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5.2.2.2 MNATUIITAAUAUUVTNIINT — symmetrical hard limit

o

- AUMTANNAUNUT :

y=-1 #1 n<0
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{ { 7 ] 1 ) (7 1 d v g ]
Tounmnzay U 5.9 uaasdsedimionodinsunslszanumilsnsudaiunions 2
3 3 = a 1 a = Jd o 1 a < 3 4 A A &
Fu Fuusnilaestiisou uaaziasoudilsndume Tounnudnuesasn Fuo1aNailioInilg

a v 1 A v 9 A 1 aa = a Jd a9
wrsoutazlangsunie Tounolansuiduns NIDVIUDUNALAYY (0M91Y AT1NI,2552)
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@ 1

A A ] o o v J o
g']J‘VI 5.9 Arog1nso U@ UMsUseunamlensu

533 a3 MATLAB lumselneaay
11! MATLAB Neural Network Toolbox ﬁ1ﬁﬂﬁ1%}1Uﬂ15ﬂ%}1ﬂlﬂ§6ﬂhﬂﬁﬂ net =
2 o 9 A v Y A v A 1y N Y
newff ¥99znsas 1 evietou laldan eiinsadruasevrsaremidadnadundn
A ] Yy o W . A o < @ Ay ¥
WwANIToNATaUAT U8 laa8f1d9 y= sim(net.p) TaeNduals net iJudulsildanms
9 A ] o o o 3 a Ay o J s
A319A30U10A0ATS newf fa1ls p riludunandosnianaaey tazdnls y 1ueiane
A [ a o w a 9 A 1 A Aa 4 oy o o
1NIAT 01 WITUIATTI newff FI9AT AT DV BN IA VAT NFIMT N Ty enuas luda
A 9 g9 [ 1 o c?/‘ A v oA dy 4 AN Y= Y 1
Sududeigu aaiudonageunuovuua luvae i eianan laveannsomam 1deg la
3 Y, J @ { [ 3 o o
Wy ladhwueuSedlanduingidesnis lumsinaowasovieiusz 198149 net =
. { o < 1a A [} a
train(net,p,t) IaeNamls p uag t ifugdunasimuiendessmsliiniodiesoui Taslnd
9 o =2 & o Y A& = A 1 Y =] a o
&2 s net Fautludnals Inseadnnnusieazidoayduasots 1 aziwmsumes nielu
~ Y (o 1 = 9 Y ] a v 1 A Aa J A
nawsalslsuunansinaouaiudesnisle @189 0wmesaanalyy (010ad f3
14A7,2552)
Y a 1 1 ad A
- Net.performFcn : Wm%uﬂsxmum (ﬂ”lﬂﬂ@]ﬂ?) mse IBmean square error)
Y 1 a
- Net.trainFen : W9AFUMIHN DU (ﬂWﬂﬂ@]ﬁﬂ trainlm)
. Y a Al [
- Net.trainParam : 1U5znov l1drewislimes gy
o = U a LY
- epochs : 1uIUTBUGIGATUMIHNTOU (AN)NAIIAY 50)
- goal : maANUAanMathyne (Madmidy o)
- min_grad : AunsiRuNTiosiga (A1nAamny 1x10™)
) d‘ =2 U a v w
- show : 9MUIUTBUNVUEAINANMSTHNAOU (A1nAmIND 25)

a J 1 dy [ ' Y Y
WITTNUODTAN ) mammmsaﬂimmﬂﬂmuﬁmms
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53.4 WamInaaou

] A

msszyendnyaialonievisuuuunsnau ldiinisnageunuyadoya

U
v

Y
8n31M3 InaFem@uiiny 100,120 uag 200 m/h Tasldyadeyailnd nugadeyainiunms
ulaalvteglugdasmsiuuimadeu disumanisaaeuLaaIRIA15 19 5.1, 5.2, 5.3, 5.4, 5.5
1AL 5.6 MNAIAY
d o a =
= Net.performFcn : Wansusziiua Ao mean square error
. s o = A .
= Net.trainFcn : NINFUNTHAAOU AD trainim
. v a Al [
- Net.trainParam : 1/5znouldrems1Tines doau
- epochs : 1IUTBUFIgATUMTHNTOU AD 8000 SO
- .goal : mANUAANAAKhHue v 1x10°
. ' a Ay A A -10
- .min_grad : AUNTAIUNUBDENGA AD 1x10
- show : $1MIUTRVNILUAAINAMITHNAOY A 200
d’ [ o [ a 4 [ A a dy a A
A1319% 5.1 aydmanisTuTdsunsud msunIsimes 3 a2 A UTuasoInaIrINIa,
a dy 9 a A Y A v o Jdo o 24
Ysmnadid wazguugiuinamw lvil Alianuduiusiudasins lvavewne

& a A 3.a = A 1
IBDLNANIN 100 m /h %ﬂ?i?jﬂﬁﬂmﬂi’a"lﬂ&lmﬁ il

80313 lia /2 y . MSE
o 2z - languaio Tou 1NT0U1Y -

HGERIIEN yAlnaoU | gANAADY

fansig, purelin 341 2.65x10° 0.6576

tansig, purelin 5-1 6.82x10° 1.0634

tansig, purelin 8-1 1.37x10° 0.6817

tansig, purelin 10-1 3.85x10° 10.3057

logsig, purelin 3-1 3.38x10° 1.0218

100 logsig, purelin 5-1 4.72x10° 43923

logsig, purelin 8-1 9.83x10”° 3.0508
logsig, purelin 10-1 3.66x10° 131.6940

purelin, purelin 3-1 3.64x10° 0.2428

purelin, purelin 5-1 5.07x10° 0.2128

purelin, purelin 8-1 5.90x10° 0.1629

purelin, purelin 10-1 4.43x10° 0.1819




~ [ o [ a 4 v A 9y [
A1719N 5.2 ﬁqﬂwamiﬁuiﬂwnauﬁmmwwmmm 3 GI'J“VIWWHﬂWiLHJﬁ\‘]GlW@QGlH

aR A a dy a A a dy 4
avNITNY N ﬂiN1ﬂlL“ﬁ@LWﬁ\1‘]ﬂN’m, ISR Uaggum

a A

U

ANV vl N1l
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il

p]
u

v
aA

o Jo o o & a A 3. A = A
ANUFURUTAUEAT 1T Inaveda¥emasin 100 m/h AnsinaeuATov1w
AN 9
80313 11a o . MSE
o 2 - HanguoraTou 1AT0U1Y -
UNELTOINAN yAlnaoOU | gANAADY
tansig, purelin 3-1 8.52x10° 0.0933
tansig, purelin 5-1 1.64x10° 8.1421
tansig, purelin 8-1 4.74x10° | 3.79x10"
tansig, purelin 10-1 5.43x10° 1.3252
100 logsig, purelin 3-1 6.04x10" 0.0996
Humslag logsig, purelin 5-1 3.85x10° 0.0541
gsig, p
Irteglugl logsig, purelin 8-1 717x10"° | 3.99x10°
aoM3iy) logsig, purelin 10-1 1.42x10° 1.7001
purelin, purelin 3-1 2.79x10° | 9.88x10"
purelin, purelin 5-1 1.02x10”7 0.0114
purelin, purelin 8-1 1.32x10”7 0.0171
purelin, purelin 101 6.35x10" 0.0097
13199 5.3 agdeanmssuldsunsud@msuwindees 3 @ Ao YTuansendsdiuia,

