume.

M(t) = %Elfr’M(r, tidr (10)

The heatl transfer area for each region was obtained by:
A, =6(1~¢)/D, (11

Where the value of € for the spout region was 0.93 and 0.40 for the downcomer region.

From knowing grain circulation rate ([Mg), the grain velocity could be determined by the

equation:

v, = mo/{p, (1 - €)a) (12)
Drying time in the spout region was calculate as follow:

L=H/V,, (13)
Where H, and V,, are spout height and grain velocity in the spout, respectively.

Similar to Eq. (12}, the time accompanied by lhe grain in the downcomer could be determined
corresponding to the bed height and grain velocity of the downcomer. The exit air temperature and
humidity ratio are the mixed conditions of the air jeaving the spoul and the downcomer regions.

Propertles equations:

Expressions for properties of product obtained from literature for corn are list in Table 1.

SOLUTION ALGORITHM

For modeling drying mechanism accompanied by two regions, it is considered that drying
procedure consists of a series of drying in spout and downcomer regions. The grain drying altemates
between drying in spout and downcomer regions until reaching the end of drying period. Thus, the grains
leaving one region are used as inpu!l grains to another region. The procedure of solving involves the
following:

For spout region:

1. The spoul regiaon is considered to consist of a group of thin layers stacked one upon anocther.
For a given depth of thin layer, then for a fixed velocity of grain one can automatically determine .a
required lime step. By applying diffusicn drying equation (Eq.8), moisture profile inside the kemel and
change in average moisture content respect lo a given time step are delermined. The equation is solved
numerically using Crank-Nicholson impticit method.

2. Knowing the inlet air and grain condilions of any given layer, final conditions are calcuiated at

the end of a required lime slep by solving Eqgs.(5) and (6} using the 4" Runge-katta method. The outlet air
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humidity can be determined with mass balance equation (Eq.{1)). The entire procedure is repealed for
subsequent layers until reaching the top layer of spout height.

For downcomer:

1. The end grain conditions of the spout region are assumed as the inlet conditions for the
downcomer region. The calculation starts at the top layer of downcomer bed, but only the inlet grain’
conditions dre known. Under such as this problem, the initial conditions of air need to be guessed in order
lo determine the leaving conditions of air and grain for a given layer. Consider first ileration, the conditions
of infet air (at the entrance of dryer) are used as initial guess conditions and applied ta each layer. In the
manner analogous 1o that for the spout region, four differential equations l.e., £qs.(8), (5) and (1) are
sequentially solved by numerncal melhod. Then, the final conditions of air for each layer are obtained and
employed as initial conditions of a subsequent ileration. The entire procedure is repeated until the solution
is converged.

2. Relurn to step 1 for next grain movement. The final grain conditions lor a bottom layer of
downcomer region are used as the initial conditions of the spout region for a subsequent cycie. The

calcuiations are repeated until reaching the end of drying period.
RESULTS AND DISCUSSION

The simulation results are validated with experimental data for batch corn drying in twa-
dimensicnal spouted bed unit studied by Janevijitsakul (2000}. The cperating condilions and the fixed bed
dimensions used 1o validate the model are presented in Tables 2 and 3, respectively. The model was

simulated with fayers having thickness of 0.01m for both regions.

Variation of moisture content:

Figure 2 presents the experimental and simulated moisture content for inlet temperature of 130,
140, and 150°C, corresponding to the operating conditions of the tests shown in Tables 2 and 3. In all
these lests there was a close agreement between expenmental and predicted values during drying period.,
Diflerences in computed and expenmental moisture content were less than 1.5 percentage points and may
be considered insignificant based on practical consigerations. Data in Figure 3 also showed that the
relationship of change in moisture content with fime could be considered as near-to-linear trend. These
results appeared 1o be supporied by the warks of Welchakama et &/ (1999) and Ngugen (2000).

Moisture profile and moisture distribution in the downcomer:

.Figure 3 presents change in moisiure profile insidé the kernel with drying time cotresponding 1o
four of bed height. No meisture relaxation but gentle drying was observed during the grain movement from
top to bottom of downcomer indicaled by shifts in moisture profila which resulted in moisture reduction of
0.1-0.2 percentage point for each downcomer period (=0.5min). Integrating by volume of the moisture
profiles at the end of downcomer pencd, we oblain the simulated average moisiure content changed wilh
drying lime and consequently used {or plotting moisture content curves of Figure 2.

Tel;npera-tufe distribution in the downcomer:
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Figure 4 shows the temperature evolution inside the downcomer that the deepest bed is 0.75m in
height for test no. 3. The experimental results were compared 1o the computed temperatures of air and
grain for the given bed height of 0.15, 0.40 and 0.60m. It shoutd be naoted that the measured values of
bed lemperature presented temperature somewhere between air and grain temperaltures. Data of Figure 4
exhibited a reasanable agreement wilh the experimental data by visual comparison of the plotted data.
The deviations were normally less than 10%. The simulation and expernmental results demonstrated that
the grain temperature increased rapidly during the first of 10 minutes and there after the increasing rate
was gradually decreased. Because there were large temgerature differences between air and grains at the
start of drying with a cansequent enhancing heat transter rate. )

it is worth o point out that the predicted temperature curves of edher air on grain for varicus bed
heights almost coincide. This is in line with the experimental results of bed temperature. In addition, the
predicied results showed that the grain temperature at any layers above 0.15m in height came very close
1o the air temperatures at a relative layer during drying duration caused by low air to dry matter ratio of the
downcomer. Similar results were found for all experiments. Therefore, once the layers accompanied by
0.15m of bed height are not account, thermal equilibrium and isothermal bed could be reasonably made to
develop the simplification model for the downcomer region.

