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Artificial Neural Network Analysis of the Thermal Performance of a

Plate Heat Exchanger
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ABSTRACT

This paper proposes the use of artificial neural network (ANN) for the effectiveness and
overall heat transfer coefficient using water as working fluid. The experiments are performed using the
average inlet hot water temperature between 40 - 50 °C, the average inlet cold water temperature
between 20 - 30 °C, the average mass flow rate of hot water between 0.0273 - 0.0444 kg/s and the
average mass flow rate of cold water is 0.0196 kg/s. For the ANN model, a single hidden layer
structure is chosen and various learning algorithms are applied to adjust errors for obtaining the
optimal ANN model. From the experimental results show that the 5 hidden neurons and Levenberg-
Marquardt backpropagation learning algorithms is the optimal ANN model. The predicted results are
verified with the experimental data and gives R for effectiveness and overall heat transfer coefficient

are equal to 0.99631 and 0.98469, respectively.
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ABSTRACT

In modern vehicles, intelligent suspension systems have been widely applied with complex
control algorithms. The suspension design problem aims to achieve a good suspension providing a
comfortable ride and g¢ood handling within a reasonable range of road-profile deflection. In this
paper, the proportional-integral-derivative-accelerated (PIDA) controller design for the magnetically
levitated (Maglev) vehicle suspension system by the Lévy-flight firefly algorithm (LFFA), one of the
most powerful metaheuristic optimization searching techniques, is proposed. For comparison with
LFFA-based design approach, the results obtained by the PIDA controller will be compared with
those obtained by the PI, PD and PID controllers. Simulation results show that the LFFA can provide
optimal PIDA controller for a given suspension system. The PIDA controller yielded very satisfactory
response superior to Pl, PD and PID, respectively.

Keyword: PIDA controller, Maglev vehicle, suspension system, Lévy-flisht firefly algorithm, modern
optimization.

1. Introduction conducting track, while the later employs the

In modern vehicles, a suspension system

plays an important and imperative role in
increasing the ride comfort. The main purpose of
a suspension system is to provide a comfortable
ride and good handling within a reasonable
range of deflection or irregularity of road profile
[1-3]. For high-speed transport links in modern

economies, the magnetically levitated (Maglev)

vehicles have been widely used in many
countries. There are two most effective
suspension  methods, ie  electro-dynamic
suspension  (EDS)  and  electro-magnetic

suspension (EMS) [4-6]. The former requires
super-conducting materials to produce sufficient

repulsive force to levitate a vehicle over a

attractive forces of sets of electromagnets acting
upwards to levitate the vehicle towards the
tracks [7-8]. Generally, the suspension system of
the Maglev vehicles can be controlled by PD/PID
controllers. Based on the modern optimization,
designing of PD/PID controllers for Maglev
vehicle suspension system by some potential
metaheuristic algorithms has been developed,
for example, by using genetic algorithm (GA) [9],
evolutionary algorithm (EA) [10] and particle
swarm optimization (PSO) [11].

In control theory, the proportional-integral-
(PIDA)

developed and proposed by Jung and Dorf in

derivative-accelerated controller was

1996 [12]. It possesses three arbitrary zeros and
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one pole at origin. This leads the PIDA more
benefit than the classical PID controller for
Designing of the PIDA

well-known

higher-order plants.

controller by metaheuristic
algorithms has been launched, for instance, by
GA [13], PSO [14], cuckoo search (CS) [15] and
spider monkey optimization (SMO) [16].

By literature reviews, the firefly algorithm
(FA) was firstly proposed in 2008 by Yang [17-18]
based on the flashing behavior of fireflies and
uniform distribution for randomly generating the
feasible solutions. As one of the most efficient
population-based metaheuristic algorithms, the
FA was applied to almost every area of sciences
and engineering, including power systems [19],
image processing [20], antenna design [21], civil
engineering [22], robotics [23], semantic web
[24], chemistry [25], meteorology [26], wireless
sensor networks [27], control engineering [28-29]
and so forth.

In 2010, two years after the former version
of the FA was initiated, the later version of FA
named the Lévy-flisht firefly algorithm (LFFA)
was proposed by Yang [30]. The algorithm of
LFFA was still based on the flashing behavior of
fireflies, but Lévy-flight distribution is employed
to randomly generate new solutions. The LFFA
several nonlinear and

was tested against

multimodal standard test functions. Results
obtained by the LFFA outperformed those by
traditional algorithms including GA and PSO. The
state-of-the-art and its applications of the LFFA
have been reviewed and reported [31-32].

In this paper, the LFFA is applied to design
an optimal PIDA controller for the Maglev
vehicle suspension system. For comparison with
LFFA-based  design
obtained by the PIDA controller will be
compared with those obtained by the PI, PD and
After  an

section 1, the

approach, the results

PID  controllers, respectively.

introduction is provided in

remaining part of the paper is organized as

13

follows. Modeling of Maglev suspension system
is described in section 2. The LFFA-based PIDA
design problem formulation is performed in
section 3. Results and discussions are illustrated

in section 4. Conclusions are given in section 5.

2. Maglev Suspension Model

The cross-section of a general Maglev
vehicle is shown in Fig. 1(a), while its equivalent
with

degrees-of-freedom is represented in Fig. 1(b),

one-dimensional vehicle model two-
consisting of two lumped masses m, and m,,
two linear springs k, and k;, and two viscous
and b,

secondary

dampings b, representing primary

(chassis) and (passenger  cabin)

suspensions, respectively [5-6].

passenger
cabin

L1 L1
chassis

levitation
magnet

guidance
magnet

(a) cross-section

(b) equivalent diagram

Fig. 1 Maglev vehicle suspension system
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For the linear model, the equations of
motion when the vehicle is at the equilibrium

position are stated in (1) - (2).

my¥p+b, (¥, =) +k,(y, =) !
_bs(ys —)"p)—ks(ys—yp)zo

msj}s+bs(ys—jzp)+kx(ys—yp)=0 (2)

From (1) and (2), the relation in (3) can be
formulated, where y, and y, are positions of
primary (chassis) and secondary (passenger
cabin) suspensions, and y; is disturbance from

guideway irregularity.

m,y, +my;+b,(y,=y)+k,(y,-y)=0 (3)

The s-domain transfer functions of primary
suspension G,(s) and secondary suspension Gy(s)
once considering guideway disturbance y; as an

input variable can be described in (4) and (5),

respectively.
Y,(s)

G __r
1(S) Yl(s)

mgb,s® +(mk, +bb,)s”

+(byk, +bk,)s+kk,
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_Y()
G,(s)= _Yi (s)

(bsbpsz +(b,ky +bok,)s + kskp)

- (5)

msmps4 +[m,by+my (b, +bs)]s3

+[m kg +my(k, +ky)+bb, s>

+(b,k, +byk,)s+kk,

The Maglev vehicle suspension model can be
represented by the block diagram as shown in
Fig. 2.

