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DRYING OF PADDY USING RICE HUSK AS AN ADSORPTION MEDIUM
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ABSTRACT

This research is to study paddy drying using rice husk as an adsorbent
medium. The effects of the volumetric mixing ratio between rice husk and paddy,
temperature and initial moisture content of rice husk on the adsorption time and final
moisture contents of paddy were determined. The experiments were conducted in the
closed insulated plastic vessels to dry 33%d.b. paddy by using rice husk at the
volumetric mixing ratios of 0.8:1, 1.5:1, and 2.0:1; corresponding to mass ratios of
0.14:1, 0.26:1, and 0.34:1, and the initial rice husk temperatures of 33, 45, 60, and
90°C; corresponding to moisture contents of 11.5, 5.0, 2.5 and 0.8% d.b., respectively.
The experimental results showed that rice husk with low moisture content faster
desorption rate of paddy moisture content than that with high moisture content. This is
because of high moisture gradient between paddy and rice husk with low moisture
content. The high mixing ratio resulted in the faster desorption rate of paddy moisture
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content than the low on. Initial temperatures of rice husk and the mixing ratios
between rice husk and paddy have no effect on head rice yield and whiteness of
paddy.
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FRUIT AND HERB DRYING USING COMBINED TECHNIQUES OF HEAT
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ABSTRACT

Combined techniques between heat pump and far-infrared (FIR) radiation was
used to dry fruit and herb in this study. Sliced papaya, galingale and lemongrass were
dried in this combined-technique dryer in order to investigate its performance and
energy consumption. Color of these products dried by this dryer at drying temperature
of 55°C and controlled temperature for FIR operation of 45°C was also investigated.
The experimental results showed that the FIR-heat pump dryer can reduce drying time
for high moisture products and to distribute products' moisture contents uniformly
during drying process in the chamber. Color quality of the products dried by this
combined dryer was in a good condition. Drying sliced papaya with an initial moisture
content of 2,300 %db gave the maximum drying time reduction of 30%, specific
energy consumption reduction of 3% and coefficient of performance of about 3.56.
Economical comparison between FIR-heat pump dryer and heat pump dryer in case of
using sliced papaya as a drying product showed that FIR-heat pump dryer has faster
rate of return than that of heat pump dryer, approximately two months.
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a1 1 agilnamsnaassoundawa tilias g ng

Test Drying.
Description wraznaidu 2 avlnd
HP HP&FIR| HP HP&FIR HP HP&FIR
Condition of product
Average moisture before drying (%d.b.) 2,300 2,300 1,300 £,300 900 900
Average moisture after drying (%d.b.) 39.8 3R8.7 15.1 16.8 10.3 9.6
Initial weight (kg) 192 192 12 12 21 21
Final weight (kg} 1.052 1.02 1.004 1.092 2.522 2458
Moisture removed (kg) 18.15 18.18 11.00 10.91 18.48 18.54
Drying air conditions
Average temperature (OC) 55 55 55 55 35 35
Set point temperature of infrared (DC) - 45 ; 45 - 45
Evaporalor by-pass air (%) 55 55 55 55 55 55
Energy consumption of infrared (kWh) - 6 - 6.4 - 7.8
Energy consumption of heat pump dryer (kWh) 255 18.8 26.1 21.8 29.1 24
Total energy consuroption(kWh) 25.5 248 26.1 28.2 29.1 31.8
Drying time (h) 13 9 13 11 15 12
Performance of heat pump dryer
drying rate (kg water evap. / h) 1.40 2.02 0.85 0.99 123 1.55
MER (kg water cond. / h) 1.39 2.00 0.84 0.99 122 1.53
SMER (kg water evap. / kWh) 0.71 0.73 0.42 0.39 0.63 0.58
SEC (MJ / kg water evap.) 5.06 4.91 8.54 931 5.67 6.17
COP,, ..o 320 | 3s6 | 338 | 34 | 324 | 267
COop,, 399 434 3.67 3.83 4.04 426

4
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Abstract

This research presents the effect of temperature and moisture to effective
diffusion coefficient, kinetics of urease inactivation, protein solubility and lysine
quality of soybean drying with superheated steam fluidization technique. The
experiments were carried at superheated steam temperature 120-150°C and initial

