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Design and Development of Gasoline Direct Injection V2-Range
Extender Engine
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Department of Electronic Engineering, Department of Mechanical and Automation
Engineering, and Advanced Engine Research Center, Kao Yuan University
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Abstract

The study is aimed to design a water-cooling Gasoline Direct Injection V2 range
extender engine with 1000 c.c. displacement volume for the power output at 30 kW
and BSFC under 230 g/kW-hr based on one single cylinder 500 c.c. GDI engine. The
commercial one dimensional engine performance analysis code is employed to
investigate the engine performances by changing design parameters which include the
bore stroke ratio, compression and variable valve timings based on the optimal
ignition timing map at various engine speeds and fuel injection timing. It was found
that the effect of change in the bore stroke ratio is not obvious and the higher
compression ratio leads to better BSFC, but is not good for cost consideration and

s FeftE A B R+ 148k 0 24324k - E-mail: hsinluen@gmail.com

2 Combustion Quarterly Vol.21, No.2 May. 2012



engine is to adopt the proper range of intake and exhaust valve timings and suggests
the engine to be operated at wide open throttle and at constant engine speed of 4000
RPM to meet the design requirements (BSFC < 230 g/kW-hr, BMEP=10 bar and
power output= 30 kW).

Keywords: Range Extender Engine, V2 Engine, Direct Injection, Compression Ratio,
Bore Stroke Ratio, Brake Specific Fuel Consumption (BSFC), Power
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Engine Specifications

2-Cylinder 4-Stroke Gasoline

Engine Type in 90 deg. V-arrangement
Displacement 2x498 c.c.

Bore*Stroke 92mmx75mm

Target Power 30 kW @ 4000 RPM

Gasoline Direct Injection (GDI) w/
single hole Swirl Injector

Injection Timing -230 (deg. ATDC)

Throttle Position WOT

Fuel Injection System
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Lz ap I V2R F R SRR
Design Parameters
Intake Valve Timing 290°~350° CA ATDC Firing

Exhaust Valve Timing 80°~120° CA ATDC Firing

Bore / Stroke Ratio (BSR) | 1.15~1.35
Compression Ratio (CR) 11.5~13.5
Engine Speed 2000 ~ 6000 RPM

4.1 afm oAzt 2 RaEe 2 B
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4500 RPM &4 i Hcdh 11 2] 477 {7 44 o
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;240:— i
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= [
2 235
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225
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2lilS 1.2 1.25 1.3 1.35

Bore/Stroke Ratio
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IR PERIT g 1) BSFC § ML F R H Ao a E Mo d YA TR R
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R Keed BSFC i 1@ > RISIEF A Ao FARY R -4 7 S 47
FHAREFL - F 2 A7 LR % o 3 BSR 2 R ik 1 %

7 Combustion Quarterly Vol.21, No.2 May. 2012



ko PR RO 2N A ATRIERT R A SIEFR AR

BSFC (g/kW-hr): 230 232 234 236 238 240 242 244 246 248 250
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Compression Ratio
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3
1
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L1315 12 12,5 .13 135
Compression Ratio
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BSFC (g/kW-hr): 228 232 236 240 244 248 252 256

350

w
>
o

330

320

310

Intake Valve Timing (ATDC_Firing)
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Exhaust Valve Timing (ATDC_Firing)

Bl- ~dap Eop V2 34251 & & 3500 RPM peecsgie 2t § * i P2 BSFC &
"

T

330

320

310

Intake Valve Timing (ATDC_Firing)

Exhaust Valve Timing (ATDC_Firing)

Bl A~ daph Eop V2 34251 & & 4000 RPM prec g gt § /& pr2. BSFC 4
i

10 Combustion Quarterly Vol.21, No.2 May. 2012



Lf B egiE T o B4 53 & A 4500 RPM P BSFC 4 1% B 0 B &k £ 30
KW 85 81 enge B+ A $h3 0 0 2 FIEE #F 0 2 1) B0KW enff BN 473> 5 4 ¢
BSFC tp 4tk 3 » @ 2 17 BSFC &2 & >t p & (230 g/kW-hr) -

BSFC (g/kW-hr): 228 232 236 240 244 248 252 256

350

w
N
o

330

320

Intake Valve Timing (ATDC_Firing)

80 90 100 110 120
Exhaust Valve Timing (ATDC_Firing)

Bl ~daph Eof V2 34251 & & 4500 RPM pFecsgie 2t § ° & P2 BSFC &

i B
4.3 B izE*E
FAEM PR LB H PR CR 2 BSR ¥ 7 gﬁ BSFC %
@‘]4,;412 Aﬂ'mﬁ;g &g Billied ERFEIIFEZ AT N S AL

7 SRR R F’“rﬂF’“f‘a& LR FEE D] AR TR S F S
PHEE - - PFROBMERTK T RE LIRS BSFC 1 F > B¢
%0 30 KW BRI 7 1% 0§ #7373 p 4k > ¥ BSFC 7 2 jfs & 230
O/KW-hr > F]pt » R pT 7 i b if VKBV 4R B F el P 5] 326°~336°
CAATDC Firing = £ % [ 1 p&+ Z 3 % 1] 86°~98° CAATDC Firing » ¢#* f§ F* It p&
FERT LT AR R RhL (TIER S R B R e B R
S

FrERGCRPEMZIER EE2 FEEZER A1  B 57 PR
T2 BSFC - it § 2t ~ BMEP 2 # S 412 vt fi o F L% BSFC et i> » &
fokeenie F F BT o R enigd v o gmﬁfifﬁBSchﬁlﬂz » ® % 4000 RPM
TE i AFT G PR +ﬂ(2309/kw-hr) £ BBty o d R MWIE
AL R FARR R AL 0 F Aok % 2500 RPM pEF i BB % B W F @