a dy 9 a A Y A v o Jdo o 24
s uazqmﬁgumnmmﬂwu ‘V]Nﬂ'JnJﬁﬂJWNﬁﬂU@ﬁﬁWﬂWﬁTﬁﬁﬂlﬂﬂlmﬁ

Y [ 1
WOINAIN 120 m/h AMsAndoUATEU BRI 9

80313 11a o . MSE
o 2 - andumeTou N30V ~
HGERIIEN yarndou | ganadol
tansig, purelin 3-1 6.3x10" 3.2184
tansig, purelin 5-1 1.23x10° 0.2340
120 tansig, purelin 8-1 3.10x10° 0.1900
tansig, purelin 10-1 8.07x10” 130.5370
logsig, purelin 3-1 427x10° 3.2256
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Y
A a A

{ @ ) @ a 4 @ a
A15199 5.3 ﬁ'?ﬂWafniiujﬂillﬂiuﬁTﬂﬁUWWﬁWNm@i 37 A0 ﬂﬁ?ﬂﬂ!t‘ﬁﬂlwa\‘l%ﬂﬂﬂa,
a dy 9 a A Y A v o Jdo o 24
STEETRLTRTN uazqmﬁgumnmmﬂwu ‘V]Nﬂ'JnJﬁﬂJWNﬁﬂU@ﬁﬁWﬂWﬁTﬁﬁﬂlﬂﬂlmﬁ

& a A 3. A = A ' '
IBOLNANIN 120 m /h V]ﬂ'lﬁpjﬂﬁ@ulﬂj@(’ll']ﬂ@nq 9 (n9)

80313 1na o Y MSE
o 2 - anduaie oy 1A3018 -

IHGIS RGN "Ijﬂdﬂﬁ@u YANATDLU

logsig, purelin 5-1 6.25x10° 3.3779

logsig, purelin 8-1 3.49x10" 0.8551
logsig, purelin 10-1 3.18x10"° 541.4202

120 purelin, purelin 3-1 6.36x10° 0.3493

purelin, purelin 5-1 6.55x10" 0.2242

purelin, purelin 8-1 2.03x10° 0.0984

purelin, purelin 10-1 1.93x10° 0.0578

a1319% 5.4 agdwanmsiuldsunsudmsunisiimes 3 Ak unisudadlfedlugl

U

a A

3
Aa R = a dy A A a dy 9 9 A
a9NI1INY AD ﬂsmmwammmma, USuaumn ua:qmwgumnmmﬂwu ny

=

v o do W o & A A 3 A A
ﬂ313Jﬁ3JW1!‘ﬁﬂ‘]Ji’]@]51ﬂ151wam@\illﬂﬁl5§i’]£wa\1ﬂ 120 m/h V]ﬂ1§§‘lﬂﬁ@ulﬂﬁﬂﬂnﬂ

AN 9
8n31M3 I1ia Y Y MSE
o 2 - Wenaunie Tou GERER -
UNTLEDINAN Glgﬂpjﬂﬁf]u FAnagol
tansig, purelin 3-1 1.67x10™"" 6.64x10"
tansig, purelin 5-1 3.87x10” 0.0013
tansig, purelin 8-1 6.12x10" 0.0082
120
. tansig, purelin 10-1 1.33x10” 0.0438
(UM ”
g logsig, purelin 3-1 4.77x10 9.1492
wlaslvieg - -
Tus1) logsig, purelin 5-1 2.73x10 4.24x10
U3
o logsig, purelin 8-1 1.14x10" 2.8616
aNITNY) P
logsig, purelin 10-1 4.29x10 285.4467
purelin, purelin 3-1 1.96x10" 0.0360
purelin, purelin 5-1 6.31x10° 0.2407
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il

Aa R A a dy a A a dy 9 a A 9 'd
avNITNY N ﬂiaﬂmwamawama, ISR uazqmwﬂwmmmﬂm nuy

U

~ [ o [ a 4 v A 9y [
19190 5.4 ﬁqﬂwamiﬁuiﬂwnauﬁmmwwmmm 3 GI'J“VIWWHﬂWiLHJﬁ\‘]GlW@QGlH

3
=}

v J =

v o Jdu o & a A 3 A
ANUANUNUDINUY @Iﬂﬂﬁﬂﬁ‘rfﬁﬂlmuﬂﬁﬁvmwmﬂ 120 m/hﬂﬂ'ljpjﬂﬁ@ulﬂﬁﬂm']ﬂ

A4 9 (AD)

80313 Ina o . MSE
o 2 anduae Tou 150918 -
unaFomas yorndou | ganaden

a

120 purelin, purelin 8-1 3.30x10” 0.0746

(WIUNIT

uilaaliod

U

Tus1l

U

purelin, purelin 10-1 5.12x10" 0.0064

AR
aNITNY)

2 A

d' [ o [ a 4 a Ay a A
AT 1NN 5.5 m;ﬂNamssuiﬂmnsummuwnmmas 36700 ']Jﬁﬂﬂ!t“]f’f)t“l/‘lﬂﬂ"]ﬂll?a,

v Jdo o

A ) A a Y A o @
ﬂsmmﬂum LLazqmwgumnmLm"lmJ NUANUFAUNUIND 9]31ﬂ13l11/iaell’f)\illﬂﬁ

& a A 3, A = A '
IFDIWAIN 200 m /h ‘Vlﬂ"liﬁlﬂﬁ@umi@élnﬂﬁ"lﬂ gl

oA31M19 Iva . Lz 3 MSE
o 2 WandunieTou GERRL -

UNIBDINAN ‘lgﬂlijﬂﬁ@u FAnagol

tansig, purelin 3-1 9.99x10" 2.9526

tansig, purelin 5-1 7.67x10° 41.8573

tansig, purélin 8-1 5.63x10° 1.2799

tansig, purelin 10-1 9.54x10” 1.0566

logsig, purelin 3-1 9.19x10° 0.9968

200 logsig, purelin 5-1 9.89x10" 0.6436

logsig, purelin 8-1 9.95x10" 2.4853

logsig, purelin 10-1 4.74x10° 2.1522

purelin, purelin 3-1 1.14x10° 0.1852

purelin, purelin 5-1 1.14x10° 0.1852

purelin, purelin 8-1 1.14x10° 0.1852

purelin, purelin 10-1 1.14x10° 0.1852
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il