* Corresponding author. Tel.: (02)-5212295
E-mail address: paveena_prachayawasin@hotmail.com
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moisture content 13.5-36% dry basis. The result showed that the drying rate was
exponentially increased with superheated steam temperature and it was inter-prctefd by
the effective diffusion coefficient. In addition, the drying rate is also faster with higher
initial moisture content. During soybean drying at high temperature, the activity of
urease enzyme was inactivated and its inactivation was explained modified first order
reaction of which the reaction constant is related superheated steam temperature and
the initial moisture content in away that the higher rate of inactivation followed with
higher temperature and initial moisture content. The kinetics of urease inactivation,
along with protein solubility and lysine content, suggest that the soybean should be
treated with superheated steam at the temperature ranging from 120 to 135°C. The
superheated steam fluidized-bed technique can simultaneously be applied for both
drying and inactivating such components in soybean by a single operation when the
initial moisture content falls in a suitable range, approximately lower than 20%d.b. At
elevated initial moisture content, two-stage drying technique is recommended in order
to avoid excessive cooked soyheans.
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ABSTRACT

The objective of this research is to study the influences of drying temperatures
and air velocities on the drying rate and the parlic qualities. The experimental results
for peel clove garlic drying have shown that the decrease of moisture content could be
divided into two falling rate periods. In the first falling rate period, the drying rate
increased with the increase of drying temperature and air velocity, For the second
falling rate period, the drying rate was limited by diffusion mechanisms and the
diffusion coefficient depended solely on the temperature. Garlic structure changed
when it exposed to hot air. Higher temperature caused larger pores inside the garlic
tissues. Color of garlic was generally varied with drying temperature. The higher
temperature resulted in the lower L value. However, a and b values were slightly
different for the range of drying temperatures studied (50-70°C). The experimental
results indicated that loss of volatile o1l was larger for garlic dried at low temperature
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than that dried at high temperature. Moreover, air velocity had no significant effect on
garlic qualities.
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ABSTRACT This research is to study the drying for parboiling aromatic rice using superheated steam
fluidized bed drying. The effects of soaking times and drying times on the head rice yield, color, white
belly, cooking quality and gelatinization are considered. In the experiments, paddy with initial moisture
content of 15.7% d.b. was soaked by hot water at temperature of 80°C for 0.5-3 hours. Next, paddy was
dried at 150°C for 0.5-7 minutes at superheated steam velocity of 3.0 m/s and bed height of 10 cm.
Experimental results found that the soaking time of 3 hour and drying time of 2 minutes provide
considerable increase in head rice yields which the maximum value of 67.9%. Moreover, whiteness are the
good criteria; however, it will be reduced with increase in soaking and drying time. White belly of all
condilion are increased more than rice reference. Besides, the gelatinization analysis by DSC, paddy with

soaking time of 3 hours and drying 2 minutes appears to have the gelatinization more than the one with
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soaking time of 2 hours and drying 2 minutes {Degree of gelatinization of 88.5 and 78% for soaking time

of 3 and 2 hours respectively).
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Abstract

This research was theoretically studied on the water transport in a 2-D pore network
by considering the influence of throat distribution on drying rate under unsteady state
condition. The moisture movement within network of pores is presumably followed
with Fick’s law of diffusion. The simulations have shown that the moisture movement
within network of pores randomly distributed according to probability density
functions i.e. uniform and normal distributions becomes different which can be
interpreted by the average moisture content. A 2-D representation of network
composition gradients in spaces has been developed using grey-scale colour to
represent pore moisture content.In addition to pore size distribution, the geometrically
arranged pore network shows some effect in which the spiral inward structure shows
the higher potential capability of removing water from the network, comparing to
either random or spiral outward structures.
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ABSTRACT

The objectives of this work were to design, constructed, and tested the
performance of optimal heat pump dryer. To achieve these purposes, the mathematical
model of heat pump dryer was developed and implemented in the optimization
program. The optimum conditions were determined using search method. It was found
that the differences of drying air temperature and sample moisture contents of each
tier are insignificant. Furthermore, it is revealed from experimental results that the
final moisture content of sample remarkably affects the beat pump dryer performance.
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#15719%1 1. The experimental results of cloth drying