11 Combustion Quarterly Vol.21, No.2 May. 2012



< §ﬁ:w§ﬁBMEWH: BRI R Ak R e
pE > 357 11 9 i <0 BMEP 7ﬂ 3 R TR U hdah RS
- 4000 RPM P& ¥ & 10 bar  F1 447§ 3% 2y &3 5 B0KW » sl i 1%

@’@%¢AmwwM%ﬁuéwamﬁ’fﬁ%ﬂ?@&AamﬁA,f{ﬂ
5] BSFC 9P 45T4> #* #42 GDI 51 & e 8L & {* #i¢ 3% 3% %_f 4000 RPM-

L
1
|

~270
< { —O— RE Engine /O
§250— - - - Target _o
2 1 O/O
02304 -==-=-=-- 6-/-0/- ---------
LL oO—O0—0—
0
210
0—O— NS
0] L g4 <
\o | .
~o - 80 {1
\O [ 76 ©
\O [ e
~o F72 2
\() -68>
12
= 114 o—%—0
—5
=2 e
n ~~
o 10 O\
L 1 o\
= 94 o\o
o
8 36
RS
=
28 <
24 @
S
20 9
—T 7T — T 71— 1 71 —116

20|00I2500 3000 3500 4000 4500 5000 5500 6000
Engine Speed (rpm)
Bl o~ doph Eoop V2RARS I A b R B2 7 R HF R 4R T2 i dp
gt

I~BH
ARy 38 GT-Suite 51 8 M Wk do B2 (7 4 47 V 3] #4034 42 GDI 31 8 %
G0 T 30KW R B B T AT eAe ot RERIN R RIRF B pEL BT A4
W A d B2 GDI 51 E R M R S SA SRS TE TS
i

(- )~ e Raiibefes SRS § 200 b i 40 R 1 R P BTN o fik

RRE o R F GRF R R e T
() & P f Tk 2T o FF § @ PEF LR T RHARIY
B A ARG T ER > E T R o

C) SERPIFSLAFDS IR B FL AT LR Y iF P hn

12 Combustion Quarterly Vol.21, No.2 May. 2012



P2 & 5] 326°~336° CAATDC Firing = #: 5 F* It pf4 2 3 & 5| 86°~98° CAATDC
Firing 2. # [ ;iﬁg 4000 RPM #% i+~ v i BSFC <3t 230 g/kW-hr - BMEP +
i 10 bar ® 65 d FiE30KW UEFTHALTEY o

=,

o~ R
BB - A8 R S %354 %3 100-EC-17-A-16-S1-169 24t &4
BEFRPLG G U PHN AR R S EHNLE S TR BAY Sk T2

B4 o

& A %Je
K. Wittek et. al, V2-Range Extender Module with FEVcom- a Barely

Noticeable Companion in Your Electric Vehicle, 1st Aachen Colloguium China
2011.

2. B. Mahr, Design and Development of the MAHLE Range Extender Engine, 1st
Aachen Colloquium China, 2011.

3. BEQNERK Hiadp it FRVIm2ay 0 7 ELHF L
= f’ﬁgﬁ7f£§’ﬁﬁ’5‘7‘§ 2011 # 117 11p > 28 -

4, FERxiG o dap EfA M- iR FRV IR Y, 2012 ¢ ERASES
¥ 22 EEpHHEwm £, B E g2 20120

5. GT-Suite, USER MANUAL.

6. M. Sara, J. Y. Chen and A. C. Fernandez-Pello, Fundamentals of Combustion
Processes, Springer , New York, 2011.

=

13 Combustion Quarterly Vol.21, No.2 May. 2012



BARAEIREEITURAFE LAY

Reuse of Harbour Sediment by High Temperature Brick
Sintering
%:;—p*;;gl‘ FA N B
Pai-Haung Shih, Li-Choung Chiang, Ying-Lin Chen
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Environmental Engineering and Science, Fooyin University
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Yi-Kuo Chang
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Department of Safety Health and Environmental Engineering, Central Taiwan
University of Sciences and Technology
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Abstract

Collected harbour sediment was blended with natural clay and sintered in
elevated temperature for brick making. Appropriate replacement percentage of
sediment was investigated for the future engineering application purpose. Basic
characteristic of harbour sediment indicates that composition of sediment is similar to
raw materials of red brick. Further experiments on physical-chemical characteristics
of sintered bricks indicate that 10%-90% of replacement of harbour sediment could
meet the [ CNS 382 Bricks for Building] second grade red brick criteria. In addition,
the toxicity characteristic leaching procedure results show that, regardless of the

"WEAKASBRE RS FE L gl - E-mail: plo10@mail fy.edu.tw
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SEEAKAERBR LIRS HE 0 AL
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harbour sediment replacement percentage that there are no leaching phenomena of
heavy metals from the sintered bricks. Combining the physical-chemical
characteristics and toxicity characteristic leaching procedure results, harbour sediment
is feasible for brick sintering, and the technique could provide as the follow-up
resource recovery direction of harbour sediment.