3. LFFA-Based PIDA Design Problem

In this section, algorithms of the original FA
and the LFFA are briefly reviewed. Then, the
LFFA-based PIDA controller design approach is

elaborately described.

3.1 FA Algorithm

The original firefly algorithm (FA) was firstly
developed by Yang in 2008 by [17-18] based on
the flashing behavior of fireflies. The flashing
light of fireflies is produced by a process of
bioluminescence to attract mating partners
(communication) and to attract potential prey.
The FA’s algorithm is developed from three
idealized rules:

(i) fireflies are unisex so that one firefly will

(4) o
msmps4 +[m, b, +m, (b, +b, NE be attracted to other fireflies regardless of
L TR their sex;
+ + +k,)+
Umpks +mg (K, +K,) +bb Is (i) the attractiveness is proportional to the
bk +bsky )5 +kiky brightness, and they both decrease as
their distance increases. Thus for any two
flashing fireflies, the less brighter one will
70 Y [ | 1 ris)
bpS+kp 'a bA.S‘Fkx » ) »
T mp,s + mS

Fig. 2 Block diagram for two-degree-of-freedom Maglev vehicle model
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move towards the brighter one. If there is
no brighter one than a particular firefly, it
will move randomly;

(i) the brightness of a firefly is determined
by the
function.

landscape of the objective

Based on these rules, the FA’s algorithm can
be summarized by the pseudo code shown in
Fig. 3.

In FA, there are two important issues: the
variation of light intensity and formulation of the
attractiveness. The attractiveness of a firefly is
determined by its brightness which in turn is
associated with the encoded objective function.
Along the distance r, the light intensity / varies
according to the inverse square law r) = /s/rz,
where [, is the intensity at the source. For a
given medium with a fixed light absorption
coefficient, the light intensity / varies with the
distance r as stated in (6), where /, is the original

light intensity.

Objective function f(x), x = (x1,...,x)"
Generate initial population of fireflies x;= (i = 1, 2,...,n)
Light intensity /; at x;is determined by Ax;)
Define light absorption coefficient y
while (1 < Max_Generation)
for i =1 : n all n fireflies
for j =1 : i all n fireflies
if (1> 1)
- Move firefly i towards j in d-dimension via
uniformly distributed random
end if
- Attractiveness varies with distance r via exp[-j]
- Evaluate new solutions and update light intensity
end for j
end for /
- Rank the fireflies and find the current best x*
end while
Report the best solution found

Fig. 3 Pseudo code of FA

I=1e" (6)

B =P (7)
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The attractiveness of a firefly observed by
adjacent fireflies is proportional to the light
intensity. This can define the variation of
attractiveness fwith the distance r as expressed
in (7), where g, is the attractiveness at r = 0.
From parametric studies, £ = 1 is suggested for
most applications [17-18]. The scaling factor yin
(6) and (7)is defined as the light absorption
coefficient. In addition in (6) and (7), the distance
rybetween any two fireflies iand jat their
locations x; and x; can be calculated by the
Cartesian distance as expressed in (8), where x;,
is the k" component of the spatial coordinate x;
of i firefly.

For an original FA, the movement of a firefly
i is attracted to another more attractive (brighter)
firefly j is determined by (9), where ¢ is the
randomization parameter, and g is a vector of
random numbers drawn from a Gaussian
distribution or uniform distribution at time t [6].
In addition, o can be controlled during
iterations as stated in (10), where «, is the initial
randomness scaling factor, and & is a cooling
factor.

2
1 7
X =x) 4 By (x - X)) + g 9

a,=ay’, (0<s<1) (10)

3.2 LFFA Algorithm

The Lévy-flight firefly algorithm (LFFA), the
modified version of the FA, was proposed by
Yang in 2010 [30]. Movement of a firefly i is
attracted to another more attractive (brighter)
firefly j is determined by (11), where the second
term is due to the attraction while the third
term is randomization via Lévy flights with «

being the randomization parameter. The product
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® means entrywise multiplications. The

sign[rand-1/2] where rand € [0, 1]
essentially provides a random sign or direction
while the random step length is drawn from a
Lévy distribution having an infinite variance with
an infinite mean. From (11), a symbol Lévy(4)
represents the Lévy distribution as expressed in
(12). The step length s can be calculated by (13),
where u and v stand for normal distribution as
stated in (14). Standard deviations of u and v are
also expressed in (15). The algorithms of the
LFFA can be represented by the pseudo code

shown in Fig. 4.

t+1 t _7"'2 t t
X, =x;+ foe T (x; —x;)

1
+as ign[rand—a} @ Lévyh (11)

Lévy~u=t"*, (1<A1<3) (12)
u

s= |v|1/ﬂ (13)

u=N(©.02), v=~N(Q.c)) (14)

B
o LA+ B)sin(zf/2) ! o. =1 (15)
e

Objective function fx), x = (x1,...,xz)"
Generate initial population of fireflies x;= (i = 1, 2,...,n)
Light intensity /; at x; is determined by f{x;)
Define light absorption coefficient y
while ( <Max_Generation)
for i =1 : n all n fireflies
for j =1 : i all n fireflies
if (;> 1))
- Move firefly i towards j in d-dimension via
Lévy-flight distributed random
end if
- Attractiveness varies with distance r via exp[-yr]
- Evaluate new solutions and update light intensity
end for
end for i
- Rank the fireflies and find the current best x*
end while
Report the best solution found

Fig. 4 Pseudo code of LFFA
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3.3 LFFA-Based PIDA Controller Design

Regarding to the modern optimization, the
LFFA-based optimal PIDA controller design for
the Maglev vehicle suspension system can be
represented by the block diagram in Fig. 5. The
s-domain transfer functions of secondary
suspension Gy(s) in (5) will be used as a plant
model G,(s) in Fig. 5. The plant model
parameters, i.e., masses m, and m,, stiffnesses k,
and k,, and dampings b, and b, for primary and
secondary suspensions, are summarized in Table

1 [33-34].

i---» LFFA
|
| v
f i KI’» Ki, K:d and K, D(S)
. :
R( S) X U(S) C(S)
PIDA Maglev >
+K B
GC(S) G],(S)

Fig. 5 LFFA-based PIDA design framework

Table 1 Maglev vehicle paramaters

Paramaters Values
Primary suspension mass m,, 3.20><1OL1 ke
Secondary suspension mass m; 2.92><104 kg

1.13%10° N-s/m
8.80X10° N-s/m

Primary suspension damping b,

Secondary suspension damping b
6.18%10' N/m
7.37X10° N/m

Primary suspension stiffness k,

Secondary suspension stiffness k,

The PI, PD, PID and PIDA controller models
are stated in (16), (17), (18) and (19),
respectively, where K, is the proportional gain, K;
is the integral gain, Ky is the derivative gain and
K, is the accelerated gains. The sum-squared
between

errors reference position, r, and

J
passenger cabin position, ¢, are set as the

objective function f(-) stated in (20). As the

constrained  optimization, the time-domain
response specification, consisting of the rise time