Evolution of exit air and grain temperatures:

Figure 5 presents predicted and experimental exit air temperatures (measured at the outtet of
dryer) according 10 test no. 3. It is clear that the maodel produced results that conform to experimental
resulls. The e¢rors between experiment and simulation were less than 10%. The predicted curves of exit
air and grain temperatures showed that the grains did not approach o thermal equifibrium wilh the air
especially for the first half of the drying period. Similar phenomena aiso appeared for other tests. This
means that it may not really proper to predict the grain lemperalure by employing thermmal equilibrium
assumption to the model considered the interaction in the spoul and the downcomer as a whole bed.
These results were confirmed by the previous study of Zurith and Singh (1982) and the recent work of
Ngugen (2000).

The discrepancies between the predicted and lhe experimental resulls as appeared in Figures 4
and 5 were atlributed lo the simplifying assumptions made in the development of the model e.g., plug fllow

type, neglecting heat (osses.
Conclusions

In this study, two-region model of spouted had was developed o prediét changes in the -air and
grain temperature and moisture content. Validation of the model was performed in two-dimensional
spouted bed dryer for batch com drying. Analysis of the solution was based on treating air-grain
interaction in the spout and the downcomer separalely. In general, the resuilts of lhe simutation compared
well with the data from the experiments. The simulation results indlicate that the exil air and grain have
never approached themnal equilibnum condition. However, thermal equilibrium and isothermal bed

assumptions could be reasonably made to simiplify the model for the downcomer having a sufficient bed
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height. Moreaver, it is important to mention that the drying and healing process occur mainly in both of the

spout and the downcomer under a certain leak-off air to the downcomer,
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Nomenclature

Symbols

surface area of a single particle, m’
cross seclion area of bed, m2

specific heat, J/kg °c

effective diffusion coefficient, m'ls
equivalent paricle diameter, m

mass flux, kg drylmzs

convective heat transfer coefficient, Jimz °c
bed height, m

spout height, m

thermal conductivity of dry air, Wim °C
moisture content, decimal d.b.

average moisture content, decimal d.b.

Subscripts

dry arr

absolute

ambient
downcomer region
equilibrium

Initial

mixing

dry particle
spout region
vapor

waler

o O 3.

—

s < < A

mass flow rate, kg dry/s

heat transfer by canvection, W
saturated vapor pressure, Pa

radial distance from center of sphere, m
equivalent particie radius, m

relative humidity, decimal

lime, s

lernperalure, °c

velocity, m/s

volume of a single particle, m3

air humidity, kg water vapor/kg dry air

Greek letters

£

i
Pa

Pp
A

bed perosity, -

viscosity, kg/m.s

density of dry air, l-cg;’m3

buik density of padicle, I-<gfm3

heat of evaporation, J/kg

Dimensioniess groups

Nu
Pr

Re

Nussell number, h D, / k,
Prandtt number, ¢, 1L, / K,

Reynolds number, D, V, D,/ I,
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APPENDIX
TABLE 1 Properties used for simulation
Eqn.# Praperty Expression Referenca
14 A (2502 - 2.386TX1 + 4.35 exp(-28.25M)) x 10° 12
15 Meq in(l ~RH)/lc, T, Ve [/100 11
€, =-3.074=00™,c, =1.8156
16 Cog 1.465X10° + 3.56:X10° (M / {1+M)) 2
17 0N 688+110.5M 11
TABLE 2 Operaling conditions for model validation
Parameter Test no.

1 2 3
(nlet air temperature ( C) 130 140 150
Ambient temperature, dbAvb ("C) 27125 30/26 29/26
Initial grain temperature (°C) 24 27 27
Initial moisture content (Sed.b.) 38.5 369 37.0
Hold-up (kg) 30 30 30
Grain diameter {m) 0.008 0.008 0.008
Total air flow rale (kg dry/s) 0.28 0.29 0.25
Air ieak-off rate into the downcomer (%) 17 20 17
Recirculation air ratio (%) 72 69 71

TABLE 3 Bed and other related dimensions

Bed dimensions value
Spout height (m) 1.45
Entrance height (m) 0.125
Spout width {m) 0.08
Bed width {m) 0.54
Bed height (m) G.75
Width of air inlet (m) 0.04
Slant angle {degree) | 60




Moisture content (% d.b.}

airout  grainout air out
A A
Gl‘ E GP" Gl.d {
Toly+6y) Ty +89) T, (y+8y)
W (y + 8v) M, (y + 8y) Wq(y + by
’ ¥
Lo
i ]
GLS E Gp‘s ad
T., % Tea ()
& ()’) : Tp_l U) v:;d
atc tn grain tn atr in
(a)
FIGURE 1 Ejementary thin layer of grain (a) spout
40

‘E —— M odet
33 .
3 O Experiment
30 i
25 4
20 'lE
55 130°C
t6 — -
0 3 10 15 20 25 30 35 40
Time {minute)
N

e bvrar |

=

=

30

= 25 =

Q k

(8] L

= ZOTE.