Keywords: Harbour sediment, red brick, high temperature sintering
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Table 1 Granular distribution of sediments

Sand fraction (%) Silt fraction (%)

Clay fraction (%)

Lafhaj et al.(2008) 20.61 74.43 4.96
Chen et al.(2007) 7.8 82.8 94
Table 2 Chemical composition of sediments
Oxides (%)
SIOZ A|203 CaOo Fe,O3 MgO Na,O K,0 P,Os5
Lafhaj et al.(2008) 5433 822 1089 1427 1.72 0.68 1.49 3.49
Hamer et al.(2002) 63 11 1.8 8.3 0.9 1.9 1.6 —
5.0 e 150 200 o 10
—:; o 9(:’% —é‘: 500 Gé
T 2 3 i = e " "= 2 3 4 5 6

Station Station

Figure 1 Concentration distribution of heavy metals in harbour sediment (Chen et

al.(2007))
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Figure 3 Weight loss on ignition with harbour sediment replacement
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Figure 5 Compression strength with harbour sediment replacement

Table 3 TCLP data for brick with harbour sediment replacement

Element (mg/L)

Cd Cr Cu Pb Zn Ni
10% harbour sediments replacement N.D. N.D. 0.08 N.D. N.D. N.D.
20% harbour sediments replacement N.D. N.D. 0.08 N.D. N.D. N.D.
30% harbour sediments replacement N.D. N.D. 0.10 N.D. N.D. N.D.
40% harbour sediments replacement N.D. N.D. 0.12 N.D. N.D. N.D.
50% harbour sediments replacement N.D. N.D. 0.13 N.D. N.D. N.D.
60% harbour sediments replacement N.D. N.D. 0.14 N.D. N.D. N.D.
70% harbour sediments replacement N.D. N.D. 0.15 N.D. N.D. N.D.
80% harbour sediments replacement N.D. N.D. 0.16 N.D. N.D. N.D.
90% harbour sediments replacement N.D. N.D. 0.16 N.D. N.D. N.D.

Regulatory values 1 5 15 5 25

N.D. : Not Detected < 0.1 mg/L
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Abstract

This study was to predict the reactions of exhaust gas reforming (EGR) with
hydrocarbon fuels by chemical equilibrium theoretical calculation, and the
characteristics of H,-rich gas production were demonstrated. EGR is the new concept
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drawn in recently. On the basis of this idea, the emitted gases (e.g., steam, carbon
dioxide, etc) from combustion processing were reformed with the added hydrocarbon
fuels. The methodology was using thermodynamic equilibrium based on a
minimization of Gibbs free energy. As a result, the equilibrium composition was
determined. This study covers two subjects. The first was to evaluate the
characteristics of hydrogen production. The second was to confer the features of
Hy-rich gas production with various hydrocarbons under EGR, and the feasibility on
vehicle application was also considered. The aim of this study is to determine the
parameters of octane reforming on hydrogen production. The results would be helpful
to improve the fuel consumption and exhaust emission of vehicle. The predicted
results showed that the engine thermal efficiency of 28.7% could be improved with
the exhaust gas reforming. Consequently, the goal of energy saving and carbon
reducing could be achieved.

Keywords: Carbon dioxide mitigation, exhaust gas reforming, H-rich syngas,
thermodynamic analysis, minimum Gibbs free energy
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- Formul
Reaction Chemical equation reaction
(kJ/mol-NTP) a
Dry reforming CgHig(g) +8C0O5— 16CO + 9H,( 1588.0 (1)
) CgHig(g) +3.764CO0,(g + 4.235H,0g) +22.117 Ny

Exhaust gas reforming 14140 (2)
g 1176CO(9) + 13.23H2(g) +22.117N2(g)

Steam reforming Cngg(g) +8H,0 @ 8CO(g) + 17H2(g) 1295.0 (3)
CgH1g(g) +2.4C0yy +2.8(0,+3.76N,)

Auto thermal reforming o 29 ? 7o ~0 4
— 10.4CO(Q) + gHz(g) +1O.528N2(g)
CgHig(g) +4(0,+3.76Ny) (— 8CO(y +

Partial oxidation o ? 7@ @ -676.0 (5)
9H2(g)+15.04N2(g)

Thermal decomposition CgHgy— 8C (5) + 9Hy(q) 209.0 (6)
CgH1g(g) +12.5(0,+3.76N,) (— 8COy +

Total oxidation o ? ze @ 51160 (7)
9H;0g)+47 Nz

Oxidation reaction C+ O2(g) — COyy -3935 (8)

Oxidation reaction Cy+ 0.50;, — COy -110.5  (9)

Water-gas shifting CO(g + H20(g) — COyq) + Hyg) —41.2 (10)

Reverse water-gas

o COxg) + Hag = COg + H20() 412 (11)

shifting

Boudouard reaction ~ COj) + Cy— 2COyg 1725 (12)

Coal gasification C+ H20¢ — COg) + Hyg) 131.3 (13)

8CO, +9H,0+47N, +xC,H,0, _>18sz H, + 8+ nX)CO+ 47N, (14)

8CO, +9H,0+47N, +xC,H,0, - y(aH, +bCO+dCO, +€0, + fCH, + gN,) +hH,0+ jc  (15)
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Abstract

Carbon dioxide capture and geosequestration is one of key greenhouse gas
abatement technologies in Taiwan. To assist and accelerate the pilot-scale and
large-scale demonstrations, ITRI has establish core techniques for site evaluation,
monitoring, and numerical transport simulation for geosequestration in Taiwan. We
have developed joint geophysical imaging and shear-wave splitting techniques to
integrate seismic reflection, microseismic and magneto-telluric data that can reveal
more detailed insights of underground geological structures in potential injection site.
Numerical transport simulation technique is also developed to predict the behavior of
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carbon dioxide plume during and after large-scale injection. By implement these core
technologies, we have constructed a framework for site evaluation and monitoring,
which will provide a good basis for site planning and monitoring strategy.