Aa R A a dy a A a dy 9 a A 9 'd
avNITNY N ﬂiaﬂmwamawama, ISR uazqmwﬂwmmmﬂm nuy

U

~ [ o [ a 4 v A 9y [
A17194N 5.6 ﬁﬁ;‘ﬂwaﬂ133u1ﬂﬁllﬂiﬂﬁ'Tﬂi‘UWTD'nJm@'i 3 GI'J“VIWWHﬂWiLHJﬁ\‘]GlW@QGlH

3
=}

v Jdo o = =]

Y v
ANUTUNUTNIY mwmi"lwmmmﬁaﬁvmwmﬁ 200 m’/h AMsANEOUIATOU Y

AN 9
80313 Ina o . MSE
o 2 Hanguaielon INTUY ~
RGISRNIGN "Ijﬂﬁ\lﬂﬁ@‘u “]éﬂ‘ﬂﬂﬁﬂﬁ
tansig, purelin 3-1 7.91x10" 0.0032
tansig, purelin 5-1 5.03x10” 1.37x10"
tansig, purelin 8-1 7.93x10° 0.1347
tansig, purelin 10-1 1.58x10" 0.0157
tansig, purelin, purelin 3-1-1 5.17x10” 7.98 x10°
200 logsig, purelin 3-1 3.20x10° 0.0060
(FUN3 logsig, purelin 5-1 4.89x10" 0.0295
9 1
wlaslviog logsig,purelin 8-1 1.32x10° 0.9805
Tugl logsig, purelirl 10-1 4.51x10” 0.0026
AR
aen1INw) logsig, purelin, purelin 3-1-1 8.57x10™"° 9.36x10°
purelin, purelin 3-1 1.99x10” 2.47x10"
purelin, purelin 5-1 2.68x10° 9.44x10°
purelin, purelin 81 2.21x107 0.0079
purelin, purelit 10-1 8.05x10" 0.0015
purelin, purelin, purelin 3-1-1 1.59x10” 3.61x10°

A = vl 1 A Ao A
ANNITNN 5.1 D3 5.6 fﬂll133ﬂiq‘]_lV\I\‘]ﬂ“]ﬁ/!ﬂTﬂiﬂullaglﬂiﬂm”lﬂ‘ﬂﬂﬂ@ﬂ‘ﬂﬂcﬂ'Q(ﬂ

Y 1 H
dmsuganadeuLazdnI1Ns InaveuFomasiainig q lademsedi 5.7
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~ [ 4 W Aa A 9 A 1 [
A1TNN 5.7 ﬁéﬂwaﬂ1353ulfﬂﬂﬁﬂymmﬂﬂﬁgﬂﬂllﬂﬁ%ulWL@@iﬂﬂﬂq@ AIYLATDUTYLUDULUNT

ABUNEAIINT Iaveauna 100, 120 1ag 200 m’/h

80313 1na o . MSE
o 2 angunieTou 130U -

INGIS RGN "ljﬂﬁ\lﬂﬂ@u FANAADU
100 purelin, purelin 8-1 5.90x10° 0.1629
120 purelin, purelin 10-1 1.93x10° 0.0578
200 purelin, purelin 3-1 1.14x10° 0.1852

100 (WIUMT

uilasldoglu logsig, purelin 8-1 7.17x10™" 3.99x10°

siaem3im)

120 (WIUMNT

uﬂaﬂﬁ’agﬂu tansig, purelin 3-1 1.67x10™"° 6.64x10°

ilaemsiin)

200 (FIUMT

uﬂaﬂﬁ'agi“lu purelin, purelin, purelin 3-1-1 1.59x10” 3.61x10°

ilaemsiin)

d' 1 d' 9 a K Y o tﬂy a 1 [
INAITNIN 5.7 %$WU3TVI‘]§WUE]3J“'ﬁﬂﬂﬁ ﬂ\‘1LIJJ’E'J@IiWﬂWﬁhlﬁaL‘]S’E]LWﬁ\‘]ilgﬂNﬂu

A

1 v 1 { i A 1 v A o
uaanFues TouMmuea@udaN158131NAIAINARIAAABUABD purelin, purelin LALio1i
Y} A ' g0 AR P Ay A T W
gadoyalnawiiumsulaslieglugilaonnidu MHendumeTounIdazlinnuuanaranu
[ 3 o 1 a d oy o 1 [ a {
auiudalimsfmmuaveuavesmmnimes animindseamuazar ludavesiiseanln
[ tﬁ' d’ 9 td' (% (% z:y
AMANuAAIANAUNToaNgANNHANITU TSI uLdaIAall
d v 1 { 1 1 o P
Werdun1eTou purelin, purelin NA30U1 8-1 92 IHAINITIZYLONANHDINA
= A 2] dy a A 3 dy a A ' 1
Nga Noas1ms InaunmFomaslinilszuia 100 m’h naziormasdiniaoglusie 38-47

3]
Y :’ o 1 Y a 09/’ A A
kg/h ﬂzvlﬂmumumJizﬁmuazﬂﬂuaﬁmmmi@aiu%uﬂ 170
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~0.7606  0.7461- 0.51

0.0427 — 0.4784  0.984;

~0.7656  0.7586- 0.57

0.5438 — 0.6715  0.033(

W = (5-57)
~0.2554 — 1.0316— 0.467

0.6495 — 0.4233  0.373¢

-0.9104  0.7440 0.8816

| 0.1934 - 0.9514  0.51Q¢

[ 0.4689
—0.6885
0.7958
-1.0842
8= 02744 (5-58)
0.5382
1.0812

| -0.8949

v El
o o ' % a v 4
uazdoyahminiszamuazar ludavaitisealudueidne Ao

[ 0.5431]
0.1152
—0.2009
W, = —0.5455 (5-59)
0.8052
—-0.2406
0.4625

| 0.2851

b, =[-0.349§ (5-60)



84

Performance is 5.90296e-006, Goal is 1e-005
T T T T T T T

10°

103

102.5

=
o
N}

101.5

Gas flow rate(mslh)

Training-Blue Goal-Black
=
o
=

100.5

10" I I I I I I I I I 100
0 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8 2

[Stap Training 2 Epochs

A, AMANUAANAIA

=3

4
. Lm@wmmxsﬂmma
A A J v J . . A ]
g‘]J‘VI 5.10 wamsnagaunlantunie lou purelin, purelin {30V 8-1

Y U $ [l 1 [ P
HenFunieTou purelin, purelin AtAT0118 10-1 3z 1dAIMITZYONANYEINA

A ~ (24 dy a A 3 dy a a v 1
nga n mmﬁ"l,wmmawmwmmwﬂszmm 120 m'/h uazmmwawamaaglumq 44-68