Cloth ‘]
Description

Exp.1 Exp.2 Exp.3 Exp.4 Exp.5
Air flow rate, kg /b 1620 1620 1620 1620 1620
Evaporator by pass air, % 67 67 67 67 67
Average moisture before drying, % d.b 169 171 212 218 119
Average moisture after drying, % d.b 56 6.9 i3 175 18.1
Initial weight, kg 50.2 50.7 583 59.5 40.6
Final weight, kg 19.8 20.0 211 220 21.9
Average temperature, C 547 554 55.6 553 55.2
Average power consumption, kW 315 3.16 3.16 3.17 317
Energy consumption, kWh 22.05 22.1 221 19.0 9.5
Drying time, h 7 7 7 6 3
Drying rate_ , kg water evap. / h 434 4.3% 5.31 6.25 6.23
SMER, . kg water evap. / kWh 1.38 1.39 1.68 1.79 1.97
SEC“; , M1/ kg waler evap. 2.61 2.59 2.14 2.01 1.83
COP, 4.40 4.38 433 4.45 4.4 IJ

( Exp. = Experiment)
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zﬂﬁ 1. Diagram of a heat pump dryer. (CV = Control volume)
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Eﬂﬁ 3. The relationships between temperature and drying time for experiment 4.

(M,=218%db)

OU

&

5

&

g

= 35}

& 104 ——Til —m—Tid —x—Ti7 ——Til0
254 ---e---Tol -..m.-Tod ---a---To7 ---%---Tol0
20 T L T T T T

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Drying time, h

;ﬂﬁ 4. The relationships between temperature and drying time for experiment 3.
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;‘ﬂﬁ 5. Moisture content distribution of each tray for experiment 4.
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iﬂﬁ 6. Moisture content distribution of each tray for experiment 5.

(M, =119 % d.b.).
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Equilibrium Moisture Content and Drying Kinetics of Mulberry leaves
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Abstract

Drying characteristics of mulberry (Moraceae) leaves including equilibrium
moisture content and thin layer drying was investigated. Two varieties of mulberry
namely Nakhonratchasima 60 and Burirum 60 were studied. Equilibrium moisture
content at temperature between 45-65°C and relative humidities 10-90% was
determined. The result found that equilibrium moisture contents decreased with the
temperature and increased with the relative humidity. Halsey’s equation that provided
best fit was used to represent the experimental data for both varieties of mulberry. The
thin layer drying experiments were conducted with a constant air velocity of 0.35 m/s
at 40, 60 and 80 °C. It was found the same result for both varieties that the drying rate
increased with the temperature and the Page’s equation was suitable for predicting the
drying rate of mulberry leaves.
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AUMIARILALY04 Henderson RH =1-exp (—A x(T+C)x(M,)* J (1)

aumsdailadues Chung-Plost RH = exp(— AC cxp(—B xM, )j (2)

. explA+ BxT
aumsaaiilaeuee Halsey RH =exp| - p( = ) (3)
(M,)
o A+BxT
aumsAaUdnIved Oswin M,=— (4)
: 1
— -1
RH
AUNMT Guggenheim-Anderson-deBoer (GAB) '
AxBxCxRH
M, = (5)
(t-BxRH)(1-BxRH +BxCxRH)
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TFUNMINING YL (Semi Theoretical Equation)
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COMPARATIVE ASSESSMENT OF R134a,
R407C, AND R410A AS ALTERNATIVES TO R22

U. Teeboonma®’ and S. Soponronnarit®

! Deparment of Mechanical Engineering, Faculty of Engineering
Ubon Ratchathani University, Ubonrachathani province, 34190, Thailand
’School of Energy and Materials, King Mongkut’s University of Technology Thonburi
Suksawat 48 Rd, Bangkok 10140, Thailand

ABSTRACT

R22, R134a, R407C, and R410A are chosen to comparatively study their
thermodynamic performances, focusing on saturated pressure, pressure ratio,
refrigerating effect, specific compressor displacement, and coefficient of performance
of heat pump. R134a, R407C, and R410A are alternatives to R22 for using in the air
conditioners and heat pump dryer. The study conditions were as follows: evaporator
outlet temperatures ranging from 0 to 20°C and condensing or dew point temperatures
ranging from 45 to 60°C.