Keywords: Carbon dioxide, geosequestration, joint geophysical imaging, transport

simulation
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Abstract

In mid 2008, the government of Taiwan has announced its Green House Gas
(GHGs) reduction targets and schedules as “By 2050, the annual GHGs emission
level should be no larger than 50% of the level in 2000”. How this goal can be
achieved? There is no common recognition about this issue right now. The fact is that
people are generally short of the knowledge about energy supply and energy demand.
In view of this, people would be not able to rationally think the way to mitigate GHGs
emission during a one-or-two hour activity of education. This study developed a
Taiwan Energy Educational Model (TEEM) in which energy supply, energy transfer,
energy demand, energy utilization and the emission of GHGs are included. TEEM
make the user easily understand the relationship between the strategy of energy
utilization and the target of carbon reduction. Moreover this study also built up an
interactive interface for negotiation among stakeholders with respect to energy policy.
By using this interface, it will be easier to educate people how to implement tasks for
energy conservation and carbon reduction (ECCR) “wisely”. People are able to check
the feasibility what they proposed through computer simulation. Overall this is the
outcome of an integrated research project. We finally develop an educational tool
which is useful to the education of carbon reduction through a series of analyzing
knowledge structure, analyzing energy system, upgrading optimization tool, designing
scenario and developing curriculum.

Keywords: Energy model, carbon reduction, computer simulation, decision support

- \-g‘j;
2HECE 2 FAFTE R G T 20 TIRB NP FE

ko A3 hEE - F FEY > AT ES08 Ao XA KT F i
BACRTRFTL 20 PR LA S o gt 2008 #5727 R F F HE
£ 0 #2016 & 3 2020 & B w 3 2008 & £ § ;3 2025 & % 3] 2000 & £
SR 33 2050 & w 3] 2000 &R R 500 0 ) B T T RE | P D B T
TGRS o RFy T FE SRR D R o Bes K F 4 2025 & K-
W B AP NG R BIE T 55% 1 T~ d B B s T A 0 R Rk AR
500 « ic Rk & & T I d 2% o Bt PRIz E A QB p L & 8w
HOREFMPpEPRZFAOMEMEL R 20T TR Padndtmeost g ~ T

51 Combustion Quarterly Vol.21, No.2 May. 2012



LBEREA KPR hR A TR LB MR R
Pt 2Ipag AT R SR AT R B R SO SRR R R A R
A p LR

N N PR a S T AT T S e

)]J"«l—\" gk LPEL o Summers [1]K 7 M- AR ZENE P i K s @
AP IR S RER S 2HEC LI A SRR AT AR RES
Pos ) 52 ) B Wﬁﬁﬁ TRE 2D P LRIFT IS
TfEDFIVEL R RGP 5 LR T oA o DIRAE T 2 ik B
FRFO LI FZEBEIRFHEHF L ATE B ek ez B2 B £ 1

SF PR AEIHE R eI AR - B R PT SR
SRLE B & B G 3 Fa I o Papadimitriou [2]#7 B SER SR 3000k~ F
REBE L3 %%$&ﬁm*kf%ﬂxﬂiﬁbﬁf‘@%ﬁﬁ&éﬁﬂ’

/s

L
Fr 7 Frdeie &Ei}a«%ﬁﬁv'hﬁ‘" SF Rt HfmIF LF LB EA {0 RL
e

ﬂ&’ﬁ%Qéi—ﬁ@ﬁ%ﬁ%%\ﬁﬁ‘*i\%?ﬁﬁﬁﬁ%ﬁi%
R B AR jﬁ*ﬁ*sb o R 2R PR 0V A B A o IR
FBREPN R 2T Rad d 1 g I - Ingason [3]11%2 [ N N
(AN R @ﬁ&%%ﬂﬁxfi PR E R AT F R R AE R ER 4
HG R R m ARP R F R AT AR AT R e S ATELRE F R
—EFoxanTESE o ¥ - F g REAEAlN R R Y R o Iniyan [4]R] 2 i3
e RS (MEM)FERIE ~ £ 2 4 2 @50 R F R T i R-EA
B BGV(MPEEE) M B 155 U4 T F * o el - B e e d
EARBA O ZI* 222 THEPF T2 XA T AERIAE T R
HAE T B T A EA T 447 o gt ¢h s 4 £ % University of Regina &0 Prof. G. H.
Huang (% Blfr##2) BB # B - 258 kAo BB giwmi S E£0 Rk
EF iR A AR R R RECE] 0 R R K A Bk A + %4 1
St A g L & < ap 4 Waterloo #% ¢ F it Rt K 2 3= B4 [5] o 1T £

k,uw%bﬁgim\;ﬁﬁ’W%iﬂ?ﬁ’ﬁ%ﬁiﬁﬁﬁﬁﬁééﬁﬁ
“f T REAE ZEFNF R ERBERT FRM AR AR E
E%wﬁﬁﬁo

Mg Z[6inidrbkRAffe 0 R AEA G - A AP R A7 LER Y R

el
EH - BRELIF LT ﬁﬁgﬁfé_ R E L kR T EE?&JE“ZL’— v in Rk
FANEWHNEFT BRADE G F 5 ERANERIEAE ZZ T o WA ROR e
£ ¥ 5

Arik- B AF Lo d i REe 8 T S RS

—

FCRFCH B B

52 Combustion Quarterly Vol.21, No.2 May. 2012



oy

PR R 2 F T ARG FR DM G- LRF L AN Rt kR
P s THECTERI AN PSS A Wk HaPa g TR B
PRV R F AR fr g B AR R R bR R R
ST AW RZEFARARRAP R EYPD T 0L BRATE AL 2 ER A
B2 Ak o TP oo AT ARA R Rt Y EE > A G