(t), the maximum percent overshoot (M,), the
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settling time (t,) and the steady-state error (e,,),
is defined as the constrained functions as
expressed in (21). Referring to Fig. 5, fi*) in (20)
will be minimized by the LFFA in order to search
K, Ky and K,

within their corresponding search spaces in (21).

for the appropriate values of K,

K.
G.(s),, =K, = (16)
G.(9)p, =K, +Kys (17
K,
G(9),pp =K, + —+Kys (18)

K.
G () s =K, +T'+ K, s+K,s* (19)

N
Minimize f(Kp,Ki,Kd’Ka):Z(rj _Cj)2

Subject to

J=1

t, <0.05 sec,

(20)

M, <10%,
t, <0.10 sec,
e, <0.01%, 1)
0<K, <100,
0<K,; <200,
0<K, <10,
0<K,<0.1

4. Results and Discussions

To design the PI, PD, PID and PIDA
controllers for the Maglev vehicle suspension
system, the LFFA algorithm was coded by
MATLAB version 2018b (License No.#40637337).
Search parameters of the LFFA are set according
to Yang’s i.e. the
numbers of fireflies n = 30, a, = 0.25, fy=1, 1 =
1.50 and y =1.In this work, 50 trails are
searched to obtain the optimal PI, PD, PID and

PIDA controllers. For all cases, the maximum

recommendations  [30],

generation (Max_Generation) = 200 is set as the

termination criteria for each search trial.
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4.1 Case-l (Pl Controller)

In case of PI controller design with the LFFA-
based design approach, the values of K; and K,
in (21) will be fixed at zero. When the search
process terminated, the optimal Pl controller for
the Maglev vehicle
obtained by the LFFA as expressed in (22). Fig. 6

shows the convergent rates of the objective

suspension  system s

function fl*) over 50 trials of the PI controller
designed by the LFFA. The step responses of the
Maglev vehicle suspension system without and

with Pl controller are depicted in Fig. 7.

14.9844

N

(22)

G.(s)],, =9.7012+

BQﬁ
38 i
37
% 36
©
£k
g |
o 34
2
S 3l
3
3113
ol . . ‘
0 50 100 150 200
Generations
Fig. 6 Convergent rates of Pl controller
designed by LFFA
1.6
1.4 £

12+ / \

Normalized suspension position

08 "/
i

0.6 +

!

!
0.4 /,

i
0.2 7 —-—- without controller
| = with PI controller designed by LFFA
0 . .
0 0.5 1 1.5 2 25
Time (sec)

Fig. 7 Step responses of Maglev system without

and with PI controller designed by LFFA

va
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4.2 Case-ll (PD Controller)

For the PD controller design with the LFFA-
based design approach, the values of K; and K,
in (21) will be fixed at zero. Once the search
process stopped, the PD controller for the
Maglev vehicle suspension system is optimized
by the LFFA as stated in (23). The convergent
rates of the objective function f{) over 50 trials
of the PD controller designed by the LFFA are
plotted in Fig. 8. The step responses of the
Maglev vehicle suspension system without and

with PD controller are depicted in Fig. 9.

G, (5)],,, = 64.9937+3.0121s (23)

Convergent rates
(]
s

0 50 100 150 200
Generations

Fig. 8 Convergent rates of PD controller
designed by LFFA

0.8

0.6 ke

Normalized suspension position

e —-—- without controller
7 = with PD controller designed by LFFA
O = - L L 1 L
0 0.05 0.1 0.15 0.2 0.25
Time (sec)

Fig. 9 Step responses of Maglev system without
and with PD controller designed by LFFA
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4.3 Case-lll (PID Controller)

In case of PID controller design with the
LFFA-based design approach, K, in (21) is thus
fixed at zero. When the search process stopped,
the PID controller for the Maglev vehicle
suspension system is optimized by the LFFA as
stated in (24). The convergent rates of the
objective function f{-) over 50 trials of the PID
controller proceeded by the LFFA are plotted in
Fig. 10. The step responses of the Maglev
vehicle suspension system without and with PID

controller are depicted in Fig. 11.

169.3762
S

G.(5)] ,,p = 64.8045+ +2.9871s  (24)

Convergent rates

0 50 100 150 200
Generations

Fig. 10 Convergent rates of PID controller
designed by LFFA

1.2
c L
s !
‘? g
8- -
'
c 0.8 [ 2
kel e
7} -
c -
a -
2 0.6 o
7] 7
3
N 04 7
© ke
e
7
Z 02 :
,/'/ —-—- without controller
7 = with PID controller designed by LFFA

0 0.05 0.1 0.15 0.2 0.25
Time (sec)

Fig. 11 Step responses of Maglev system without
and with PID controller designed by LFFA



NFATIAINTTUAIERNS UYNINLFUATUASUNTILTAI
U7 14 aTUN 1 1HDU UNTIAY — LUWILY N.A. 2562

4.4 Case-1V (PIDA Controller)

Finally, for the PIDA controller design with
the LFFA-based design approach, K, K, Ky and
their
boundaries as given in (21). The optimal PIDA

K, are varied within corresponding
controller for the Maglev vehicle suspension
system is obtained by the LFFA as stated in (25).
The convergent rates of the PIDA controller
design are plotted in Fig. 12. The step responses
of the system without and with PIDA controller

are depicted in Fig. 13.

179.1016
G (5|, = 65.1404 + — (25)
+5.7612s + 0.0002s>
0A18‘
0.17 §

Convergent rates
o
=

0 50 100 150 200
Generations

Fig. 12 Convergent rates of PIDA controller
designed by LFFA

1.2
s 1
g -
c 08 il -
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[7] e
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3 0.6 )
@ P
3
N 04 e
© ke
§ /'/
o P
Z 02 -
|#~ | =-— without controller
7 = with PIDA controller designed by LFFA
ol [ .
0 0.05 0.1 0.15 0.2 0.25
Time (sec)

Fig. 13 Step responses of Maglev system without
and with PIDA controller designed by LFFA
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4.5 Result Comparison
All  obtained
Table 2. The step response of the Maglev

results are summarized in

vehicle suspension system without controller
and with PI, PD, PID and PID controllers designed
by the LFFA are depicted in Fig. 14. Referring to
Table 2 and Fig. 14, it can be observed that the
Pl controller provides unacceptable response
with slow and high overshoot and oscillation.
The PD

responses, but it cannot eliminate the steady-

controller can improve transient
state error of the system response. The PID can
improve transient better than PD, and can
eliminate the steady-state error as the PI. The
PIDA outperforms PID controller in that it can
improve transient response better than PID with
faster and smoother, and can completely
The PIDA

controller designed by the LFFA is optimal

eliminate the steady-state error.

because the proposed objective function fi*) in
(20) is completely minimized and the Maglev
system response with the obtained PIDA
corresponds to all preset constraint functions
and search spaces in (21).