5 15 -

= f

10 - ==
0 5 10

O  Experiment

210

grain in
Gpa
Tp,d (Y)
My (y)
1]
Iov ]
b4
G,
Toaly + 8y)
, Mg (y + by)
grain out
(b)

region (b) downcomer region

40T

Moisture content (% d.b.)
u

— Madel

Time (minute}

15 20 25 30 35 40

—— Model

O  Experiment

16 [5 20 25 30 35 40

Time (minute)

FIGURE 2 Comparison between medel and experimental of moisture content wilh time

(inlet air temp., 130, 140, 150 "C; hold-up 30 kg).



L7117

Muoisture content (d.b.)

00 02 04 06 08 10
/R
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FIGURE 4 Ternperature distribution inside the bed of downcomer (inlet air temp., 150 °c;

hold-up 30 kg).

140
130
120
110
100
90
80
70
60
50
40
30
20

——— Predicted exit aic temp.
——— Prcdicted exrt grein remp.

(o] Experimental exat air temp.

Temperature (°Cy

G 5 10 15 20 25 30 35 40

Time (minule)

FIGURE 5 Evaluation of exit air temperature (inlet air temp., 150 °c hold-up 30 kg).



F18UMIYszgNdgInisagnisdszandl 2544

FUNANIAINTTNNBATUMG sEnAlNg, BRUKAY, 25-26 NNTIAN 2544

L Lo
N1TaUUKILIINA_BY

Brown Rice Drying

- - - - A s 1
nir Funilad’ ausd Tanctmgnd’ waz suyaod idaun

Kt Jlam]lroch', Somchart Soponronmarll'. Somboan Watchacama'

1 dnAnmAggiln anewdinuaazire wainodomaluladrazeoundisugi
Master student, School af Energy and Malernials, King mangkut's University of Technolegy Thanburi (KMUTT),

2. 079110 ABIWANIUUAZTAR um’:nu’\ﬁ'umniu[aBmzmumé"nrm.‘l‘i

Lecturer, School of Energy and Malerals, King Mongkut's University of Technology.

-~ ]

uriadydo

nuﬁa"uffﬁd"ﬂqm:ﬁ\m‘n"iaxhtfmaummolummﬂqu{nﬂmulfnw:mummuuﬁaﬁﬂnﬁ”ﬂq Ha
nINAagIauLHeTIIndandTouRouduniTauuisunatdaan ﬁn'n:-uaqqmugﬁmn’mfauﬁlﬂum
TUWRY 45, 65 uar 65°C damn1TinaanInimzvasa ma 12 mm -min lunsaaniuiwinaldant
22% wet basis (wb) WiguALUMIARANIRWTIING IR IARINN @ sutRanfianmanduaiu Linda
14% w.b. INATTNARBINLAT ToUZDAIMTOLULAIAARITLTUTSTNINA 29 AN N1 T2 U E T AL
wasamulnadszuio 50-55% ?rmuammrﬁaauqmmwﬂ'mmwﬁlﬂ“mnmmuuﬁ'q-ﬁﬂnﬁaalugdmaa
YU I MAUTIILRZA TIND I IW LT U‘smmﬁu'ﬁwmﬁﬂmaﬂauﬂaqquﬁm‘sauuﬁaﬁq'ﬁu AT IVDY
A lan NI VIR TBLWAITIING s TA LR Ly aaiou il

Ardd: 9170829 7 DU IaumEainITauwds £ daiy

Abstract

Deyings of Brown rice and Paddy have been studied at inlel temperatures of 45, 55 and 65 °C by
using specific air flow rate of 12 mfm’-min. In reducing the moisture content from 22% w.b. 1o 14% w.b.,
drying time for the brown rice is 50 — 55% shorter than that for the paddy under the identical condition.
For the grain quality, head rice yield of brown rice is refatively reduced with the increased temperature
whilst the whiteness is insignificantly change.
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Drying air temperature (°C) Drying air temperature (°C)

45 55 65 45 55 65
Time (min) 640 360 1865 470 215 101
HRY(%) 54.4 545 37.4 434 37.8 26.6
BRP(%) 14.9 153 318 27.9 34.4 45.3
BP (%) 9.2 9.0 8.92 8.71 9.3 9.1
WH 451 452 453 46.1 48.3 46.7

Remarks:
HRY = Head Rice Yield, BRP = Broken rnice, BP = Bran
Reference HRY= 54 8%
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Abstract

The objective of this work is to quantitatively quantify the performance of heat pum;; dryer,,
principally based on thaory, by using R-134a and R-22 as working fluids. Temperature ranges between 0
and 30°C al the evaporator and between 40 and 70°c at the condenser have been considered as the
operating pérameters. The simufation resuits show that the performance of heat pump in lemms of heating
eflacts, and COP operaling on R-22 are 7.8%, and 1%, respectively, relatively higher than that operating
on R-134a. In addition, the power of the compressor per 1 kW used for generatng heat is less than
approximately 1%. In the experimental pant, bean sprouts, cabbages and bananas wera dried by heat
pump drying operating on R-134a becauss of R-134a has not ozona depletion potential. The by pass air
ratio and the air mass flow rale are 52% and 1839 kg/h, respectively. The experimental resulls were as
follows: the bean sprout of 30 kg was dried from 1630 % 1o 24 % dry basis in 11 hours; the cabbage of
18.6 kg was dried from 1650 % to 18.6 % dry basis in 13 hours and the banana of 72.7 kg was dried from
251 % to 28.7 % dry basis in 42 hours. The maximum values of the drying rate (DR) and the specific
moisture extraction rate (SMER) are 2.53 kg waler evap./h and 1.52 kg waler evap./kWh, respectively,
whereas the lowes! value of the specific energy consumption (SEC}) is 2.37 MJ/kg water evap.