TR aRE L AR LM B A RN R ERER Y E TN

Eﬁk"ﬁi’ FIPLEE Y - 2 'l?"]‘ﬁ‘-é:*méﬁﬁﬁz)é“ﬁ?i?f_%ﬁﬁ_t‘ WALp & RiEhs
Mo PT R - BEL T RRES S F R R EE R F AR S eakd

e BE T G R

ey

% ® Climate Interactive 2% £1:¢ 7 — B it BA KB L sy hsud B 80
;ff}‘l'lﬁfh’; g;wﬂg»ngﬂﬁ_P;fr ’;ﬁé’l’r—ﬂz MRS S B HRARL R m/i‘aidi‘f"‘f:f:
¢ ﬁ")éﬁf\gﬂ‘ff’m_fi—ﬂ;bﬁ'* m‘a’ﬂ&’lz"«k" i {4\“9’u 111 ﬁp"‘ﬁ’é’lé ’iw

Blirfee SR * v k0 REfAahAREF BB SRk AREF EH
F|H[7] o AR B 2010 £ 2 R A £ 5§ Rfrkm g B E e e C
T RAEA RN SRS T g TR d RN R < A
IR Y st

ﬁ%ujﬁpﬁéﬁyﬂwmb R Y& Sl s %
e s & - BV MHER AR gt E B 7 B3
WA * K G FIREAROERERT SO FEA & Sy APy A - B
?uiﬁﬁzﬁiﬁTﬁﬁélﬁ’%fﬂuﬁﬁ*wﬁﬁﬁiwﬁmsotm
hEE > & TR KA AP hE F et B E SR T 2 HiEA
PR OURMERLEL T L A LS N RAREIT% > 2 P R
ﬁ%?%ﬂ’%ﬁﬁﬁéﬁﬁﬁ’ﬁiﬂ%@&%’Fﬁ%ﬁ’éﬁﬂﬁﬁi#

2EARRALANT F o AT AT BN RIS FET o B g
AR R aRAL E L TIRAE R F e gERG Rk id g e
ﬁ%’%éfﬁﬁWﬁ%@iﬁ’ﬁﬁﬁﬁhﬂfsL%&fﬂ&g{$ﬁ$’%ﬁ
REAF AP E LR FFEP ROITEL S pES LR

A*
A&

“r

ZNB3iE
TEAFE e RETEBOF T E AP SEFABEBRE T TRE SRR
T a2 R pROTRSEA T TSR FREF R ) F T
BASFBELF DA AARKORNEE STRIRER 2 S Sl 2T AR Sk
AR BT WERE S EEG L F TLINDOAPI itz g g M
PR AR R TR E ) B L EAFBBRRELE F T EAATEE
2T geBsh 1 0Fe a3 4P AR 20 2 3407

53 Combustion Quarterly Vol.21, No.2 May. 2012



2.1 @B s T

THGEA AR TR - AV ER NI BB IR METRF R A
BAMEY M Y it e it e & ﬁx}:» ¥ denr LFELE W
(Concept mapping) » LA H-¥ A2 ¥ 3 s PRE A F A el AT 1R
FRERAS e RARBIA Y ?%gr} B E ML= 5 VR Y i L
P H it 1:#[8]

2.2 ket

AR st Ho B R RR R AT BiE
ng;apllpgb,}ﬁif;;ﬁiﬁ,jmﬁ;\l-&ﬁ@%’b’1@%%:} fe R T BoAl 2
]
2

A TR

A
BRI 4
Wprg ¥
T E 2

7
] as
2 At
BB S ARG RREFER SREARERSE TR RS % p
TPk Al > TEFIMZ I LA - BEE i
%?&a?;g 4 é] &7 ;-3‘;%3—&:‘“/,}’ ﬁ A 7 FE’#?‘?“;‘W e B %%1_5:1 p;,xqﬂfljlfﬂ-%'r s
R A ARB R TR LREM A ATV F LA L RR B
B2 L A LA T o

2.3 LINDO API ig i+ 2

g;g@»);ﬂm@f“@wu*l ggg;m’#wm “f8 5 : LINDO >
LINGO > GINO > GAMS > IMSL % » 32 75 Rtk 5 % 2 Ragahit * £ 4
BOLE G N A wﬂ,&/%m@wﬁm »#2 ¢ 12 LINDO rrn%’ * & % 4 % >LINDO
FOARMECA R S FERCE] - A AR EA AR s 2 e Al R iR
2 ¥ st 3 Matlab ~ Basic ~ C++% C.Net(CH) %33 o
PEF AT A e nE R LINDO £ 8 ¥ A X A2 s A fBprf it *

¥ B ARSEFRA 0 2 BRI uE B BER R
B N .@i@ﬁ;; 4o TR A LR B T i
Fo R BHESLINDOF 2 B (s ﬁ}u? 2% 4 LINDO p 22 ehif i R 2518 >
EEFETPE SR B NBEEAUEE ARG ES -

F1% LINDO 5/ 4p % 37— Serfic® 233 58 ) A LM k4t *""‘J SElE RS
A o om P F R dE AR R > LINDO # 5 3% 5 chip it e v EH > 5
I PR 2 e e AR R rﬂW%kﬁ?w%i%@ﬁﬁymﬁﬁﬁ
NI g o NI AR AR A1 S BB 7 7 0 LINDO H %
e SV LG AR A e o

2.4 FHK ey B

Lairi SRRl Ry T FEAIRFE - ANPE DR ER TS
BRI R s BRI O EF e d PSR o F B E g R - i
FRAFFA R FARE B RRT A E I BN HRT DI AL
AETLENRKTEATAE I CEAEIIEL D B4 % T iRy