Fig. 15 shows the simulation results of the
disturbance rejection of the Maglev system
without and with PI, PD, PID and PIDA controller
designed by LFFA. By comparison, it can be
noticed that the effectiveness of the PIDA
outperforms PI, PD and PID, respectively, due to

the smallest and fastest disturbance rejection.

Table 2 Step-responses of Maglev suspension

controlled systems

Step-responses
Controllers
t, (sec.) M, (%) t, (sec.) e, (%)

without 0.261 46.32 2.639 0.00
PI 0.049 33.72 1.162 0.00

PD 0.009 6.18 0.067 1.16

PID 0.008 4.54 0.055 0.00
PIDA 0.005 2.07 0.009 0.00
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Fig. 14 Step responses of Maglev system without
and with PI, PD, PID and PIDA controllers
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Fig. 15 Disturbance rejection responses of
Maglev system without and with PI, PD, PID and
PIDA controllers

5. Conclusions

Obtaining an optimal PIDA controller for
Maglev vehicle suspension system based on the
modern optimization design approach has been
presented in this paper. As one of the most
powerful metaheuristic algorithms, the LFFA has
PIDA

controller for the given Maglev suspension

been applied to design an optimal

system. With LFFA-based design approach, the
results obtained by the PIDA controller have
been compared with those obtained by the PI,
PD and PID controllers. From Table 2 and Fig. 14,

it can be investigated that the Pl controller
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provides unacceptable response with slow and
high overshoot and oscillation. Although the PD
controller could improve transient response, it
cannot eliminate the steady-state error. The PID
controller could improve transient better than
PD, and can eliminate the steady-state error like
Pl controller. Among those controllers, the PIDA
outperformed PI, PD and PID
PIDA

improve transient response with faster and

controller

controllers,  respectively. The could
smoother than others, and can completely
eliminate the steady-state error of the Maglev
suspension controlled system responses. With
the LFFA-based, the effectiveness of the optimal
PIDA over PI, PD and PID has been confirmed by
the smoothest and fastest responses of both
step response and disturbance rejection as

depicted in Fig. 14 and 15.
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ABSTRACT

The solar dryer for food preservation from solar energy to heating the product for evaporate
water the thermal efficiency of solar dryer cabinet up to solar energy. This paper concern the study
of thermal efficiency of the bananas dryer by the solar drying cabinet size 45 cm x 108 cm x 38.5 cm.
and 45° of the mirror angle installation thermometer and humidity meter inside and out side of solar
dryer cabinet. The solar dyer cabinet can produce 144 pieces of bananas dryer each batch. It was
found from the experiment that, in the duration of 9.00 am - 5.00 p.m. on a clear sky day, and all -
day average temperature inside chamber was 46.93°C. The experiment was started from and initial
moisture content of bananas of 79.18% wet basis were dried until a final moisture content equaled
29.3% wet basis.

For these data to design solar dryer cabinet with sun tracking by DC motor and scissor jack
for rotate the solar dryer cabinet. The experiment was tilted conformable of sun light 7.5 degree/ hr.
The experiment was dried until a final moisture content equaled 24.8% wet basis and all - day
average temperature inside chamber was 52°C. The experiment can decrease time for dryer the

bananas from 24 hr to 20.5 hr.

Keyword: Solar Dryer Cabinet, Sun Tracking, Relative Humidity, Wet basis
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ABSTRACT
A redesign is a crucial activity in engineering design process in order to achieve good product
designs. However, this leads to resource consume. In order to reducing risk in design process, this paper
presents the application of Quality function deployment (QFD) and Function-Behaviour-Structure (FBS)
techniques to develop a design methodology that can leading to clearly define design problems and
constraints at the beginning of design process. An implementation to the case study showed that a
design revision occurs only 1 time after the prototype test. The result of using the device to move the

50 kg weight package in the warehouse found that the operation can be carried out using only 1
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employee without having to use force from the body. As a result, it can reduce both the number of

workers and injuries of employees.

Keyword: Engineering Design, Quality function deployment, Functional-Behavior-Structure.
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ABSTRACT

The objective of this research is to study factors affecting a decision whether or not to use food
delivery service. A questionnaire was used to survey service usage behavior, socio- economic
characteristics, as well as opinions toward various aspects of food delivery service from a sample of 400
respondents who live in Nakhon Ratchasima city area. Then Binary Logistics Regression was employed
to analyze the data by using Backward elimination method. The results show that experience in using
delivery service, travel time saving, appearance of the food received, and delivery cost are the most
important factors that the service provider should pay attention in improving the service in order to
meet customer expectation. The other factors that also affect a decision to use food delivery service

are climate, traffic condition, risk of accident and parking obstacle. Service provider shall consider these

factors in forming strategies or promotions of their service in order to meet customer expectation,

resulting in a return of customers and hence moving toward a sustainable food delivery service.

Keyword: Delivery, Food delivery service, Binary Logistic Regression
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ABSTRACT

In this paper, evolutionary programming is modified to improve optimal power flow and
economic dispatch problem. The first improvement is to enhance the power transfer capability of
power transactions between generators and load buses. The second improvement is to determine the
ratio of max power transfer capability per economic dispatch. Both improvements are evaluated under
optimal power flow concepts and optimal allocation of the unified power flow controller. Particular
optimal allocation of unified power flow controller includes optimal location and parameter settings.
This optimal allocation is determined by this modified evolutionary programming. The main of
modifying is to place the value of sine function in the mutation method. The IEEE 30-bus test system
is used as a test system. Test results show that the proposed method gives the optimal allocation of

unified power flow controller which makes the better overall results of optimal power flow with

economic dispatch than original evolutionary programming.

Keyword: Evolutionary programming, Optimal power flow, Economic dispatch, Optimization

1. Introduction

According to the increasing demand for
electrical power, this demand increases every
year. There are many choices to supply this
demand. The standard choice is to build a new
power plant. The other choice is the addition of
a sub power plant or distributed generation into
the power system. However, the interesting
alternate choice is to improve the power transfer
capability of the electrical system by using the
FACT controller. The FACTS controllers are the
well-known electronics based devices which have
been improved that their installation can be

enhanced the power transfer capability [1]-[5].

However, the optimal allocation of the
FACTS controller must be considered [6]-[12]. The
maximum benefits from the installation of FACTS
controllers are to optimize for their optimal
allocation. This optimal allocation means the
optimal location and parameter setting of each
FACTS controller [13]. In this paper, the unified
power flow controller (UPFC) which is the one
type of FACTS controller is used.

Moreover, after the UPFC is installed and the
power transfer capability is enhanced [14]. The
economic dispatch (ED) should be considered.
The ED contains the operating cost of the

electrical power system [15]-[16]. The aim of ED
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solving is to reduce the fuel cost of all generators
in the system to a minimum. In addition, the
lowest fuel operating cost of the generator must
provide enough electrical power to supply the
load demand of the power system.