Keyword: drying / heat pump / working fluid
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@17097 1 The properties of working fluid { R-134a and R-22)

Properties HCFCs — 22 HFCs ~ 134a
Chemical Formula CHCIF,
Critical Temperature °c ] 96.2 101.2 _J
Normal Boiling Peint , °C 40.76 262
Critical Pressure , Mpa (abs) 4.99 4.055
FM‘olecuiar Weight , kg/kmol 86.5 102.0
Ozone Oepletion Potential 0.05 0
Global Warming Potential 0.34 027
Atmospheric Lifetime, years 15.8 185
Toxicity Low Low
raammabilit\f None L None

{ Havelsky, 2000 )

 Aue A ODP uas GWP finAuunu CFCs-11

@A131911 2 The experimental results

Description —l Bean sproutl Cabbage Banana
Air flow rate, kg / h 1839 1839 1839
Evaporator by pass air, % 52 52 52
Average moisture before drying, % d.b 1630 1650 251
Average moisture after drying, % d.b 24 18.60 28.7
Initial weight, kg 30 18.60 72,7
Final weight, kg 2.15 1.35 26.2
Moisture removed, kg 27.85 17.25 45.8
Waler condense, Kg 23.15 1478 36.8°
Average temperalure, oC 47 51 53.5
Average compressor work, kW 1.13 -1.05 0.94
Energy consumption, KWh 18.05 20.98 65.09
Drying time, h 11 13 42
Drying rate,,  , kg water evap. / h 2.53 1.33 11
MER,,, . kg water cond. / h 2.1 1.14 0.88
SMER,,, . kg water evap. / kWh 1.52 0.82 0.72
SEC,. . MJ 7 kg water evap. 237 | 4.38 5.00
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@179 3 Comparison between theoretical and experimental resuits

Description Bean sprout Cabbage Banana
Condensing Temperalure, © 52 56 57
Evaporating Temperature, b 19 20 20
PR, (Theory} 249 267 2.73
PR, (Experiment) 2.64 2.83 2.87
COPh, {Theory) 8.1 7.33 7.13
COPh, (Experiment) 4.4 4.0 4.3
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Corn Drying by Two-dimension Spouted Bed Technique
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Abstract

The objeciives of this work are to invesligale the suitable com drying condition for obtaining a
supenor quality and to develop mathematical model. The experimental conditions have been conducted at
initial maisture content of 38% d.b., air inlet temperatures of 13G. 140 and 150°C and hold-ups of com 20,
25 and 30 kg . The experimental result indicates that the iniel temperature and the hold-up of com affect
strongly the remaval of moisture. A Lewis model is the most appropriate for predicting the drying rate. The
com qualities due to stress crack, breakage and colour are depended on the final moisture content of
com. If the moisture content of comn is decreased lower than 22% d.b., the stress crack and the breakage

increase significantly.

Key words: drying / grain / spouted bed



230

1. UNw

msauwhslavmaiasalnfauaraaliivaisssivounmavasudsvualnauazfnruladaniny
fougs r.ﬁaomnmnﬁuqmngﬁvaaa*.{.mm:Qna‘wﬁﬂ'm-ﬁ'ns:u:na'rﬁ‘mf?u 9 faglusuhd wisuiuns
umﬁuadwﬁﬁ‘unuamaom}mﬂﬁﬂﬁmmmauuﬁo'lﬁﬁqmugﬂ50 Iﬂu‘hjﬁﬂﬁnﬁﬂm‘\mﬁumudaqmn'lw
maﬁaqﬁmmmuuﬁo funseuusla3Ei3 sz MUt T AU B R U IHAANETN NI B0

N uRAIIMINTURT

NNAITETENLIRL nauist Inalanmaiesuwidaunassidniiaiuiu dratl plates
Idminesasinrnarizluginens 1elaslauniind aruduwuiucsdaniuanuduaudnsaenism
NINBDIRDIBVUSIANINENUE  ualy LildmsAnsfnummurndinizapunivasudatiilnaludiu
wWodiduamuan  wasituanisty Tuoauda é’axfﬂummﬁé’u{iﬁiﬂqﬂf:aaﬁw‘iamummeauuﬁamé’m
'u"wﬂwmﬁmm:m}ua:ﬁnmﬁaﬂeé’uﬁﬂuaﬁn%wadaqmmw-uaeméﬂﬁﬁﬂwmnﬁommuuﬁaﬁminn'mn
Wafldudmsfy  Wendudmiuen usciesuin wiounawannzuamisadinenaafiioruudam

&IUAITNTU

F P a oo
2. qﬂn‘smm‘maaaaua:msaaua’m

21 qﬂnmimsnaaao
aunsamlFlunammasosauuyeilwelunudsuine (e3ssopwhiri)naniuegaslasiall drafl
plates ANz oTzuVIAIaUER IlUTIR 1

f—— Moo

T I —--—F: 1} v exhaus an
ﬁ

camn Ty
-

/_ coem in

e ot

Deving
Chamby

Deflector

........ e
— Draft ¢hanocl

1 —’—* Downcomer
1

~
3
H
Drafi places
W wadth of spous, w, — B cm

‘J[/ A\ 1 cnorance haght, KB, ~=12.3 em l . e
___H__‘\~

., slant angle
— #lo1 width = 4 cm ‘

ambicnl air

—F
1Y em

|

- 1.7 KW Faan I I
24 MWW
—. Heater - (CDS:I:— -1

i
paa i
: i

I - H L1

i ' .J .~ - - -: ~ .
;an 1 leazunsueIptouwisaudauasasBasiaiudunu (drafl plates)