54 Combustion Quarterly Vol.21, No.2 May. 2012



TR E 4 i

R
ﬂ;l,‘“P\75?”5?}?3?‘73WIE*’?'UE%}’Av\ | E i R ﬁ:f;‘]ﬂ\%‘l’m;}
R PR A BB Ao A1 R T R ASS R u£§4mwmﬂ
‘%@r@—)°
BB RKT R AR AR RAATHROEE > SR
%‘a@\ﬂ%%\lphaﬂﬁgﬁaﬁﬁy"@iﬁﬁﬁﬁﬁxwiﬁm
TR ATHETHES ﬁ?‘s?a.%s—‘\ SRR 2GR s & A R el
ﬁ%&‘u@ Bl g $4w€iﬁwo?fW@.LmDomETw
R ARARTEL AP I ERRLAEART AN AREZ B A7 2
Wgév%ﬁz%mﬂﬁéﬁiﬁﬁﬂ IR BB KT AP R R AHT R
Biteni * R FA S oAz 0 e A AR - 1 2010 E e P
ToOFB D 2016 E i e R R B 2021 EEar e BT E =
BERE TP AL LT K> £ 3 2025 28 3 § P TEEEF W T
2000 E i Fh i A9 SR PFE AT EF T UL E KE P b
BE R ARG R L o AT BRI A AR v fR o P 2R
%ﬂ~$@%%ﬁ4¥§ e i e P e R o N S S e g
EREGEC] MHH%CiﬁﬁH?+7riﬁﬁﬂwAAﬁ@Jar B il
iif?é*»ﬁéfﬁfgh’ FrKTIAFERS T4 E- 7 FP A2 a0k
R *“ﬁﬂJ
(1) zrkegi g R
IPCC s34 ¢ »T 2zt | cnE & TREEF T g | T
oo T G TSR oA TR, A0 M TRER 0 2
sheg it ird R enir B £ 320 T izl i e STRE RS T a
Filb A e L E riﬁf“*r%%‘fﬁm:é’mm"v e THTm2 Ti
LR OTRE EATRG] TR B e T %?@%f 2 FRLE N
Vi oo A drheg M ABF e 2 2 e THRE MRATEA T H B R HE TR
4ESN TR EE uE TEgRR -
(2) wREA 2 R SHER R
SN REASAABERLE TR REL  ZRELTHRT R 2 TR
B 45T Thri iR TR R 0 R A s R S e R S
"R kK ﬁ#*éyﬁﬁﬂ’%gﬁﬁrﬁiiﬁJﬁr“$ﬁ4#J
r%* it FERBEESRRR PERT A
e FEERGN 23 G oo ATEG Y o 3 I’d,;ag,wzﬂ; SR Jyrgaﬁ;J‘ %8
T R AP Ry ) ARG S TH e R REau R R T
heg i kAR 2 2 B ST MY 2 oReg L RALY R - TR & g R T
FTER THB RSN RARR AL L T H ARy R RERE

1

_|

Mol TR R B T F 53

55 Combustion Quarterly Vol.21, No.2 May. 2012



LT R TE g

2009 & 2010 = 2011 #

7% LINDO
APl 2 3¢ i

W mEeT 0 LINDO # &
g {7 i R
TR

R AR
g rrhagic
&R E R
B R P
A REFE 2K
B 5%

Rk 2N
82 4

SRR T
el i

ZA4 E- T
Eod: SR
A

~

S TN
Ao R ENTE R
L&

& e R PR
F

Web 2.0 & # /4
RAH®T
Y 4
i A
CH K
5%

ot B2 R
GARE S 4

# £ LINDO
APl = C# B
FI3E R
H 3w

B3 & et

i‘?g%kig\& f:r =S
2 B 7 47

drfe A58 &

FR R

R PR
2R
Er H RS
A% T
A2 B

H iR ET
Bl kS

W RFCR 2

il B

Bl- ~ 7 B ARE G R iR e

56 Combustion Quarterly Vol.21, No.2 May. 2012



A T e LR e TR REa 2 A dliE 2 A p R T &R
Bz koo E S T RRECR 2 AR g% Ay gT,—,' FoFE AR - R
57 0B g Regina * ¥ BB 1 AT RT RrkBBBEILEY » ZBF
AP BRI - 2R E MRS TERBEEAELA T ERNRET A
T A2 BB EF R R A P AP R SN E AT A g NP
A E & Ay Waterloo g R >~ RSN XTI RDFREG S
ARG FE%K o # PR B - i‘{j e 0 B
LINDO i it 31 & 8 &2 53 58 s B> & A K & LINDOARE T it ¥
s A 2 5 LINDO API 2 3¢ enig it fs‘f_‘ﬂ" o

A FHs BEFFIIARY AR TELNL SRR ERE F 4R
HACi s L P R F AL wwt 5 it nzﬂ%f* EES LR
JEE R FORE R FERI BN i a8 bR B & ¥
?E%@ﬁﬁ’%#ﬁﬁﬁﬂﬁﬁ%”gﬁ%mpﬁmoﬁﬂﬁﬁ Figng
AN SEPORRTE RS R F MR B R A
Eﬁ’#*fibb%%q*i@‘ﬁ?;\uﬁli—;il Eoan L A fE e

<P2@%%ﬁﬁlmﬁ3921ﬂim0349MBﬁm@ﬁ§?’$%
Kok AN RHE ) REEPRT ARSI EN Y B A B (I
Wo)eF25d Baaugfed > SEN e % 5 o R NGB 2 5 B enil R
FRMITE GRARDEF A LIRS BRARR Y F 2 S Fas ¢ Bk
FoE: DS EA o

i

CREAK gp i

Blo >~ Mptd g AL R As W HEHE

31 S ARk A R e
AR Y /%Eb T WA R Y R B S A SR YR K A 4T
R KR BIBT BE R o AL R A R AR T
WA P i R Rl 0 s R R R T B (k- ) 0 R
A R G AR RS T A P E e Y RS