]
Y :’ o 1 [ a 09;’ A A
kg/h %VlﬂmumuﬂﬂﬁzﬁmLgazmllimﬁmmmiaaﬁlwvuﬂ 100

[ 0.7491 - 0.5439- 0.534(
0.0586 . 0.2954  0.04f
-0.3819 - 0,3064— 0.577
-0.4181  0.2128-..0,437
0.4777 - 0.6931  0.27
0.1639 — 0.1782  0.70¢
0.0778 @115 — 0.368%
0.2601  0.6364  0.80]
0.8232  0.8897- 0.664
| 05142 - 0.8926  0.599

(5-61)




[-0.0657]
~0.4463
0.0912
0.0704
-0.9219
0.3226
~0.7750
0.3581
~0.0699
| -0.6325)
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(5-62)

Y Y
o o 1 o a o 4
uazsffay,aumuﬂﬂizmmmxm"lueﬁﬁummi@aﬁlu%ummwﬂ ﬁ@

[ 0.8027]
0.3661
0.4880

~0.2684
~0.3689

"| -0.2748

~0.9683
0.7241
0.0585

| ~0.1221]

b, =[-0.380§

(5-63)

(5-64)

Performance is 1.92903e-006, Goal is 1e-005
T T T T

10° P

10 |

10°F

Training-Blue Goal-Black

107

10°

0

Stop Trairing

. . . . .
0.5 1 15 2 25
3 Epochs

Gas flow rate(mS/h)

124 T T T T T T T T T
| | | | | Target
12381 — == = == = == = = = 7|~ ~| —&— purelin purelin (10,1) | ]
| | | | | T T T T
1236F - —-——I-——I—— - —d-—4-—+t-—-+t- -+ - —1
| | | | | | | |
123.4 ! ! ! !
| | | |
123.2 ‘ ‘
123
122.8
|
1226 | :
| |
R e et i sty s Ht W
| | | | | | | | |
1222 - = ——1-——I-— " - —dA- -4 - —+t - -+ - -+ - —
| | | | | | | | |
122 I I I I I I I I I
0 0.5 1 15 2 25 3 3.5 4 4.5 5

Test data

. AANUAANAIA

4
€. mmwmmmﬁmma

A A J v J . . A v
g‘]J‘VI 5.11 wamsnagaunilendunie lou purelin, purelin [AT0U18 10-1
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d v 1 { 1 1 o P
Werdun1eTou purelin, purelin NA30U1 3-1 92 IHAINITIZYLONANHDINA
A A o 4 dy a A 3 dy a a 1 [}
Nge NoasIms lvauneFomasiingszum 200 m'h tagi¥omasdmaog luge 126-141

v 2 v
ke/h ag laanihwiindseamuazan ludavestinsealudui 1 fe

—0.8064—- 0.4182 0.304
w, =| -0.2397- 0.2626  0.603 (5-65)
-0.4788 0.8024- 0.168!

0.6094
b = -0.7341 (5-66)
-0.8897

v El
o o U o a o 4
uaxeﬁ'mgaumumJizﬁmua:ﬂﬂuaﬁmmmsaaiuwzmmwm ﬁi’]

0.4792
w, =| 0.2685 (5-67)
0.6145
b, =[0.8023 (5-68)
. Performance is 1.14207e-005, Goalis 1e-005
10 T T T T T T * T 230 T T T T T
10°
% 10"
% 10%L é
8
F 3
2 107} =
£ 8
[T
10°
10° : : . . . : . .
0 10 20 30 40 50 60 70 80
‘ 86 Epochs Test data
1 a 4
N. ATANUNANDA V. mmwmgamﬂmma

A A J v J . . A v
g‘]J‘VI 5.12 wamsnagaunilengunie lou purelin, purelin IATDU1Y 3-1
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d' 9 d'cu [ dy a A 3 dy a A
Lll@“ljﬂéll@ll”a‘ﬂ’E)GIi1ﬂ1§1ﬁﬁllﬂﬁl“ﬁﬂma\mﬂ1ﬂ3$1JT’[M 100 m'/h HOSLBDLNAIH

9 1

waaoglurag 38-47 kg/h lliumsulaslieglugdasmiiu faddunioTou logsig, purelin

u

A A v o saaa RIS o ' o
NIATOUIY 8-1 ‘ﬂgﬁlﬁﬂ']ﬂ']iigul@ﬂaﬂymcﬂﬂﬂﬁﬂ ﬂghlﬂﬂ'lu'IWUﬂﬂﬁgﬁ'lclfll!azﬂ']ul‘]_]@ﬁsll@\i

q

=Y 091’ d’ A
wasoalusun 1 Ao

-0.4275 - 0.8683 0.78
w, = 0.3536 0.7571 0.52 (5-69)
0.1724 - 0.0239 0.31

0.8749
b =|-0.6079 (5-70)
-0.7184

v El
o o U o a v 4
uazdoyahminlszamuazar lusavedtasealudueidya Ao

0.3754
w, =| -0.2828 (5-71)
0.0229

b, =[-0.454¢ (5-72)
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Performance is 7.16766e-010, Goal is 1e-005
T T T T T T T 4.65 T T
| | | | |
100 [ J I | I I I Target
4645 — — g - - - - - - - - -7 —e—logslgpurelln(81)
| | | | | T T
4.64***1’**ﬂ***\***\***f**‘r**ﬂ***\***’
2 | | | | | | | |
élO 4635 — -+ - — 4 — — - — - — b -4 - - -
& - | | | | | | | |
@ & a3l _L__ v _ o __v__a__o_ |
g E ™ I I I I | | | I
o 100 | g | D | | | | |
2 s 4625F - -1 Sttt el B el el
2
] E b
=g w462 — - D S
€ 6 1)
= . ©
= 46151 - - Q- - 1 - TN/
| | |
10° R i S I R E 7
| g | | | | |
4605 - -t - -4 - - - - -l - -t - - t- -~ — =~
| | | | | | | |
10 I I I I L I I I I 46—
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 1 2 3 4 5 6 7 8 9
Ston Tralnina 2 Epochs Test data

n. AANUAANAIA ¥, 11anauazithmg

31U 5.13 wamsnaaeuiitlandudieTon logsig, purelin (A5 048 8-1 wumsulasliodlu

silaemsiiv)

A 9 A o [ Ay Aa A 3 dy A A
iweyadoyanonsims lvannmsemadialszua 120 m/h nazi¥ornad,
] [ ] 1 a o oo 1
w808 1uB 44-68 ke/h Tlrumsuaslvegluglaonisiu HendunisTou tansig, purelin
A A Y1 o A A v J o ' Y
Mmaievie 3-1 wzldmimisszpendnyanaiga vz ldaniminlszamuazarluddves