The results revealed that R407C is a suitable refrigerant for replacing R22,
This is due to its saturated pressure, refrigerating effect, and specific compressor
displacement are the closest to those for R22. Although R410A has a potential to
replace R22, its saturated pressure is rather high. As a resuft of high-saturated
pressure, some components of former heat pump cannot be applied with R410A such
as solenoid valve and expansion valve.

KEYWORDS: Refrigerants, Thermodynamic performance

INTRODUCTION

R22 has been widely used as a working fluid in both air conditioning and heat pump
applications, It is non-flammable and non-toxic refrigerant. However, the Ozone
depletion potential (ODP) and Global warming potential (GWP) of R22 are 0.05 and
0.35, respectively, with respect to R11 [1]. The chlorine contained in HCECs is
believed to be the major factor causing the ozone-layer depletion. As a result of this,
Gradual phase-out of hydrochlofluorocarbons (HCFCs), including R22, has been
decided at the Montreal Protocol and this will be done by 2030 in developed countries
and 2040 in developing countries. Therefore, searching for alternatives to R22 is an
important area of research.

In this study, R22, R134a, R407C, and R410A are selected to study their
thermodynamic performances, focusing on saturated pressure, pressure ratio,
refrigerating effect, specific compressor displacement, and coefficient of performance
of heat pump. R22 and R134a are the pure refrigerants whilst R407C and R410A are
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the zeotropic and near azeotropic mixture refrigerant, respectively. R407C consists of
23% of R32, 25% of R125, and 52% of R134a in which its temperature glide is around
6°C. R410A, temperature glide of 0.1°C, comprises 50% of R32 and 50% of R125 [2).

MATERIALS AND METHODS

The thermodynamic performances of R134a, R407C, and R410A are
theoretically compared to that of R22. To simplify the problem, the following
assumptions are applied:

1. Pressure drop in refrigerant pipe is negligible.

2. Compression process is assumed to be isentropic

3. Expansion process is assumed to be isenthalpic.

4. The refrigerant at outlet evaporator and condenser are saturated vapor and

liquid, respectively.

Based on above-mentioned assumptions, the vapor compression cycle used in
this study can be illustrated in Fig. 1. The study conditions are as the followings:

1. Evaporator outlet temperatures range from 0 to 20°C.

2. Condensing or dew point temperatures range from 45 to 60°C

The criteria used for evaluating the heat pump operating on various
refrigerants are saturated pressure (Pg,), pressure ratio (PR), refrigerating effect (RE),
specific compressor displacement (SCD), and coefficient of performance of heat pump
(COPy). These parameters are defined as the following equations.

P

PR=— (1)
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Where Peo = condensing pressure, kPa
Pe, = evaporating pressure, kPa
h, = enthalpy at outlet evaporator, kJ/kg
h, = enthalpy at inlet condenser, kJ/kg
h; = enthalpy at cutlet condenser, kl/kg
hy = enthalpy at inlet evaporator, kl/kg
v = specific volume at inlet compressor, m’/kg
RESULTS AND DISCUSSION

In the following sections, the results of the performance evaluation and
analysis of some of the alternatives to R22 are presented and discussed. The study
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conditions are an evaporator outlet temperature varied between 0 and 20°C, and
condensing or dew point temperature varied from 45 to 60°C.

Saturated Pressure

Fig. 2 presents the relationships between the saturated pressure and
temperature of each working fluid in which the temperatures range from 0 to 20°C. At
these conditions, the saturated pressures for R410A. are the highest whilst the saturated
pressures of R134a are the lowest, compared to the other working fluids. At 0°C, the
saturated pressures for R134a, R407C, and R22 are lower than that for R410A by 172,
73, and 60%, respectively. Under the temperature of 20°C, the saturated pressures for
R134a, R407C, and R22 are lower than that for R410A by 152, 63, and 58%,
respectively. As can be seen in Fig. 2, the saturated pressures for R407C are slightly
lower than that of R22. It is worth to mention that the saturated pressure of all
refrigerants increases with the increasing of temperature.