57 Combustion Quarterly Vol.21, No.2 May. 2012



d A~ m RS Ede s BT A d

E

CERERS R AR R KT

Vo DB B R RITSERE F T 2R o

H3 A o S R &

Eéw%!%}ﬁﬁ: ¥ ﬁ)’:r/‘?ﬂb/};ﬂ?( ’]‘Ey:‘q' Fz?f hﬂr/?f'ﬂb/}h:l /—A’]‘ii']
g4 °
R
xR F .
B # ° °
B A °
Fo i iR
k4 ° °
= B i ° °
P SPE °
e h . °
% it ° °
LPG °
LNG °
W o
A °
FR e J
TR °
£ R °
W P °
b ] . °
BT PR °
EC
el o ° °
B °
ey ° °
tp i .
Y .
ey °
BE A& o
RDF °
S Uia i § °
4R ° °

32 Fk
ey

»

edE i R P B
‘,—’q‘;hli o AR IRRT i

3 Ea24f & LINDO AR ™ #7407 sh #8401

58 Combustion Quarterly Vol.21, No.2 May. 2012



1B FER RSP LBEEAR AN A HER R AL ED L o EY
A Ij'l_ﬁif—' AREFZ LB TN AFET R FICEERLENR
T A2 N F > 12 LINDO APL & E it i L 3> 3007 5 83 k7 #iE
A enF & s £ & ﬁ}_;\ IR E AR T U E AR p’h{i‘ feipens AL R 2R
RRF e enT $o 58 T iicie o AR B A TR T Bk e
fe o B e BRI iﬁ; Rz 7 &N i B R F BAck - T
£ RFRE SR T R T B A R
LINDO | I #5;% | » ”
- o NEEE A R
K-®-2ra ARTHR | EER | Y “ s
o o Pl | R | RRLK
(RS 7 b
& * %% 3 & LINDO 4l .
F 3 E ° ° ® °
");ﬂb/);ﬂf‘-"géi‘k‘ﬁ- ° °
& CH# ° ° ° ° °
HTML . . °
B
s ASP.NET . . o
* CSS ° °
=~ AJAX R
2
;“ LINDO .
=T
v LINDO API 3 . . .
-
33 im e

g% 3L
AEFEEIBNAR SRR S (B )F &N R KT HRA
e 6 A I PR K DR A R B e 4 B Y »\zﬁi’
figpendkd o AR ERY ’%‘?”'fﬂz Efﬁﬁkkﬁilﬁ’ﬁﬂ)"é}&‘ﬂw’é&
Pa P FAIFE A A RHCA] S LINDO AP B 1Y 425038 8 - Ad G b BT sendg
SRR BY
.

e

'fﬂz?"i/P\”’ FERTIR B N = o7 S LA 1 I o 'E‘Fﬁv‘\m

AR LA BV F RS I ARRA R S T R LN A
Er L etd e i't‘é?lgi SN LERET F e @ B4 E ’é"’]‘#‘fii;ﬁﬁ’:;\m
AR AHERRAR SRR OREKE  KEF S T gd TSRS
,gg%?ﬂgs%z%g'% BB Lo RERL m,riqj,%%-t[,ggé?? ’?]z‘zl‘iiffi
PR memp 38 i F B LY AR g% T FE A S

\\\Xr

—

59 Combustion Quarterly Vol.21, No.2 May. 2012



.. xptornc (531 4936561 1 e

o ) AOREQ IAD HOD « ARRBENIRY -
nonx |4 T
ez a-a - MRD- RERG- IRD- @ 7
TRAANSEY  werneessee BEEBRKRG RS AR
: R REE SREERTHARAAR LA
ER
Stk ‘ ESTPEEY P
%ﬂma EEETAENE . WERR acemesnes EDGamel EDGame2 A e AW | RATARRS
e RTOREILS L Tk Rop Ak B ) XA AR TG T S &
t e IR ﬁ‘*ﬁiﬁrﬁ‘&h’)éﬁﬁt:&*ﬁ‘l‘%&i&&‘)ﬁ c BT ruﬁﬁ&i
sy s G o B g 89 TAF b o A S 4Ry F o MM SR R by B Y B AR B T DABIEE
s k&i#gﬁaﬁﬁiu&zs& ARAE AL B RARRR R ) BARSLIR
6
L3
S= gy ehE
e
RmstRTSE S ot

H e Web2.04%

Bl= - His5%w2 Web2.0 553 & 58 iv iRl X 4 f7dic e
ﬁ?%lﬂﬁﬁF

T A AR ELET T Y TEE AR EKY T A et
ﬁ?l ingﬁéﬁmgﬁﬁﬁ’uriﬁﬁﬂ‘F%%ﬁﬁﬁﬁﬁﬁ%
% LfEch FL P X &“*&@.&“ﬁ% R 13 #% R 46 &
E RN A SR T S R W%ﬁ@ham§m£¢' CFiERBay
R E R T R AF LA E I F L c A ZCYE)E A B4 SR
FE AR B BRSSPV RKTHAT LA A G 2 &
R E R ZEA R RATEET A3 F 2 A AR BEIEL R
r i RRFLEL S 2e o