According to the above contents, the
necessary thing is to find the optimal allocation
of UPFC to response to these two improvements.
In this paper, evolutionary programming (EP) is
used to determine the allocation of UPFC. EP is
one of the well-known heuristic method which
has been proved that it can determine the
optimal value for any complex optimization
problem. However, the EP has chances to stick in
the local area which gives the local answer. This
is the disadvantage of EP.

In this paper, the EP is modified. The sine
function is applied to EP. The specifics of using is
to apply the value of sine function into the
mutation method. The aim of this modifying is to
take the EP step over from the local area. The
I[EEE 30-bus is used as a test system. The two
objective problems are enhanced total transfer
capability (TTC) and total transfer capability per
ED, respectively. Both objective functions are
operated with optimal power flow (OPF) concept
[17]-[26]. Test results from EP with sine function

are compared with the original EP.

2. Problem formulation

2.1. Total transfer capability (TTC)
TTC is defined as the capability of power
transferring in the electrical power system. The
electrical power, both real and reactive power
will flow from the generators buses to load buses.

According to the concept of optimal power flow

57
(OPF), the equality and inequality constraints of
the generator, voltage, power flow are used [22].
In addition, the operation limit of UPFC is set and
set as a static model [27]. The equation of TTC
(1)[28]-[29].

determining is represented by

ND NL
max F =TTC = Y Py, + Y Py, (1)
i=1 i=1

Subject to

n(i) N
ZPUi(VUI-,an)f ZVI-VJ-YI»]- cos(@; -6 +5,)=0 (2)
k=1 =1

Foi = Fpi +

n(i) N
96i — Opi +ZQU;(VU[»“U[)+ZV,-V,-K; sin(¢; —6; +6;)=0 (3)
k=1

=

PY™ < Py < P Vie NG @)
oFin < Q. < QX Vie NG (5)
pmin <y < pmax Vie N (6)
V_;“i“ng <y VjeN (7)
v <y, <V (8)
o < ay < o 9)
Where
Py real power generation at the ith
bus,
Py, real power loads in the ith bus,
P real power losses in the ith bus,
BV injected real power of UPFC at
bus i,
v voltage magnitude at the ith
bus,
Vv, voltage magnitude at the jth
bus,
Y, the magnitude of the element in
ifth bus admittance matrix,
0; the angle of the element in jjith
bus admittance matrix,
o voltage angles of the ith bus,
S; voltage angles of the jth bus,

i reactive power generation at the
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ith bus,

Op; reactive power load at the ith
bus,

Ui Vo) injected reactive power of UPFC
at bus i,

P pma - the lower and upper limit of real
the power generation at the ith
bus,

min omax the lower and upper limit of
reactive power generation at the
ith bus,

ymin pmax - lower and upper limit of
voltage magnitude at the ith
bus,

v, ym lower and upper limit of
voltage magnitude at the jth
bus,

VR pme minimum and maximum voltage
limits of UPFC at line i,

™™ minimum and maximum angle
limits of UPFC at line i,

ND number of load buses,

NL number of lines,

N total number of buses,

This objective function is used in casel of this
paper.

2.2. Economic dispatch (ED)

The ED contains about the operating cost of
electrical power system. The objective function
of the ED is express in (10) [30]-[32].

ED = iFi(E) = zm:(a,,ez +bP+c)  (10)

i=1 i=1

Where
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ED the total operating cost of the
generator,

F; the cost function of the ith
generator,

P the electrical power of the ith
generator,

m the number of generators in the

electrical power system, and

a;,b;andc; the cost coefficients of the ith
generator.
2.3 TIC per ED

According to the real application, the
performance of the electrical power system
should not consider only the maximization of TTC
or the minimization of fuel cost. The maximum
TTC has the chance to give high or highest fuel
costs which makes unprofitable. The minimum
fuel cost has the chance to give too low TTC
which  cannot respond to the minimum
requirement of TTC. Therefore, the minimum of
ED should be indicated with maximum TTC in
parallel. In this paper, the ratio of TTC and ED is
set as another objective function in (11). The aim
of this proposed is to maximize the objective

function.

R
ED
The unit of TTC is MW. The unit of ED, fuel

max F, = (11)

cost is $/h. Thus, the unit of the objective
function is MWh/$. The meaning is generated
possible highest TTC in one hour per 1S. This
objective function names TTC/ED and can be
called benefit ratio. This objective function is

used as case? in this paper.
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3. Proposed method

3.1. Evolutionary programming

Evolutionary programming (EP) is developed
by L. J. Fogel in 1960 in order to use simulated
evolution as a learning process aiming to generate
artificial intelligence [33]-[39]. EP is well-known.
Many papers contain the using of EP for
optimization problem in power system [40]-[45].
Moreover, EP is used as a global optimization
algorithm [46]. The main concept of EP is inspired
by the theory of evolution by means of natural
selection. The process of EP starts with initializing
individuals in the population. After the objective
function is evaluated. The selection process is
started to select the individual as parents for the
mutation to generate the next generation which

is called offspring. The flowchart of EP is shown

)

v
Initial individual
v
| Mutation |‘—
v
Objective function evaluation

v

Fitness value calculation

v

in Fig. 1.

Selection

Reach

maximum

generation?

Stop

Fig 1. Flow chart of EP
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The main components of the algorithm are
briefly explained as follows.

The initial individual is initialized randomly

using sets of uniform random number distribution

ranging over the limitation of each control

variable as (12).

x; =xm" +u(ximaX - l-min) (12)
Where
X; value of the ith individual,
XM ™ minimum and maximum  value
of the ith individual, and
u define between [0,1].

The Gaussian mutation operator is used in
the mutation method. A new offspring is
computed by using as (13) and (14).

X' = X +N(0, cr,il-) (13)

gk.:(x;nax_x;nm)(Mmg] (14)

! Simax

Where

X' value of the ith individual of the
kth offspring individual,

Xii value of the ith individual of kth
parent individual,

N(O,o,f,) Gaussian random number with a
mean of zero and standard
deviation of oy ;,

XM M the minimum  and  maximum
value of the ith variables,

i the fitness value of the kth
individual,

Jinax the maximum fitness value of
the parent population,

a a positive constant which is less

than one, and

g the number of present iteration.
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The fitness value will be given by using (15).

fi =Kf*F (15)
Where
i fitness value of kth individual,
and
Kf set as 1.

The tournament scheme is used for selection
method which can be computed from (16) and

(17)

" :{1 if fi .>fr (16)
0 otherwise
Nt
Sp = Zw, 17
Where "
w, the weight value of each
opponent,
S the fitness value of the kth
individual,
£ the fitness of the rth opponent
randomly selected from the
combined population based on
r=L2*P*u+1J,
[x] the greatest integer less than or
equal x,
u uniform random in the interval
(0,1],
P population size,
S the total score of each kth
individual, and
Nt the number of opponents.