The saturated pressures of various refrigerants at the temperatures ranging
from 45 to 60°C are shown in Fig. 3. It is obviously observed that the saturated
pressures for R407C are almost equal to those for R22. At these conditions, the
saturated pressures for R410A are still the highest whilst the saturated pressures for
R134a are also the lowest when compared to the other working fluids. At the
temperature of 45°C, the saturated pressures for R134a, R407C, and R22 are lower
than that for R410A by 134, 55, and 57%, respectively. Under the temperature of
60°C, the saturated pressures for R134a, R407C, and R22 are lower than that for
R410A by 128, 52, and 58%, respectively.

It is evident from Fig. 2 and 3 that the saturated pressure for R407C is the
closest to that for R22.

Pressure Ratio

Fig. 4 illustrates the relationships between the pressure ratio and an evaporator
outlet temperature of various working fluids at the condensing or dew point
temperature of 45°C. It is clearly seen from Fig. 4 that the pressure ratios for all
warking fluids decrease as the increasing of temperature at outlet evaporator. The
pressure ratios for R22, R407C, and R410A at evaporator outlet temperature of 0°C
are lower than that for R134a by 14, 4, and 16%, respectively. At an evaporator outlet
temperature of 20°C, the pressure ratios for R22, R407C, and R410A are lower than
that for R134a by 6.8, 1.9, and 7.4%, respectively. The pressure ratios for R407C are
slightty lower than those for R134a whilst the pressure ratio for R410A is the closest
to that for R22, especially at high evaporator outlet temperature.

Fig. 5 shows the relationships between the pressure ratio and evaporator outlet
temperature of various working fluids at the condensing or dew point temperature of
53°C. The trends of the result are similar to previous case as discussed earlier in Fig.
4. 1t should be emphasized here that the pressure ratio for R410A is the closest to that
for R22 within the same condition. This result is similar to the preliminary studies
[3,4]. The pressure ratio for R134a and R410A is the highest and the lowest,
respectively. Under the same evaporator outlet temperature, the pressure ratio for all
refrigerants increases with the increasing of condensing or dew point temperature,
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This is because of the fact that the saturated pressure depends remarkably on the
temperature.

Refrigerating Effect

Fig. 6 is a plot of refrigerating effect against evaporator outlet temperature for
condensing or dew point temperature of 45°C. It is revealed from Fig. 6 that the
refrigerating effect for R407C is the closest to that for R22. The refrigerating effect for
R407C and R22 are almost identical at lower evaporator outlet temperature, whereas
the refrigerating effect for R407C is slightly higher when an evaporator outlet
temperature is higher than 10°C. This result confirms the previous results [3,4,5,6,7,8].
At an evaporator outlet temperature of 0°C, the refrigerating effects for R134a and
R410A are lower than that for R22 and R407C by 10 and 1.8%, respectively. For the
condition of 20°C, the refrigerating effects for R22, R134a, and R410A are lower than
that for R407C by 1.3, 7.9 and 4.4%, respectively. It should be emphasized here that
the refrigerating effect for all working fluids increases with increasing of an
evaporator outlet temperature. Based on this study, the refrigerating effect is linearly
proportional to an evaporator outlet temperature. As can be seen from Fig. 6, the
refrigerating effect for R134a is the lowest whilst the increasing rate of refrigerating
effect for R410A is the highest when an evaporator outlet temperature increases. This
conclusion is similar to preliminary study [9].

Fig. 7 shows the relationships between the refrigerating effect and an
evaporator outlet temperature for condensing or dew point temperature of 53°C. The
trends of the results are slightly different from the previous case, in particular for R22
and R407C. The refrigerating effects for all refrigerants are still increasing when an
evaporator outlet temperature increases. In addition, the refrigerating effect for R407C
is the closest to that for R22 and the refrigerating effect for R134a is the lowest when
compared to the other working fluids. It is obvious from Figs. 6-7 that the refrigerating
effect for R22 is slightly higher than that for R407C when the condensing or dew
point temperature increases. The refrigerating effect for R134a is slightly higher than
that for R410A when the condensing or dew point temperature increases, especially
for higher evaporator outlet temperature. It can be explained by the fact that the
increasing rate of refrigerating effect for R410A is lower than that for R134a. For an
identical evaporator outlet temperature, the refrigerating effect decreases when the
condensing or dew point temperature increases.