3.4

FTRS &

-

SR RFT WA S22 6 LINDO kil it grat o T oL Ak K A
ﬁg;ﬁ&iﬁi&ﬁ’ﬁiﬁﬁﬂﬁﬁﬁ?ﬁ%ﬁﬁéﬂﬁﬁiéﬁﬁﬁ$i
SR EF PR G FHE > MW AREIABRCERAEY XA 2 jzi
3041 L—i‘ik\’f‘r‘*%sﬁrﬁ'ﬁ%#—& Benfrmmis s o o B % % 5 migm
i\lim’ﬁiliﬁl‘%é :?I's oo % Derl/ei\pil’zr'/§ﬂb/)g‘l§I KA L+
S BBALN B R - B R 6k AR XS i o en
P> U azkegie '?% B R R R ﬁ,;}ha}%,%ﬁ I LI a4
MTAEL  F B8 LRz E2 2 T8 ERABFLEA TR

o RFT S I I RN A HEEFAE ALE

PERERTRR B MR THRCOSEET O EY F5d TS AK A4

St A 'iu“ do 3 B Rk AT R R T R B Y 4

PRk 2R RE Y X ﬁ%kmiﬁﬁLamgﬂﬁmﬁ,ﬁmﬁJW%
BEA

p)

60 Combustion Quarterly Vol.21, No.2 May. 2012



\'.: N r/‘?sb/};ﬂ?(
F AP

u—-‘q,

T > lﬁ»ﬁ,—
<B4 g0 R E R 2 M E
oA RERT BV

A3 AT

SEET S PR LA

Mol ¥ s B el i

(1) 23R 2 F M RERREFENTR

(2) 7 FiRAFEE R F R oM R (1
T R R o P 2 TR E)

(3) & it & iR ER chl 14

- (1) B 4 8 R Fahii i ¢ 2 457
# . (2) 4 & R FIRRES § 2B
B2 G fRfRe 2okeg it Ap
@) BEfHp eI EArms (GWP L& kiR
BE TR B (7 B vs 2 ki 4 )
%
BE chioakAp 3 2 B anbd
(4) £ 2 5% Reniy fe 8 4
(5) == F-24p B e
R ER R tPAR S 3= AT
. (1) 75 2ok it gy &2
S E g LS T g oh
wE P (2) LFins 2okt A ggE b & a7
(1) EFis ﬁﬁi%’?ﬁ#"‘gi‘g‘{-ﬂ-— l]}&mﬁ
x?
Eg\ 5 v PRIV N ) .
(2) Fwms o 2T R f oG 27
B R RS S R 5 S
B R () LFML 7 & FAEEL FOT A G
Frsb/ L 49
@) LEmLed e 4z Epumg i &8 o i
wE?
AFAGRAGMIEERE | (1) LR P T RN ET 2R & F i RB DKk
Ao AL E S 5N T E_E e?
<B4 F R g i
(1) 2 fumsic o b ey 56
b B s B ’
=
(1) IR FA £ B & i ok 2 fmg 1
- AEA NEIRE B R R g
(2) #PR T3 LA R &R
F—J—ﬁ adkay iﬁi"'%nb,};\-ﬁ,‘i L
OIEYVERES M-S S-S 8 SCE T $--1
\$%¢§%
1. M. Summers, C. Kruger, A. Childs, Understanding the science of

environmental issues development of a subject knowledge guide for primary
teacher education. International Journal of Science Education, Vol.23, No.1, pp.
33-53, 2001.

V. Papadimitriou, Prospective Primary Teachers' Understanding of Climate
Change, Greenhouse Effect, and Ozone Layer Depletion. Journal of Science
Education & Technology, Vol.13, No.2, pp. 299-307, 2004.

61 Combustion Quarterly Vol.21, No.2 May. 2012



w

H. T. Ingason, H. P. Ingolfsson and P. Jensson, Optimizing site selection for
hydrogen production in Iceland. Hydrogen Energy, Vol.33, pp. 3632-3643,
2008.

S. Iniyan, L. Suganthi and A. A. Samuel, Energy models for commercial
energy prediction andsubstitution of renewable energy sources. Energy Policy
Vol.34, pp. 2640-2653, 2006.

Y. P. Cai, G. H. Huang, Z. F. Yang, Q. G. Lin, B. Bass and Q. Tan,
Development of an optimization model for energy systems planning in the
Region of Waterloo. International Journal of Energy Research, doi:
10.1002/er.1407, 2008.

Mgz REFBEAL I FRANVADGAF AT R SEH S48
pp. 85-122 » 1998 -

Climate Interactive, http://forio.com/simulation/climate-development/index.htm,
2010.

LT s 302 30 R e B Y B AR R VR f&@*ﬁ“‘ﬁ#% L]
Wi 3 23k g o fr= B H T8 % 423 > pp. 1-16 > 2008 -
EEH R R ERP LT AT R FREHCRERSER
o i pgEFT 514 % % - ¥ > pp.2-12 5 2010 -

62 Combustion Quarterly Vol.21, No.2 May. 2012


http://forio.com/simulation/climate-development/index.htm

B TR R 3 PRI R
Incinerator operation and dioxin emissions forecasting
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Department of Environmental Science and Engineering, Tunghai University
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Center of Excellence for Environmental and Hazardous Waste Management,
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Abstract

To settle the controversy of waste treatment and disposal, Taiwan government
selected incineration as the major approach to deal with increasing garbage since 1991.
Though incineration can reduce the volume of waste for final disposal, the public
devoted much attention to the health concern about the toxin pollutants emitted from
incinerators. This paper proposed a neural-network-based approach to predict the
emission of dioxin during the operation of an incinerator for planning an efficient

monitoring and control strategy.

Keywords: Dioxin, prediction model, Artificial Neural Network.
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