=Y 3 d’ A
wasoalusun 1 Ao

[ 0.7491 — 05439~ 0.534

0.0586
~0.3819
-0.4181

0.4777

0.1639

0.0778

0.2601

0.8232
| 0.5142

0.2954 0:04¢
0.3064 - 0.577
0.2128- 0.437
0.6931 0.273
0.1782 0.70¢
31115 - 0.3684
0.6364 0.80§
0.8897- 0.664
0.8926 0.599

(5-73)



v £l
o o ' v a v 4
uazdoyahminiszamuazar lusavestasealudueidne Ao

[-0.0657]

-0.4463
0.0912
0.0704

-0.9219
0.3226

-0.7750
0.3581

-0.0699

-0.6325)

[ 0.8027]
0.3661
0.4880

—-0.2684

—0.3689

—0.2748

—0.9683
0.7241
0.0585

b, =

-0.1221

-0.380§

89

(5-74)

(5-75)

(5-76)



90

o Performance is 1.67177e-010, Goal is 1e-005
10 T T T T T T T 4.84 T T T T T T T T T
I I I I I I Target

48350 — — - — 1 _ 1 _ 4 _ 1 _ _ 1 —©—tansig purelin(3,1) | |

| | | | | | T T T

107 | | | | | | | | | |
e e e ,T———————e-:- !

~ | | | | | | | | |

8 — | | | | | | | | |
e L] I B e A A MR S

3 00 E | | | | | | | | |

G} g | | | | | | | | |
] 72 el e e At Bt Bl St Mt St alits|

o, 3 | | | | | | | | |

> 10" o | | | |
g @ 4815 - — - - - <T--T--1--1

8 © | | |

= I I | I
3 R e e e e s ]

10 | | | | | | | |
4805 — — - -l 411t _|

I | | | | | | | |

| | | | | | | | |

10 I I I I I I I I I 4.8 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

@ 2 Epochs Test data
1 a 4 19_1
o
N. AMANUNANDTA . IRIANALAZIUTNY

d' ~ J v 1 . . A [} ] Y ]
317 5.14 wamsnadounilanduaisTow tansig, purelin 1030918 3-1 (FumMslasliod

U

silaemsiiv)

A 9 A o [ dy Aa A 3 dy A A
iWeyadoyanons 1M lnaunaremasdialszuia 200 m/h naziFoInad,
[ ] 1 1 a o Jo 1
winegluyie 126-141 keg/h lddunisuidasideglugdaomsin deddunieTou purelin,

. LA A v o odad Y1 d o
purelin, purelin NATDVE 3-1-1 %Glﬁmmﬁizumﬂamelmmwﬁmﬂﬂmumuﬂﬂimmuaz

q

Y v
mlusavesiingealusun 1 fe

-0.2491 0.3433,. 0.67
w, =| -0.6397 - 0.1096- 0.793 (5-77)
0.2460- 0.8919 0.615

~0.1555
b =| -0.5245 (5-78)
0.4514

Y

9y 0 o 1 [ a qu’ A A
magamwuﬂﬂizfd”muazm"luaﬁmmmsaa“luwm 200

-0.7170
w,=| 0.1442 (5-79)
-0.1254



91

b, =[-0.204 (5-80)

Y Y
o o 1 o a o o
uazsﬁ}ay’aumuﬂﬂﬁzﬁmuazﬂﬂuaammmﬁeaGlu“vmmﬂwﬂ ﬁﬂ
w, =[-0.8869 (5-81)

b, =[-0.1944 (5-82)

Performance is 1.55864e-009, Goal is 1e-005 5.44
T T T T T T T T

T T T

10

5.435

10°F B 5.43

5.425

107+

o
IS
N

Gas flow rate(m®/h)

5.415
107+

Training-Blue Goal-Black

5.41

10°} | 5.405

5.4

I I I I I I I I 1
0 02 04 06 08 1 12 1.4 1.6 18 2

Stop Training 2 Epochs Test data

n. AIANUAANAIA V. dnanaztmng
~ - o 1 ; . . A 1
g‘]J‘VI 5.15 wamsnagouNenguao low purelin, purelin, purelin [AT0U18 3-1-1

o 1 %) 4 a
mﬂwamssﬂﬂsuﬂmiﬂmwﬂﬂ;ﬂ%'ayja@ma@swmﬂwamamnm%mwam

] 9 Y o S 1 o 1 09/’ = Y o
W‘U'N‘]gﬂﬂl@ﬂﬁ‘ﬂ%Ulﬂf‘ﬂﬂTﬁ3gulﬂﬂﬁﬂ‘]&lﬂ!ﬂﬂﬂWlﬂWTgﬁlullﬂﬁg’E]@IiWﬂWﬁllﬁalﬂWHH {ﬂﬂulﬂ‘l’nfﬂﬁ

U

9y

o 7Y 9 = &£ & Y 2] tﬁy a <
ﬁgul@ﬂaﬂ‘]elﬂ!ﬂ']ﬂslgﬂell’fnJ”af]ﬂslzﬂﬁu\ic])'\i333Jnﬂaﬂi1ﬂ'lﬁllﬁaﬂl@ﬂl!ﬂﬁl“ﬁ@lwaquuﬂuﬂl@ 3

Y
o
N

9 == ' Y o Y Y A ~ |
mﬁauuamayav]nﬁauaawaz 1 9@ LLﬁ’JﬂWﬂﬁiguLﬂﬂaﬂ]elil!ﬂ’]ﬁllﬂi@ell1ﬁlﬂi$ﬁ1ﬂmﬂu y

9 v
MIBIUHVVUNINAUDNATI HANTNATOVUAAIAIAITIN 5.8



A [ EJ A v %)
M1T]WN 5.8 Wafﬂiﬁuiﬂﬁl!ﬂﬁuﬂl'ﬂ\‘]‘]ﬁ’]Nﬂﬁﬂullag‘qﬂﬂﬂﬁ'ﬂ’iﬁ’]ﬁ'JiJ‘l’].ﬂ'f]ﬂﬁWﬂ'lﬁulWﬁsUﬂ\‘llmﬁ

92

LBBDINAN
gadoya HasduneTou | n3ei10 MSE
arnaou | aAnATou
purelin, purelin 3-1 6.75x10" 25.9232
purelin, purelin 5-1 6.75x10" 25.9232
purelin, purelin 8-1 6.75x10™ 25.9232
purelin, purelin 10-1 6.75x10™ 25.9232
logsig, purelin 3-1 9.73x10" 0.1890
Und logsig, purelin 51 9.99x10° 0.1914
logsig, purelin 8-1 9.95x10" 0.8591
logsig, purelin 10-1 9.98x10" 0.8304
tansig, purelin 3-1 9.96x10" 0.1547
tansig, purelin 5-1 9.74x10" 0.4335
tansig) purelin 8-1 9.97x10" 0.3341
tansig, purelin 10-1 9.96x10" 0.6511
purelin, purelin 3-1 4.76x10" 0.0027
purelin, purelin 5-1 7.52x10" 0.0027
purelin, purelin 8-1 7.85x10" 0.0027
purélin, purelin 10-1 1.73x10” 0.0027
logsig, purelin 3-1 1.76x10" 3.34x10"
wlaalvioglugiaenisiy logsig, purelin 5-1 8.54x10° 1.47x10"
logsig, purelin 8-1 9.99x10 4.19x10"
logsig, purelin 10-1 9.99x10 4.44x10"
tansig, purelin 3-1 8.65x10"" 3.05x10"
tansig, purelin 5-1 9.91x10™ 8.08x10"
tansig, purelin 8-1 9.85x10 " 4.12x10°
tansig, purelin 10-1 9.99x10™" 7.23x10™