3.2. Moaodified EP by using sine function

In this paper, EP is modified by placing sin
value from sin wave function into the mutation
named

process. This modified algorithm s
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modified EP/sin. The aim of this modified EP/sin
is to step over local area. According to the
N(O,o-,f’i)of equation (13), the possible value is
only positive. The parameter value is only
increasing. The values from the sine function can
be in positive and negative. This is the difference.
And the meaning is valued from the sine function
have more flexible. The parameter value of
modified EP/sin can be increased and decreased
up to the positive or negative values. This makes
chances to step over the local area for optimal

answers. The sine curve is shown in fig 2.

e wave
T

) 0
sapis

Fig 2. Sine curve

The mutation of modified EP/sin is (18).
X'ei =X +(singen>< N(O, o )) (18)
Where

sing,, sine value of current iteration.

In addition, each individual contains system
variables and parameters of UPFC. The real
number is used for each variable. The kth
individual is represented by a trial solution vector
as (19).

Vi =[Ps .V, Ppi, Loc;, PM,] (19)
Where

vl trial vector of each individual,
the real power of ith generator excluding
generator of the slack bus,

voltage magnitude of the ith generator,
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Py

'

the real power of load bus at bus /,
Loc; locations of ith UPFC, and
PM, parameter of ith UPFC.

4, Case study and experimental results

The I|EEE 30-bus test system is used to
demonstrate optimal allocation of UPFC for
simultaneously F; and F, objective functions. The
individual number of EP is set to 30. The
maximum iteration is set to 100. Each batch
contents 10 runs to determine minimum, average,
and maximum value. Base case TTC is 164.30 MW.

The IEEE 30-bus test system is shown in Fig. 3 [47].

Fig.3 IEEE 30-bus test system
TABLE | Min, average, and max TTC from original EP with UPFC and modified EP/sin with UPFC
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The voltage and angle limits of UPFC are
0<V, <01 pu and —z<eg,<z radian,
respectively. The number of UPFC is 1. The
individual number of original EP and modified
EP/sin are set to 30. The maximum iteration is set
to 200.
4.1 Casel: Maximize TTC
In this case, the F, objective function is
applied. The TTC included losses is determined
by using the Newton-Raphson method. The
minimum, average, and maximum TTC with UPFC
installation are higher than those from the original
EP with UPFC installation. Modified EP/sin gives
the maximum enhance TTC 97.59% from base
case TTC. This modified EP/sin can push the value
of each variable step over the local area which
enhances maximum TTC. Moreover, the system
can be operated without any violence. The

minimum, average, and maximum TTC are shown

in Table I.

Min Avg. Max STD
TTC TTC TTC (MW)
(MW) (MW) (MW)
Original 268.5700 278.5481 290.6410 7.5155
EP with UPFC
modified EP/sin 302.0270 312.2820 324.6520 8.2302
with UPFC

The parameter of UPFC is Au and Vu. Au is
the angle of UPFC. The Vu is the voltage per unit
of voltage of UPFC. The optimal location of this

result is line number 10. This line connects bus

number 6 and number 8. The radian of UPFC is
0.7428 radian. The voltage per unit of UPFC is
0.0118. The optimal allocation of UPFC for max
TTC from modified EP/sin is shown in Table II.
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TABLE Il Optimal allocation of UPFC for max TTC
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TABLE Ill Generator co-efficiency of IEEE 30-bus

from modified EP/sin system

Location Parameter Unit 3 b G
Line 10 Au (rad) Vu (pu.) ($/MwhY’ ($/MWh) ($/h)

0.7428 0.0118 1 0.0200 2.00 0

2 0.0175 1.75 0

4.2 CaseZ: Maximization TTC per ED 3 0.0250 3.00 0

In this case, F, objective function is applied. 4 0.0625 1.00 0

The TTC included losses is determined by using 5 0.0250 3.00 0

the Newton-Raphson method. The fuel cost is 6 0.0083 3.25 0

calculated by using the real power of generator
and generator co-efficient. The generator co-

efficiency is shown in Table Il [16].

The average and maximum TTC/ED from
modified EP/sin with UPFC installation are higher
than those from the original EP with UPFC
installation in 0.90% and 2.8%, respectively. This
result shows that the ability of modified EP/sin
can determine the optimal allocation of UPFC
which can improve TTC/ED without any violence.
The minimum, average, and maximum TTC/ED

are shown in Table IV.

TABLE IV Min, average, and max fuel cost from original EP with UPFC and modified EP/sin with UPFC

Minimum Average TTC/ED Maximum TTC/ED STD
TTC/ED (MWh/$) (MW/$) TTC/ED
(MWh/$) (MWh/$)
Original EP 0.199 0.218 0.243 0.185
with UPFC
modified EP/sin with 0.190 0.220 0.250 0.191
UPFC

TTC and ED of modified EP/sin with UPFC

installation are shown in Table V.

TABLE V TTC and ED of modified EP/sin with UPFC

installation

TTC (MW)

ED ($/h)

275.845

1105.507
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The optimal location of this result is line
number 10. This line connects bus number 6 and
number 8. The radian of UPFC is 2.699 radian. The
voltage per unit of UPFC is 0.0209. The optimal
allocation of UPFC for max TTC from modified
EP/sin is shown in Table VI.

TABLE VI Optimal allocation of UPFC for min fuel

cost from modified EP/sin

Parameter
Au (rad)
2.6999

Location

Line 10 Vu (pu.)

0.0209

5. Conclusion

According to the contents, the original EP is
modified by placing values from the sine function
in the mutation method. This proposed method
is used to determine the optimal allocation of
UPFC to enhance TTC and maximize TTC/ED. Test
results show that this modified EP/sin can
determine the optimal allocation of UPFC which
can enhance TTC to the maximum and maximize
TTC/ED. These can be indicated that the using of
modified EP/sin with the installation of UPFC will
be profitable and worthwhile sustainable for the

operating of the electrical power system.
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ABSTRACT

The average intensity of solar radiation in Thailand is 18.2 MJ/m?-day. This amount of energy
should be utilized to reduce the energy consumption from the other sources such as the fossil energy.
The main objective of this research is to study the efficiency of a DIY solar water heater. The solar water
heater has two main components: a flat plate collector and a storage tank. Thermosiphon principle is
used for water circulation between the collector and the storage tank. The collector has 1x1 m? area
and consist of 9 copper tubes with a diameter of 5/8 in. and a black aluminum plate. The storage tank
has 50 liter volume. The thermocouples type K were used to measure the inlet and outlet temperature
of water from the collector, and the water in the storage tank. Pyranometer was used to measure the
intensity of solar radiation. The machine had been tested between 9:00-16:00 for 5 days in April. The
results showed that the mean intensity of solar radiation was about 690 W/m?and its maximum was
993 W/m?at 11:45 on the fifth day. The maximum water temperature in the storage tank was 50 °C at
13:00. The five days average of the maximum efficiency of each day was 55.8% and the five days

average of the all day average efficiency was 24.6%

Keyword: Water heater, solar energy, flat plate solar collector, thermosiphon.
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UNANED