231

2.2 3nviladatiayaluninaaa
- - - . [ - ”  w
1 Jaamnnianmeaussuiainninalovldmomailuatilseiia K deriinuaisanuyaya (data
L3 -

logger) faunnage & 1°C
A
214 U- tube manometer YA TUAURNATAVIUA

- . . d a e - » ) .
J.ATIHTITAIDINIFIRA IULATIINOIAA I TIRUULLUTIARTIATEU (hot-wire anemometer) ANTIY

aneay + 4% uaz Pitol- tube Janrnuiitaunisluanhduasnindniasan
L] -

4 anmuanina lnalaoday i figmnnl 103°C auBumdueian 72 52l
L' 1

o~ o o [V P -
5in3asiaiinilwe Mnlasiedowisive JUKI JP100P

3. A1SNARDIUATHANITINAR’DY

3.1 panriaai1alneg

NMIN@aBe AL It  HARALTWE LA UUTT I 38% db. pruIIamMeA 17 s USinm
Rold-up 20 usz 30 kg lHgmunniiainiAaniy 150 ua: 170°¢C mrmﬁmcﬁazj-uiwﬂwmﬁ'm'}wﬂaaan
At 9 Waldlunsarssaununituiiu waiidudnmin wefidudmiuen wazfraawia
.wfaurfﬂﬁxd’iumﬁumﬂaﬂ%uﬂ(mﬁ'rmaamﬁm%é'ammuu.vYaﬁunwsauuﬁoﬁwmﬂﬁﬂﬂ'ﬁ'ﬁlmuu-ffu i

amwAIaINIABYUAY 150°C 9INNIATIIRDLAN M IHINuARzA Y lanadedalui

3.1.1 ulasiswaniin

ok TUIRa1s hold-up Gawlaitiudnisinrasniatialvwe lapinimaastounaf hold-
up 20 uas 30 kg qmnqﬁmmﬂauuﬁo 150°C wuin m'sf‘mjaom5mﬁuagﬁumw"guqmﬁﬂuwaaméﬂ o)
uaﬂﬂuzﬂﬁ 2 Tﬂuujai‘iuﬁm‘iﬁwaomﬁmﬁ'uﬁmﬁamm%uf{mﬁwaﬂm uﬂ:Lﬁaﬁaﬁm’ma'yaeqmﬁqﬁ
BIMARUURIRANTIY VOINAR Tﬂmﬁuqmﬂqﬁmn 150°C 1ilu 170°C 1 hold-up 30 kg wuin Laifinaria

. 1 - - 4 & g [ - - -
1HLﬁ)J"Imﬂ'ZTﬂTDENLUﬂﬂLHI.I'Iluﬂﬂ'l"iu'ﬁuﬁ:ﬂﬂ'lutﬂU?ﬂuﬂduﬂﬂdluzﬂﬂ 3

mnmsﬁmimuﬂasr'.‘iudmﬁ“wwaamﬁﬂﬁwﬂwﬂnﬁemmuuﬁqﬁqmuqﬁmmﬂ 150°C  lay
(NaUn mmtﬁmuwnﬁuuLﬁuuﬁumﬂﬁﬂﬂga'lﬂvufuwnom’ﬁwaoaﬁum' (1] ﬁo\ugﬂﬁ 4 WU inaieg
Lﬂmﬁmuc\mh\"ﬁﬂmﬁ"‘n'uaaLuﬁﬂ'ﬁwﬂwﬂgunﬁmss”w'uaam§a1ﬂumﬂﬁﬂﬂ§5'lm-n'5uu‘mﬁm'm%u§m
Mo@pInu Lfian'm'l-n"izu:naﬂum‘sauuﬁamun'ﬁmﬂﬁﬂﬂgﬁ'lmmiulum‘sammm%ulﬁmﬁam'"lﬁu
uazmmﬂuna%‘mmﬁﬂ-fh'ﬂwm%aﬁmmﬁ’:gxaﬂd'ﬁuﬁuudu deflector ﬁaguﬁnmﬁwuuwﬁaamﬂﬂﬁ RIHALH

- w - -
LNANTITIVSIURIALWUUN



232

100
Su
ess 80 -
C}\ra —*— hold-up 30 kg
ok
(% 60 A —©—hold-up 20 kg
W)

40 -

20 A

0

10 15 20 25 30 35 40

Final moisture content (%5 d.b.)

-

[P . - - - & ~ ~ . . -
7N 2 anudguiusTzwiafidudnmsiiusnuweay n3dls hold-up éariu

LY}

- . < » P SR
Egm%{]ummﬂauum 150°C aMmTeIMIRLUUYS 17 mis AUFUIS AN 38% d.b.

80
— ——50°C
Z 60 .
< ——170°C
-4
2 40
(@
L 20 -
o)

0

10 15 20 25 30 35 40

Final moisture content (% d.b.)
- “- o~ ' o« T . - Py - L - - . ~
JUA 3 anudumuiizwineiiduamsiniusieiugaiy ndlFgaunniannmiaauuionianu

- - P
held-up 30 kg ATIUTTOINMREVUMY 17 mfs AUTULITNAU 38% d.b.