Specific Compressor Displacement

Fig. 8 presents the relationships between the specific compressor displacement
and an evaporator outlet temperature at the condensing or dew point temperature of
45°C. The specific compressor displacements for all refrigerants decrease when an
evaporator outlet temperature increases. This is due to the specific volume of the
refrigerant increases with the increasing of evaporator outlet temperature. On the other
hand, the density of the refrigerant decreases when the temperature increases. As can
be seen in Fig. 8, it is obvious that the specific compressor disptacement for R134a
and R410A are the highest and lowest, respectively. Additionally, it should be noted
that the specific compressor displacement for R407C is the closest to that for R22.
Considering at an evaporator outlet temperature of 0°C, specific compressor
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displacements for R410A, R407C, and R22 are lower than that for R134a by 129, 51,
and 62%, respectively. In the case of an evaporator outlet temperature of 20°C,
specific compressor displacements for R410A, R407C, and R22 are lower than that for
R134a by 110, 46, and 47%, respectively.

Fig. 9 illustrates the relationships between the specific compressor
displacement and an evaporator outlet temperature at the condensing or dew point
temperature of 53°C. The similar result to the earlier case is achieved. It is important
to point out from Figs. 8-9 that at the constant condensing or dew point temperature
the specific compressor displacement for all refrigerants decreases with increasing an
evaporator outlet temperature. At an identical evaporator outlet temperature, the
specific compressor displacement for all refrigerants increases when the condensing or
dew point temperature increases. It can also be concluded that the specific compressor
displacement for R407C is the closest to that for R22, corresponding to previous work

[3].
Coefficient of Performance of Heat Pump

Fig. 10 presents the relationships between the coefficient of performance of
heat pump and an evaporator outlet temperature at the condensing or dew point
temperature of 45°C. It can be seen from the Fig. 10 that the coefficient of
performance of heat pump increases with increasing an evaporator outlet temperature.
For an identical conditions, the coefficient of performance of heat pump for R134a is
the closest to that for R22 whilst the coefficient of performance of heat pump for
R407C is slightly lower than that for R22. It is interesting to note that the coefficient
of performance of heat pump for R410A is the lowest. For the condition of an
evaporator outlet temperature of 0°C, the coefficient of performance of heat pump for
R134a, R407C, and R410A are lower than that for R22 by 0.7, 2.8, and 7.5%,
respectively. At an evaporator outlet temperature of 20°C, the coefficient of
performance of heat pump for R407C and R410A are lower than that for R22 by 3.1
and 6.5%, respectively, whilst the coefficient of performance of heat pump for R134a
and R22 are almost the same.

Fig. 11 is the plot of the coefficient of performance of heat pump against an
evaporator outlet temperature for condensing or dew point temperature of 53°C. The
trends of the results are similar to the previous case.

It should be remarked from Figs. 10-11 that the ceefficient of performance of
heat pump for all refrigerants, based on constant condensing or dew point temperature,
increases with increasing evaporator outlet temperature. At the same evaporator outlet
temperature, the coefficient of performance of heat pump for all working fluids
decreases when the condensing or dew point temperature increases. It should also be
noted that the coefficient of performance of heat pump for R134a is the closest to that
for R22. The simtlar result is revealed by several researchers [3,4,8,9].