AT I fngUszasdiiieAnwdnumrvosgUuuuiumdenginssunislnavesernialuniyady
Ustavamgs Inglé3Bnamansvasinaidediuan (CFD) sldvinnsimuatevlvvauinsingg wilourdu
MATYAURUY [11] 1INNTIAATILINUTIIHANINTEANLRUNTVRI0INALUANANUTEEANS A NG IdonARDS
funuisesuuuy Tneddanunanaedouads 0.77% nntuldvhmsuiunAsuguuouaumldun suushu
o ATIINALIAN LagshTduduugunansg A ULRea s TLAnANaTuTI 27 UL ilevhnsiinsigd
ygUuuuAumvlEuualdun s viiaian lnefinsanainanuiieds ndmfemimiivesernaiia
i azteifinszezinanlunisagniedwesenmeatuitemaduonmind S el nulndiaty uazdmals
wunlthsAvsnmdsanudouganuludae annsnwmuinsuugaunviliuuldunsmnindfidan
fi9 44 5 A 30 fadiuns weedidhndmduhugudnansgaumuuonns 13:14 Tadiuns

v

AdAey: Auwn namansvasluaidaiun wRnssunsivaveseInia WwnveiuUsEanSnIwge

ABSTRACT
This research aims to study the configuration of grate affect to the behavior of airflow in the
high efficiency cooking stove using computational fluid dynamics (CFD). This research defines the model
mesh boundary condition from a previous study [11]. The analysis found that the temperature
distribution is consistent with a previous study, by the mean error of 0.77%. Then make modify the
configuration of grate such as number of holes, thickness and the diameter ratio of hole with different
total 27 models to fine the best burning trend, based on the average speed. That is at low speed of

airflow can improves times to mixing of air and fuel in the combustion chamber, thus burning up as a
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result and have a good trend of high thermal efficiency. From this study found that the best burning

trend can be said that the number of grate holes is 44, thickness of grate is 30 mm and the diameter

ratio of hole is 13:14 mm.

Keyword: Grate, computational fluid dynamics, behavior of airflow, high efficiency cooking stove.
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ABSTRACT
This research article aimed to investigate an optimal condition of biodiesel production from
fish entrails oil. The grey relational analysis was used to find the suitable condition together with many

objectives for efficient biodiesel sufficiently in agricultural engine application. Transesterification
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reaction was applied in the biodiesel production experiment. The four factors of biodiesel synthesis
were studied as follows; ratio of methanol to potassium hydroxide, stirring speed, reaction time and
reaction temperature. The three responses were free fatty acid quantity (FFA), sulfated ash content
and flash point. The results exhibited that the best condition of the biodiesel production is 3.0:130,
500 rpm, 60 minute and 60 °C for volume per weight ratio of methanol to potassium hydroxide, stirring
speed, reaction time and reaction temperature, respectively. Hence, the biodiesel from this optimal
condition showed 1.60 mg KOH/¢g Oil of FFA, 0.11% m/m of sulfated ash content and 162 °C of flash
point. Moreover, these results were consistent with the special standard level of department of energy

business. Therefore, the prepared biodiesel was applied in the agricultural engine after that the engine

operated continuously with no shutdown or stumble.

Keyword: Biodiesel, alternative energy, grey relation, fish entrails oil, transesterification reaction
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ANNAYEIARIEN1SNIULYAILEY NN AT IR Y
Snsrdrutifutindy 11 wWhenmmdlvlugadu
szpzan 15 Wit Weldiuarisiuianisuand
nadAulgRIn Ty wavdesicliAnnsuendu
sewhahduisuseniieenaniigiy disfuiils
Uduilgumgil 100 ssrwaidoa 1Wuaan 30 uni
uddesliduasgangiivies niutniiutagi
asr¥adosdulanzaiidiadonisnanlulaniea
lawn twfintednas(Methyl ester) n523TAR1Y
wmsgu EN 14103 fldiade 97.8%wt uaznsalusiy
9a5¢ (Free Fatty acid : FFA) #1131195§14 ASTM D
664 TANAAE 8.6 me KOH/g Oil B 2 ANTLTuANT
quﬁummsﬁmmyuﬁmuﬂﬁ wagdaliaunsn
lUlduisdesdniunsduasieifululedioa
delsiausansinniusiely
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nszurumsRaaantsluTefwaannisiuld
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Fupswidiululefiwa Taefinsiwesaiilaud
Winaniilduan 10 dns dmsumsiimesuusiu
fidnwusynousie ¢ wisdwes lauddiunayans
weUfisenseninaumueatulnunadeulansenlen
3 dmsndrunan ausaseulunisniu 3 sedu

a

warlunisinuasen 3 sedunazaamgiinisyin
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92

wazLIa1nN19vMIUAASEIuNUAI88nYs (D) 10

FNUAATEAUYBINIS IR DS LEIBBNLUUNISNARDS

ased 1 wsfinedudsiuuasesesy
ANsEey
s fimesuusiiu
1 2 3
diuNay Luviuea | 2.0:120 | 2.5:125 | 3.0:130
@n9) : nuvadoulons
anlwR(nsu) (A)
Asaseulunisniu 300 400 500
(sousioudi) (B)
varlunisyinufasen | 50 60 70
(W) (©)
gunniinsyujisen | 60 65 70
(@3 garded) (D)

WeMIAINIS 1T asA LUz ay a2835n1s
PONLUUNIINAGDY Taguchi L9 Hd1uiun1snaass

TRNUARIATIIN 2

MITNA 2 NTNABBILUY Taguchi L9

. NRERFITTob
GRG
() (B) (@) (D)
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 1 3
9 3 3 2 1

dnSunanauaueafifeIn1smIIURiansanndead
danansznureuszansainvesluledwasinnis
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luledtgamaudnsunn [51,[14],[17] F9vdon

NFENTIAINTTUAERS UNTINSUAIUASUNT LI

U 14 atUT 1 Hou UASIAN — LB W.A. 2562

NaneUALRI 3 dmiunisinu3ded el
INAINAADILAINTIVTANAAIUTNI FFA Au
UMY ASTM D664 n150533TAAulnay
UINTFIU ASTM D93 wazAnidaanInuinsgiu
ASTM D874 \leldAnanauianunn1unis1ens
NPaes WAesa1nITnIs Taguchi Fos1ialuns
Jpzinsdwesiunsauwuuansnanaus il
Fanshaszdanuduiusuuunssiduisnsiidne
dnsumsiessimamnnesiuusauuuuna
nounatfnguizasdion dmiudgwniid
HamaUaLDIiaNEats faeaunisil 1-7 [20] Taenis
Wisuiieudninaveamsfimesuraziafissdusng
q fdananenaneuaLe Wi muAlUNTEUIUNITIY 9