60
. —©— fluidization technigue
3
2 40 A —k— spouted bed technique
~
%)
=
o
v 20 1
s
7
0

0 5 10 15 20 25 30 35 40

Final moisture content (% d.b.)

- - - e . - - - £ -
Eﬂ'ﬂ 4 nﬁUULﬂUUﬂ'J‘mﬁuwuﬂ:WJ'NuJan‘nuﬂnw‘ﬂ'muﬂﬂu'nuﬁﬂﬂ’m
\

- v . - - ~ - Y| - -
NIMALLAI IIMAUARI UL AALLA ua:mﬂuﬂﬂga"lmw'ﬂu ﬂthgumnﬁﬂauum 150°C



233

r s Id
312 e niowan1ieen

\HaNIITUINAYEY hold-up @ardafiBudmisuanyaetinlue  innaassauuiafidiune hold-up

- - . - - 4 L rd + -

20 uR: 30 kg oOWMNUDTINIAEUUN 150°C  wuin MIUANTE RURDLAHLYULLDN VT TUTANTLRARY laos

* -
- - - . oW . - F - - - P Ps .

USunos hold-up 20 kg tﬂaﬁ‘uumuﬂnuuuﬂuugam'\mnuaunmquﬂmummnu IR C) (Rl
. . R . - - - Fy o -
@717 22% db. FUuuanIziNuTUes1IINIINn 0.5% wi (U 2% wi AU TUIAMU 16% d.b. @3
uaaaluzdf 5 uszdatiug n Al MARLLRIIN 150°C il 170°C wui wafiduanisuanyasuiass
PN G| I . v e . 51 - - . o -
Lwu'uumaﬂ'nunuqﬂmuaﬂaﬂnamuanum 2 ‘H'quHQU ﬂunqmngua'\mﬁauum 170°C wWangua -
- - S - £ - - .~ - - A = - -
uﬂnuum{uugan’nmnuaunm’m‘nuqﬂmmﬂmnu muamluzﬂn 6 Tanalunidi hold-up 20 kg UxNTMH

- - .~ - - . a v o - ~ ‘
'l'ﬂamunummﬁauum 170°C uaﬂﬂmsauumiwnn QdﬁdHﬁlMLﬂﬂﬂ'\ﬂlﬂﬂ'ﬂENI.LIRGIYHJH']?TI’)EJUﬂElu
! u v
. - &
URTWLYY

S
< 4 —¢—hold-up 30 kg
s 3- —O— hold-up 20 kg
&0
g 2
(3]
3
2

0 .

10 20 30 40

Final moisture content (% d.b.)

- - e . - - & .~ - , -
N5 Anudvut v ihslsidudmuaniva My uaary nsalE hold-up @1aiu

- -~ - “ I
qmnqummﬂauum 150°C FNULTIAINIAIVUNY 17 mfs URETAUTULTUAW 38% d.b.

3

Breakage (% wt)

10 20 30 40
Final moisture content (% d.b.)
P v e . - r .- & - - - -
3Un 6 AnusuwutzwivwafidudmiwannuaMuduearioraswiat o ne nsdlsaomni
\ T Y

DAMABUURIAIINU hold-up 30 kg ATUTIZIMABLURI 17 mis uR=A ML IWINeY 38% d b,



234

3.1.3 Avaswarnanuaadina

mnmsmwaauﬁmaom56\'171ﬂWﬂﬁmumiauuﬁamn-qmﬂ?aﬁﬂﬁmms lapHv sy dianu
Fiuvanuietnalue (L value) 618Ua0 (a value) URsANFKIMADY (b value) WU 1Ha¥nmIauuwIdaw
(madiamFauaRUSI0 hold-up 30 uWa: 20 kg fINURIIT DU FARAGIMLNITANRITINI DU
'11m:"r'iehu%m'éaauﬂ:umnﬁufméniamﬁamm-fuqmﬁmw‘hn'h 20% d.b. laufi hold-up 20 kg =i

. - - - o P a
mma'noae‘mcua:ummmalwu'uugonﬂ muam'lugﬂﬂ 7039

65
60 1
-O.)
=
g 55
: ®* " hold-up 30 kg
—©""hold-up 20 kg
sov e L Ref
45
10 20 30 40

Final moisture content (% d.b.)

P - e . . . . A ~ « o o
TUN 7 AURUWUBIIRNIAAIMETR (L value) NUATILTUAANTILTDIURETVILWG
- 4

N3 hold-up f9efiu anmniioniaauLa 150°C

16
~~* " hold-up 30 kg

14 —O— hold-up 20 ke
v 12
3
g
© 10 1

;|

6

10 15 20 25 30 35 40

Final moisture content (% d.b.)

< o L= , .« x . .
TR 8 ANUEMUTTENIANELAY (a vaiue) numw‘nuqﬂmU'uaomaﬂ-mﬂwa
~

3T hold-up @19 FMNTINABUURI 150 C



235

43

40 -
v 351
=
g —e— hold-up 30 kg
= .

30 —0— hold-up 20 kg

""" b Ref
25 1
20
10 15 20 23 30 35 40

Final moisture content (% d.b.)