93

9 o Y

< v Aaa = o
gﬂ‘ﬂ 5.16 Llﬁﬂ\‘]Waﬂﬁiu‘ﬂWV]ﬁﬂﬁWﬁﬁU‘Bﬂﬂl@y‘aﬂi’JNnﬂ@@liWﬂWiVl‘ﬁﬁﬂJ@Q

q E)

2] dy a 9y a A J o 1 . . = 1
unaomaiiunsuaslvedlugivesasnisnunilandunisTou logsig, purelin 130918

1 A 9 = T o -5 £ A Qld' Y
3-1 IﬂElf‘nﬂ'3111ﬂaW’]lﬂa@um@ﬂ“ﬁﬂm@yaﬂﬂﬁ@ﬂuﬂ“ﬂ1ﬂﬂ 3.34x10 GﬁQWﬁﬂVlﬂu%gl!ﬁﬂqﬁlW

H
J [

<= 1 o S AW Yo o v A S a
L‘Viuﬂiﬂ1ﬂ1§§$ulﬂﬂaﬂymﬂﬂﬂqg’]fmﬂNﬁfﬂiiuiﬂil!ﬂﬁlﬂﬂllﬂﬁ'T‘ri’i‘UL@nLLﬂﬁcﬁulWLfJﬂi“Buﬂ
4 4 a @ S A 9 di’ a A a 9 a @ 4 a
anuasavuia 100 nlaiaa ‘VI‘IGM‘M’JLWaQGH’JiJ’JaGIfHﬂ]liJﬂ§$EIUEJﬂB TagNa15an
v o a dy Y 1w a di’ a A o ad a
f"l’ﬂllﬁll'W‘Ll‘ﬁGU’f)xiﬂiiﬂﬂ!ﬂllﬂW]@%’JIﬂN, '1Jsmmwm‘waW’mmm%ﬂmuaxqmwgwmnm

3 Y o v 4] d” a
GIf‘LlLN"I]’lﬁll Ny ﬂ@lﬁﬂ"l'ill‘]riﬂell’f)ﬂllﬂﬁlf’lfﬂﬁ/\lﬂﬂ

Performance is 1.75879e-007, Goal is 1e-005
10 T T T T T T T

1071

107

10k

Training-Blue Goal-Black
Gas flow rate(m®/h)

10°

10°L

107

L L L L L L L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

[ 2 Epochs Test data

n. AIANUAANAIA V. dnanaztmng
A A o 1 F J A 1 Ay @
51U 5.16 wamsnadeunlanaionglou logsig purelin 1139918 3-1 N0YATINNNOAIINS

Tnavewnd ognuilaliedlugivesasmiin

Y A 1 g‘ 9 1 @
ng"llxllﬂﬁllfﬂi (5-83) uag (5-84) ‘V]Llﬁﬂﬂﬂ1u1ﬁuﬂﬂi$ﬁﬁ/]t!ﬁ%ﬂftﬂ@ﬁﬂ]ﬂﬂ

a 3 A A d o 1 . . A v 7 dy
asealudun 1 AlentunieTou logsig, purelin 1ATOU 3-1 A9l

-663.35 — 1082.1- 4518|1
w, = 1901.5 - 2912.4- 8930 (5-83)
-1906.2 2909.2 89434

178.37

b =| 2967.3 (5-84)
~2971.5



94

Y Y
1 o @ 1 @ a o 4
HazauNIg (5-85) L (5-86) uﬁmmumuﬂﬂixﬁmua3m"lueﬁﬁllmmﬁeaﬁlu%ummwﬁ

-0.0041
w,=| 0.5882 (5-85)
0.5891
b, =[-0.561q (5-86)

A3

AAY 1 A

TunsaiNndeanIInIAININMes Noas 1M IMadu 9 ausaiuiuald

=

[ [l [ dy td'dy Y 1 o d'oJ [ dy a d' 3
ATUAIBYINAIU Glu‘ﬂufﬂgll’dﬂﬂG]’Jf)fJNﬂ'liﬂWl!’Jﬂl‘ﬂﬂﬁﬂﬂﬁllﬁﬁllﬂﬁl‘lf’f)tWﬁ\‘]ﬂ 81.28m/h N
v o Jdou o a A A A = @ a o’c?/‘ A a dy Y 1
FUWUTOUNUWITINADT NN NI UASINY Tagwisilmesiuaelsuadiniae
o a dy a A a A 091’ Y A < v 1 . .
#2119, YSunansemasdivaa uazgamgiusoadum Tl AlsngunieTou logsig, purelin

A [}
NI9U1Y 3-1

Pe W @ net; f, Yoo W, @ net, f2 Y,

/ 1 o
P =%, %] |093'93Y1=1_’_e—,netl purelin:y, = net,

b, b,

A a Jd A = A J o 1 . .
51N 5.17 winUwesan 9 vounseellszammeunilansuaieTou logsig, purelin
A A4 A = ) o w A Y 1
NI9U1Y 3-1 LlJ’E]W‘1]13@!11’1‘]2@611@13@3']3J1’1ﬂf]ﬁ31ﬂ1ﬁulﬁasllﬂ\‘ll!ﬂﬁﬂQﬂl!ﬂﬁ\ﬂﬁﬂgﬁlu

AR
sivesaamIny



95

A 1 a I o 23 dy a A 3
MINN 5.9 ﬂWWﬁHJLGI’EJTﬂ’Elﬁﬂﬂﬁllﬁmlﬂﬁl%’@ma\‘m 81.28 m'/h

o, - Aumsutlasaensiutay
IRERFTIEY Un o
Usum
a dyy "o
x, : USunadidaed Tua 1.90 0.0032
x, : USunausemasdiniag 36.98 0.0181
x, : guuNUTnmdw Ind 600.1 0.0320
FJ
v, : 0a51Ms InaunaiFoinas 81.28 0.0220
1037 5.17 aunsanansdiedimsiszunumdnsims lnausa ldaad
net, = [W][P]+[b,] (5-87)

unua (W] ez [] Mnaums (5-83) uaz (5-84) asluaums (5-87) azla

—663.35 — 1082.1- 45181 %, 17881
net, =| 1901.5 — 2912.4- 89304 x, | |+ 2967.. (5-88)
-1906.2 2909.2 89434 x, | |= 2971.
-663.35 - 1082.1- 4518|1 0.0032 1782
=| 1901.5 - 2912.4:- 89304 . 0.018052 + 2847 (5-89)
-1906.2 2909.2 894 0.031985- 2871
12.194
=| 64.377 (5-90)
—64.462

o ' A su 1 A . v
mnsnvIn y, LﬂJﬂﬂ\‘]ﬂﬂfUﬂ”lflTﬂuﬂﬂ logsig i]%llﬂ

y, = f (net,) (5-91)