Tagflinsaauduiusuuuinsg (Grey relational

=

grade) Hunsfimesfignihanldlunisinsiey &

AT IATIEVAINUAUNUSHUULNTOSUAUIINNTHURS

HanauauesnlaannIsnaaeteyasulvilAiog

T

Tu9 0 4 1 Imeldaunsaenaludl

0 . 0
xi( )(k) —min,; xi( )(k)

X (k) = a4 1)
l max. xi( )(k)_mlnall(i) xi( )(k)

0 0
max ;. xi( )(k) - 'xi( )(k)

(2)
0 - 0
max. 'xi( )(k) —min, 'xi( )(k)

X (k)=

A *

e x; (k) o nsuUasdoyaannuanauaues

1

o o o

ayaAuaduf i 9annsmeass k, x” (k) Ao

e

TOYANUYDIHANBUAUBIAIAUT | 31AN1TNAADI K,

a A

: O (V& & @

min,,, X (k) Ao veyanuitduvesnanay
Ao v a v v

aueanfidrtdosfaniilaainnisnnaes kuas

(0) A v a Ao

max ., X; (k) Ao vayafiuvaiwanauauesiian

wnfign nn1sneass k lneaunisi (1) 14lunis

wlastoya LWaNITUIUNITNTONITNARBIUUADINTT

a a
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Vjiei vk’ /
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AN 3 HANITNAABININIONT Taguchi L9 wagnshuasmiaduauduwusiuuingg

AMNANDUALDININATTNAADY ANAIAUAMLENRUSIUULNSY
v FFA (mg | Wndawa | gaowle | FFA wndamla | a1l
KOH/ g Ol | (% m/m) Q) (0-1) (0-1) (0-1)
1 3.18 0.071 145 0.0000 0.0000 0.0000
2 3.10 0.062 148 0.0510 0.1500 0.1875
3 3.11 0.065 146 0.0446 0.1000 0.0625
4 2.97 0.042 151 0.1338 0.4833 0.3750
5 2.76 0.038 153 0.2675 0.5500 0.5000
6 2.67 0.043 152 0.3248 0.4667 0.4375
7 2.35 0.014 158 0.5287 0.9500 0.8125
8 2.03 0.011 161 0.7325 1.0000 1.0000
9 1.61 0.012 160 1.0000 0.9833 0.9375
ms1efl 4 dudsvavsanuduiusuuunsg
il ANAUAMUFUNUSIUULNSE FuUsyAnsamuduiusuuunsd LNIAAIIMN
FFA | wndawla | gaaulw FFA | wndawla | qaouldl | dfusuuuingd
(0-1) (0-1) (0-1)
1 0.0000 0.0000 0.0000 0.3333 0.3333 0.3333 0.3333
2 0.0510 0.1500 0.1875 0.3451 0.3704 0.3810 0.3654
3 0.0446 0.1000 0.0625 0.3435 0.3571 0.3478 0.3495
4 0.1338 0.4833 0.3750 0.3660 0.4918 0.4444 0.4340
5 0.2675 0.5500 0.5000 0.4057 0.5263 0.5000 0.4773
6 0.3248 0.4667 0.4375 0.4255 0.4839 0.4706 0.4599
7 0.5287 0.9500 0.8125 0.5148 0.9091 0.7273 0.7170
8 0.7325 1.0000 1.0000 0.6515 1.0000 1.0000 0.8838
9 1.0000 0.9833 0.9375 1.0000 0.9677 0.8889 0.9522

Aunalunsiuisewasnfivesaugmgil
nsiugasenAteglusedu 2 uas sedu 1 a0
Wirdu 60 W19 wag 60 e LeALTYE Fedeany
NUITEBY 9 NAnafiaaInsviugisenn 60 il
@ a o aaa a0 g va aaa
waztlugrsgaumginsuisennvilianujisen

nsdaAsizibulefwanunyay [8],[21-23] F94in

TrfiuulduanA1USuiuved FFA Aangaindanad
a a X & |
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SEAUMBPIAIAUAINITIN 3 INUUEIAITEAUNIN
TAatum5199 3 Lmedudseansanudunusuuu

wnsdauaunisi 3 Wnedmualian & 1@udindn
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¥

fegnannsAuIURatl
'Y(A) 1 =0.33333+0.36546+0.34950 = 0.34943
'Y(B) 1 =0.33333+0.43407+0.71704 = 0.49481
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AnadsnInauduRusLuunssi 0.85102 1Wuen
unigauansidumsfimesifiawddyuniian
fidmansznusensiasundatuananauauois 3
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nsUFuldsuaniieodasnisiilananavauaaduly
AUAMNADINT EMSUNI51Tmas B C waeD wang
ANRAYANUFURUSWUULNTININALABIAUNIN LEAS
HIN1510LMDINY 3 NI51AABSANANTLNUABANST
a t4 | o Ay '
Wasuwlasvananauauaeia 3 saufuildunnsng
o ' & P o a ' @ a 5
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HAROUAUDID19DITING 9 U

A1599 5 ANLRAEINSARNFUNUSHUULATE

SR wdines
(A) (B) (@) (D)
1 0.34943 | 0.49481 | 0.55904 | 0.58763
2 0.45713 | 0.57554 | 0.58391 | 0.51416
3 0.85102 | 0.58723 | 0.51463 | 0.55580

v
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1o a
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ABSTRACT

This research studied the use of fly ash and bottom ash in manufacturing of load- bearing
interlocking block by replacing cement and laterite soil, respectively, at 0, 5, 10, 15, 20 and 25% by
weight. This study used mixing ratio of cement to laterite soil of 1:7 by weight. The basic properties
including compressive strengths (at 14, 28 and 90 days), water absorption (at 28 days), and unit weight
(at 28 days) of the interlocking blocks were tested and determined. From the test results, it was found
that interlocking blocks mixed with fly ash and bottom ash in appropriate proportions had the required
properties complying with the Thai Community Product Standard for interlocking block.

Keyword: Bottom ash, compressive strength, fly ash, interlocking block, water absorption.
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ABSTRACT
In this paper, torrefaction of sugarcane leaves was carried out in a lab-scale 600 g/h continuous
flow pyrolysis reactor with an aim to improve the biomass heating value with minimum weight loss and
minimum reaction time. The effects of torrefaction temperature (260, 280 and 300°C) and solid
residence time (1, 3 and 5 min) were investigated to determine the mass and energy yields, the heating
value and the energy densification of the torrefied biomass. The results show that, within the ranges

of the parameters studied, the mass yields of 68-89 wt% on dry basis were obtained, corresponding to
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the energy yields of 84-95%. The higher heating values of the torrefied sugarcane leaves were in the

range of 19-21 MJ/kg compared to 17.5 MJ/kg for the original biomass. This corresponds to the energy

densification of 1.06-1.21. The torrefaction conditions that gave the highest torrefied biomass heating

value and energy densification were 280°C and 5 minutes.

Keyword: Sugarcane leaves, torrefaction, temperature, residence time, continuous tubular flow reactor.
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