- - [ . . - a Ve ~ - .
JUn g ATMURNWNETzRTNARR (b value) numm'nuqﬂmumaamammﬂwm

N1l hold-up A9 amwpdainiAauudy 150°C

Lﬂaﬁmim‘mawaaqmwgﬁmmﬂauuﬁwia?maaméﬂﬁwﬂwm ﬁauamluzﬂﬁ 10 83 12 wun D
qquﬁxﬁuawn 150 u 170°C mmmeﬂ'w'ﬂaamﬁwﬁ’niwmamaoadwimamﬁamm%uqﬂﬁwuaﬂm
U ALnIusTinaaa iy Imuﬁuuﬂﬁu'{neﬁﬁuoﬁuﬁaﬁaaqmv.nui] Luﬁmﬁ’lﬂwmﬁ'auuﬁaﬁwqmu{}ﬁ
170°C &adnin

fudadlnalunaniidifsufunoesinassiwees Hunter fip fanuain (L) ldnasdandn

47.7 dr@ums (a) Warigondn 9.7 wazar@inias (o) Wariendt 23.5

65

60

50 1

10 15 20 25 30 35 40
Final motsture content (%d.b.)

i [V . ' ' a £ - - o
7UA 10 AnuduARTTIAMANMREIN (L value) nuaNuTRgartwrosmdati g

n3c1F0 uvunTaInAaUWAIFIINY URS hold-up 30 kg



236

16

pu—
Y
L

10 [ 20 25 30 35 40
Final moisnure content (% d.b.)

ol — e . .- " s - -
Eﬂﬂ 11 "ANMURUHUTTIAIAALGD (3 Value) nUﬂ’)'m'H\lEIGm‘]U‘UENI.:JRG]']J'I'JIWG]

nidldaamniaimeoueannaii uaz hold-up 30 kg

45

40
v 35
E —e— 150 °C !
2 3094 —e— |70 °C

------ b Ref
25
20

10 15 20 25 30 35 40
Final moisture content (%d.b.)

- - e . , - oa ~ 4 . o
un 12 AMUANWUTT=W IR AARDY (b value) numwmuqﬂmwaamamm'ﬂwﬂ

mrﬁl'ﬁ'qmmaﬁmmﬂauuﬁqmaﬁu uaz hold-up 30 kg

3.2 M IMMARNIANBENEHATIRIBATY § RoAITALUNG
Mnnasasfnsaninavaspmnniuszliinm hold-up ANwamsauueinalne  Aanznis
nﬂaaoqmuqﬁmmﬂauuﬁq 130, 140 urz 150°C. hotd-up 20, 25 uaz 30 kg AT WI U T o 38%
db. auImeAnuuia 17 mfs URINARDIANHIENTWRVBINNTIDIMARDNTALUWAY  launiinnT
NARDIRAMIZ ATUTWTuAw =i 38% dib, qmugﬁamlﬁa 130°C amudraninouus 17, 19 uas

21 mvs, hold-up 30 kg



237

- . - o o
IANTINAaIANEILARENTAIANAAIT
3.21 ﬁn%wauaoqamgﬁmmﬁauuﬁadaé'aﬂzhumwm

; - . e . x _ .
Un 13 uamuﬁumﬁuuua'ﬂaaamvmua'\mﬂauumﬂaamﬂmum'lwnmjaamamm‘ﬂwﬂ WU
u 1 A
i X . o
PR - v _ - - v - - o
Luawmim’ms:u:naﬂun’nauumua- hoid-up {AuINK NTUAUULAIMI UKL 1507 C ATUHTUYDILUAATN

. - . - ° P Jd Y T | .
Twm:aﬂaamnn'ﬂnimauumna‘mﬂqu 130 uaz 140 C w.a:nnmuathgugwuauﬂ‘i-aﬂﬁmmw*s

- & . M P 3 - - - [U
auTunEatna tnazasiiu m'lwﬁmar}ammaauflmnmulmuaﬂmumﬂmswu
h'l

o
1.0 Jﬁua
’ a8
= 0.8 ] ﬁ'g’
[id
2 g ’
= A
;_95 0.6 7 Qu’
23 +130°C g,
g u] e R +
S 04 1 40 g o *
= 8150°C Aj
0.2
0 10 20 30 40

Drying time {(minure)
5 N .- . ™ - o - -
Eﬂﬂ 13 ﬂ"J'IlJE{UW‘L&‘ETZ‘H'J’NBG]T'IH'}NHTHJ'H'\J.HU'S:UZL')R"l.'luﬂ"lTiJULlH\] mml'na‘mm‘]ummﬁauum

. . 4 a . - "
$139NU hold-up 30 kg AMUBTULINGN 38% db. URZAMULTIBINIABUUWY 17 Vs

3.2.2 dndwavoadIuam hold-up ADDRINIAIMAIIHTR
IINNTINAA 8N hold-up 3 AIFD 20, 25 WAz 30 kg WU AUTINM hold-up 20 kg TINITOAD
& oo ~ - o - . - . w s -
mm'nu'lmmnqﬂ mluzﬂn 14 masninndiunm holdup ¢ wwast M lwaldtianlunisinfauaily
- . - . - o, - - . r .
downcomer Waunin (cycle time AaUN71) vialivautounurirlwissaianatoassliutiarzozniailu

v a - A4 v . [ . & L=
NITaLULHIADINU 'nw:‘lmumimummwmaua’ma’m‘mauxmma’mﬂnm‘l T hold-up Q’O