=—— 5-92
1+e™ (5-92)



96

1
o= 12.194] (5'93)
| 64.377
1 e[femez}
0.99999
=1 (5-94)
1.01e-02

{ y I a qg/’ J 1 o '
y, Mldninaums  (5-94) Haziusunaluduwerdyade li Fakinismia

net, 910 AAAITUAUNT (5-95)
net, = [W,][y,]+[b,] (5-95)
o 1 A o Jd o U A _ 4
wazimsma y,ieilandunieToude purelin 92 19
Y, = f(net,) (5-96)
Y, = [Wz][y1]+[bz] (5-97)

v Y
UNUAT aUNIT (5-85)-LLae (5-86) ﬁl!ﬁﬂﬂﬂ1ﬁ1ﬁﬁﬂﬂﬁ$ﬁ1ﬂl!ﬁ$ﬂ1ul“]Jﬁ’dﬂl@\i

- o ¢ y & g ¢
Wsealudweordne vazy, luauns (5-94) asluauns (5-97) w214 y, Failueranaves

=) ] v dy
AIDVIYAIY
0.99999
y, =[-0.0041 0.5882 0.58y1 1 [+ 0.5¢: (5-98)
1.01e-02

y, =0.023] (5-99)



97

y, =101.47m’/h (5-100)

A a Ay Y ~ . . A o Y a
LN@Wfl]’]jm’]ﬂ’]ﬂllﬂﬁ]’]ﬂﬂ’limﬂﬁaﬂ‘ﬂ 10g51g,purehn IU1Yy 3-1 ﬂ‘]_lell’f]l;]jaﬁlj\i

11 oA A ] v A J v . . A 1 Aq ¥
VWNUNMGIUANIUADTIANADUDEY A9 N NN T logsig,purelin (ATDVTY 3-1 Nldnadgou

Y ] [ [ Ay a d' L] ] 3 [ qu’ d‘ 9 d'
llﬂll”ﬁ]1ﬂ‘]5’3\1ﬂ]@\1@@]51ﬂ”|5l1ﬁﬂLLﬂﬁL‘B@LWﬂQ‘V]@Q‘IH‘B’N 100-228.7 m'/h aaiuielsaned

U

A ] 2 A A Ay Y Vo A o o
u@ﬂlﬁu@fl]”lﬂ“]éﬂellﬂllvaﬁ]ﬂﬂﬂ'ﬁﬁJﬂﬁnJlﬂa@usllﬂﬂﬂa%llﬂlﬂu‘ﬁiillﬂ1 UANNUAANNTITATUIU

) YA = o VoA A Y ¥ = o A ' %
llllllﬂllﬂ'nllu@ﬂ@nﬂﬂu ilﬂu%ﬁu@@n@ﬂﬂHL‘W@TH‘IWVWTUﬂﬂﬁaﬂﬂ”lﬁﬂﬂ”ﬁlﬂﬂﬂ”ll@”l@]ﬂ@

54  aq

A

dy v =3 o 4 W A <Y A [ [

Lu@ﬁﬂu1J‘VI‘L!ﬂﬂTm\1ﬂ1553‘].!LE]ﬂamslil!GUE’J\1i3‘]J‘ULLﬂﬁGBlIWL’EJﬂiﬂ’JEJLﬂi’EJGIﬂEJLL‘]_ITJLLW5
o B 9 1 = qg/’ I ~ = Y o d Y

nay cm“lﬂﬂanmmﬂumumyg HaghanITnaaou %%L‘Viu"lﬂil”lﬂ1§§$‘]_qll’f]ﬂﬁﬂi&lﬂ!ﬂ’.lfl

A a ° ' S @ v 7 A Y A o Y '
LWﬂUﬂuﬁ1N1§ﬂV]”Iﬂ15ﬂi$m1mﬂ'lwxiﬂ%ullagllﬂmT@V!ﬁVl‘lﬂamﬂﬂﬂ'].l‘ll'f)llva‘ﬂﬂﬁﬂﬂlnﬂﬂ’ﬂ

o v o

an a 4 AN ¥ 1< a 4 o & 9
IENITAUATICHNITOADDY Wﬁ1/]Ilﬂi]&ﬂuﬂ’J’IiJﬁiJWU‘ﬁGUE’NW"IS"IiJm@i 367 #9152noUnIY

v
1 Y] [

a dy a a a dy 9 a A Y A
USuauremassinia Usuaaa LL@%QQAWQNU?L’JQ&!NW“WN ﬂﬁ\iﬂﬁﬂﬂﬂ@lﬁﬂ1illﬁﬁsllﬂ\1

a2 Y v

o A A = v & ¢
LUATLEDINAN 1NTUNIT (5'83) 13N (5'86) %gllﬁﬂ\iclﬂlwuwaﬂ AVINNITISYLDNANH AN

Y Jd o 1 [ A { { { (% (24
HenduoreTounazinetionangan lavinagadoyanaaeunsunnoas1ns lvaveund

l
Sy

g A £ I 9 Y 1 a R 9 & dA o d @ [
l“ﬁ@lwaqcﬁﬂlﬂuﬁ!ﬂmﬂua muﬂ13Llﬂaﬂﬁlwﬁgﬁlugﬂaﬂmﬁﬂmmﬁ Gﬁﬁﬂﬂ@ﬂﬂﬂ“ﬁuﬂqﬂjeu

K

{ ] osj o o [} o o 1w 2]
logsig,purelin NAT0VIY 3-1 LATNIN [ALAAIAIDH1IHANMITAIHIUNIAIOATING IHaudd

1
A 1 A

dy a d’ 9 [ 1 d' [ Y dy a
LYBDIWANNABINIT Iﬂﬂﬂﬂ@l’)@ElN“VI’EJ@IﬁWﬂﬁVlWaL!ﬂﬁl‘]f’t]!,waﬂ AU



UNN 6

Y
Uﬂﬁéﬂ!!ﬁ%‘“@!ﬁ‘l«!@!!ﬁ%

61 @zl
a a o’dyo @ 4 [ Jd o [ =
Ineniinustinauemsszyenanyalszuuunad Iwosdmiulse lWihdwialae

9 =2 = = I o [ a o ~ ~
AULVUNITANHIND Tiﬂﬂﬁwamammmaﬂmmmgwu JJW”I’J‘V]EﬂaEJLTIﬂTHIﬂEJfIiu”Ii