CONCLUSIONS

The results clearly showed that R407C is a suitable refrigerant for replacing
R22 because its saturated pressure, refrigerating effect, compressor work, and specific
compressor displacement are the closest to those for R22. Although R410A has a
potential to replace R22, its saturated pressure is rather high. As a result of high-
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saturated pressure, some components of former heat pump can not be applied with
R410A such as solenoid valve, compressor valve, and expansion vaive. In the case of
R134a, it requires a large specific compressor displacement, causing low cooling and
heating capacity.
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Abstract

The objectives of this research are to study and design a
screw for producing sofid fuel by extrusion technique, as well as
physical properties of extruded fuel are also discussed. Crushed
coconut shell char mixed to coconut fiber char at the mass ratio
of 40:60 was used as base material and molass was chosen as
binder in this study. To investigate the influence of molass on
physical properties of fuel such as densily, compressive strength
and high heating value, mass ralio of molass to base material
was varied from one expermental to the other as foliows: 10:100,
15:100 and 20:100. it was found that oulput of product and
compressive strength were directly proportional to amount of
molass whereas density, high heating value and specific energy
consumption (SEC) increased as amount of molass decreased.
The output of product was about 20% deviated from a design
value, At screw speed of 145 rpm, the resulls are the oulput 0.8-
0.9 kg/min, density 1283-1342 kglma. compressive slrength 2.60-



2.87 MPa, high heating value 19.0-20.3 MJ/kg and SEC 0.14-
0.18 MJ/kg
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Abstract

The objectives of this research are to study the process of
binder producing from wheat straw treated with sodium hydroxide
for solid fuel produced by extrusion technique and to investigate
the influence of mass ratio of binder lo base material on physical
properties of extruded fuel. The base materials are crushed
coconut shelt char and its fiber char which were mixed logether
at the mass ratio of 50:50. To study the effect of binder on
physical properties, i.e. density, compressive strength and high
heating value, the mass ralios of binder were. varied from one
experiment to the other as the follows: 15:100, 20:100 and
25:100, respectively. The experimental results showed that the
output and high heating value increased as an increase of binder
fraction whereas density, compressive strength and specific
energy consumption (SEC) wese decreased. Al screw speed of
200 rpm, the results are the output 1.39-1.52 kg/min, SEC 0.09-
0.12 MJ/kg. density 1328-1338 kglma, compressive strength 0.33-
(.49 MPa and high heating value 23.6-24.5 MJ/Kg.
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Abstract

A novel vortexing-fluidized bed combustor (VFBC) which has
been combined a main feature of cyclone and fluidized bed
combustors has been developed in order fo achieve high thermat
load and high efficiency of combustor whereas ratio of diameter
lo height of combustor Is low. To Investigate the influence of
primary air, which carries rice husk to lthe top of VFBC in
tangential direction, Which is a purpose of this study, the amount
of primary air was vared from one experiment to the other white
specific fuel rate, secondary air (fluidization air) and tertiary air
(air tangentially distributed under a vonex-n'ﬁg) were kepl
unchanged in each experiment. The results showed thal when
primary air was distributed with a corresponding excess air of
164%, VFBC perform very well but if amourl of primary air was
further sither increased or decreased, thermal efficiency would be
dropped. Under proper operating condition, the maximum exit gas
{emperature oblained at 1 03000. lhermal efficiency a about 90%
and thermal load of combustor is 0.82 I'\A\.n‘\.f“..!m3 while amount of
emission gases. i.e. CO; CO and NO, delermnined base on
excess O, of 7% were 87%, 335 ppm and 300 ppm,
respeclively.
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Abstract

In pant |, a study which has been investigated the effect of
primary air con¢cluded that thermal efficiency was directly
proportioned to amount of primary air bul if primary air was
provided too much, thermal efficiency would be dropped. In this
part, the experiment were farther studied to investigate the
influence of secondary air (fluidization air) on performance of
VFBC by change amount of secondary air while keeping specific
fuel rate (SFR), primary air and tertiary air unchanged. SFR was
held constant at 240 kgIh-ma. The similar trends of experimental
results as that of obtaining from part | were also observed in this
study, that thermal efficiency increased as an increase of excess
air by increasing amount of secondary air but if amount of
secondary air was further increased beyond a proper value,
Thermal efficiency would be dropped. Al excess air of 164%,
VFBC perform very well, with maximum exit gas temperature of
1,070 °C, thermal efficiency of 93% and thermal toad of
combustor of 0.84 MW"Jm3 The amount of emission gases, ie
CO,, CO and NO, determinad base on excess O, of 7% were

8.47%, 298 ppm and 4.93 ppm. respectively.
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