238

0 B
= Lo e,
= O
Z oA
o + D p
© 087 ¢ A
- ‘Dq:) A
: Sy
o 067 A
S a g a
o * 20 kg ¢ o A
= 0.4 7 * . A
Kz U 25kg + 0 O A
s A30 kg -
0.2
0 10 20 30 40

Drying time (minute)
o “ v . ~ . P S - -t . -
3UA 14 anudrdusiznindansvanuiuiuszozoalunisauuds nsdild hold-up dnafu

- - P S -
E‘JNMI"‘I}JD"IH'}P-DULL‘V‘-J 150°¢C aBvUIsIOR 38% d.b. AMULTIEINTF 17 mUs

- - < ¢ e . -
3.23 D?’l'ﬁﬁﬂﬂ')'\”k'ﬁ'}aﬁﬂ'\ﬂDutlﬁdﬂﬂaﬂf'lﬁ']uﬂ'rluﬁ%
- - B - - - g . - .o .
muamlugﬂn 15 Wy mmJauuuﬂmmmmmmﬂngwulwmo 17-21 mis Dualutalauda
- . & - - - o -
DATIEIUATINIU BrALilaanetn ms"lv\amoagmmﬂu'uﬂuanum;'uaa Pneurnatic Conveyor TaNTTIN

- A - a e E - . < - - ~  a ~ . 4
ANULTIDINIAVUDNLRNUDL %\1111UHRG\i]ﬂ"ﬁﬁﬂﬂ']'luﬂu’]'ﬂad'ﬂu‘r\li{HU’NﬂH?L:JRﬂW'ﬁ LRTO@TIRIUATIILTU

1.0
£ Beqy
S 0.8 ro
s o
5 0.6 4 ¢
g "hga
o B 17/ g
5 041 C1oms gog.ﬁL
'g O21 mys
=

0.2

0 10 20 30 40

Drying time (minute}

- - o . - . P - -t - . -
1N 15 AnuFunusTIwindanmuaaduivizoznanlunseut nitildanuiiaimadienu

- -~ [ S
soMnIaInNIABLLR? 130°C AMUTWTNGAU 38% d.b. URE hold-up 30 kg

3.2.4 DVINGHMIRLLITRDIMNIATLAANERT

- - & - A -
AINHAMTNABDIDLUV I FAT I wanamIz anuTwdulTuim 38% db. R AT 0.55,

0.65 uaz 0.75 m 3MMADDIMATUURI 130, 140 UR: 150°C wRzAMIIIMIBALLYS 17 s anlE



239

-, P . Fa - £~ N e
U TRAW LU R MInfaman ftia i odamamanutn (MR) TasdursdtuupsTzozafildn
- . - - o N . -
N1TAUUYS (L, minute) SNMRNLBIMADUURY (T, “C) ua: AUFUDA {H,. m) mn'rmmu‘m'\naun”t:au
uﬁdﬁanquﬁ 3 RUMT Aa KUNITEDY Page (3], Lewis [4] ua: Wang and Singh [5] WU &YNITNY 3
) -~ - - - |
NIt E s noua i islnfidveiuuaccaaadasiunamImaany aurasluan 16 Tauluanu
X . . X . . p -
s Sptuamualiidanldaums Lewis aldlummitmsdandmuamuiwuiatnilxe  Haannddmwam

~ ~ . . U
feaflugumaRoaandor nzAumahiulzundls lausunts Lewis fjuyvasil

MR = exp(-kt)

\Ha k= 0.0001835T - 0.05007H,+ 0.03490
lauf R’ = 0.9908, ASPE =4.183E4

1.0
c
.2
g 081
e
&=
Z
g 061
= 4 Experimental
g — -+ — Page
2 047 ———Lewis
p) .
= = % - - Wang and Singh
02 !

Y 5 10 15 20 25 30

Drying time (minute)

- - . . P - . - . -
Eljﬂ 16 WU UUIATIEIUATINTRAUIZLTUIRN0TOULAY 1:u11on1ma1nltuuamaanuuan’ﬁ'nmaad

figamnniainiaauu 130°C, hold-up 20 kg ATIAINA 17 /s AUTWINGL 38% d.b.

4, &4

NNITNARSIANBINTIDULKULAATII RO LG AR AU NA U RO DA TR DA U AUL AT W R

- . ~- . a - [P
sumMmuatanieaifmiviTwndaTmnTauuie mdean maaaslansit

LisdodApfidinadadannmisuuiatnlnaadetaauiosnnniaininauuauazyiuim

hold-up

- - v - -
2.ﬂ‘mmsm‘mﬂauqnm1wmamnﬂwﬂv|aammuumnqru.vnqu 150 upz 170°C, hold-up 20 uR:
. v e . - & . d - . .
30 kg wumM ﬂ‘ﬂ’iuﬂﬁnﬂﬂ'dHﬁﬂﬂf}&ﬂ’]ﬂﬂﬂﬂ??ﬂ'ﬂuf‘!ﬂﬂ’lu VOENIUANUDINIAAULRIURE hold-up BIHA

nizrulEniay

A -~ - - | -- . - —— - ¥
3.'lummuummamnﬂwmqquugemw 170°C  wTzesmlvFranwAandireuan  uas

&z - . . s ) - Y + - A
ﬂ'TllJ'ﬂu{!'ﬂﬂ'IU‘lUﬂ'}'fﬂ'lﬂ'J'l 22% d.b. tuaoﬁnna:ﬁ’ﬂ.vsmamnﬂmm‘:ua:mmﬂmwwumn