4

o w a a v ¢ I~ %)
Tsa I Fmnanididansnaa 100 o ladad wWulsdlwihdmevuadnldmaluladuda
an @ a 4 d o dy a Y 4 AN Y 4
FhinFurtiaaiauasa sinstlowdomamsdiunu uazoranain laainaiaiid
o A a () dy a o a S 3
a5 MRSV IUUAFIFDINET WINFINITONT VLUV IADINNAUAFITAT NILTINIT
a W A Y R I < Y] a a 4 o dyd Y o
MARZIUNgANIsUVedszULUnad Ivlees Id Jailusudundnluinoiinusatuil 39189
[ o [ c’dyd?’ a a c’dy o o 4 as
MsszyenanyalvesszuuLnas Iwostau lasIneninus i nauomsszyo1anyel 2 73

A Aan a 4 A (] = A = 9 1 ] £ 9
o aﬁmmmﬂwmmmammxmaamaﬂimmmﬂwnmmauggmmmiﬂau FIYAVDYD

a A a

Aq ¥ A v HAq v & v A o Ao o A a
ﬂi“ﬁﬂﬂﬁ@ﬂﬂﬂ“ﬁﬂﬂl@yﬁﬂimlmmwaQGIf'Jll'JaG]fu@lliJﬂﬁ$ﬂl‘!fJﬂ‘H Iﬂﬂu@ﬂi’lﬂWihl‘ﬁﬁl!ﬂﬁl“]f@l‘Wﬁ\‘]

£
9y ~

A 3, & S v a ) A
N 100, 120 o 200 m/h ‘ﬁfﬁ%ﬂﬂlﬂﬂau%g‘ﬂﬂﬁ@ﬂllﬂﬂ!‘]Jusll'ﬂjal'aﬂﬂ@&laxllﬂﬂ%ﬂm@uﬁﬁﬂPﬂu

QU

@ J

Y AR o 9 an a 4 Y
mmﬂaﬂwagiugﬂaammn HUINITEULDNANHUAIYITNITUATICHNITOADDYAIITUNIT

E)

Y
v A

° £ o v A o v A o 9 = [ 9 Y o
AAUNUUI FUNITANAUNTDI FUNITAIAUNTIY Lla$UW%ﬂm@NﬁlﬂﬂﬂﬂuuNWﬂﬁgElﬂ@'lﬁl“]fﬂ'ﬂ

~ 9 1 @ =1 ] =1 1 ~ Y 1 Y] Y
ﬂ”lil,iEJ‘L!ELL‘]_I‘]_ILL‘WiﬂaUﬂ]i’]ﬂlﬂi@ﬂﬂﬂﬂi%ﬁ?iﬂm&m %xwmwmmaugsmuuwsﬂaummsaiwm
@ S Y 1 A ~ =1 Y] H 9/3 a 1 d'i

33T_Jl,ﬂﬂaﬂHmllﬂﬂﬂ’JuﬂJ@L‘]JiEJ‘Umﬂ‘]_lﬂiJNaT]vlﬂTN‘Villﬂ Tﬂawmimmﬂmmmmmmaau
o A Y v dy
AMNHANTIAUUUITU ﬁ1u15ﬂﬁ§ﬂulﬂﬂﬁu

o 7Y  Aaa a % A - a o o

1) ﬂ1§5$T_Jl,’f)ﬂaﬂ‘]slﬂlﬂ’llﬁl?‘ﬁﬂ1§3lﬂi1$ﬁﬂ1iﬂﬂﬂ@ﬁlLlli’JL‘]JiEHJmEJTJWEﬁnﬂﬁllﬂﬁa”lmJ

]
v A 1

A & o o A ° 9 a 9 A ]
Imin aumsdauides aumssaunawnngadeyalnauazgadoyanrmumauasliog
ax ¥ HAq v o o ] ~ o o A A Aq ¥
lugtlaemsny Tasgadoyanldiuiugadoyansmnnonsims Ivavewnadomasnldy

a a o [ g [Y] 4 1 {

luanetdwusatiuiife 100,120 uaz 200 m’/h 91NNTILYONANHRIVZWUNNNTOADOBUDL

a 9 d' 9 [] 9 [l Aa R 9 @ S A
waduieyadeyarumsudadlegluglasmiiuaunsolinanmsszyendnvainangea

. l v o . o 4 H A a 4
Tagamanuanuaasun lamidu 0.0027 tienlssuneuduaumssunléisn1siniz g

DANDEIMLBUNY
[ dY A [l = A ~ 9 [l Y] kY

2) msszyenanyaidemIeisdszamfionninisFeuiuuuuninduldnaaes

9y = @

a 4 {
Tagldyadoyadernunsins1zin1saanoes 1aeld Neural Network Toolbox Hafl ldne

U

A = A = 9 1w @ Y Y 1 ag a L4
Lﬂi’t)“lﬂ&l‘ﬂi%?H“VIL“VIEliJ“mJﬂﬁlﬁEJ'HQLL‘U‘UL!Wﬁﬂﬁ‘Uﬁ’HJTﬁﬂ55‘U‘L’ﬁﬂﬁﬂ‘]slﬂlulﬂﬂﬂ’lnﬁﬂﬁ’llﬂﬂgﬁ

v 1 { 09}’ ] .
m3ananee HenFunieTeuimueauanlunan1snaaeunIuafe logsig,purelin NAT0U1Y



99

1 A Ay v d v U [% 1 A 1 o -5 R d v 1
3-1 IﬂElﬂW]'ﬂﬂJﬂaWQLﬂﬁ@H‘V]l’lﬂﬂ'lﬂW\‘lﬂ“ﬁuﬂTﬂIﬂu@ﬂﬂﬁWﬂNﬂH‘ﬂWﬂ‘U 3.34x10” BIH9NFUDY

o 1 { Y 1 d @ @ L4 [H =Y 4
Toutagzdmawniotion Idtzdeindudumuvesmsszyenanysivesszuunnad 1Wioos

Y
a

dwmsulsd i nanldsemassiuiayiia ldnssaudny

Y
6.2  VdIAUBUUY
o 4 [ c’dy Y o a 4 Y
D lumsszyendnvaiszuuunad ieesiiladinsszyninmndaes 3 @aou
Y v Y '
1aun Usuatdinldannmaw lndueaudeomasnodTug (Ash discharge rate (kg/h) : F,)
2 v v
Ysmamslsomasdiuianosa1ug (Biomass consumption rate (kg/h) : F,,) 1182 QMNUQIN
Y] 9 . 0 v U dyd 1 -
o910 T vl (Combustion zone temperature ( C): T, ) AlsvaIiinanon10nI1N15

[ g a % -
TraveuRaiFoInas (Fuel flow rate : F.) 9 launnnanmsnageuasavedls luihamia

]
A o v

< Y o w 9 A == v o a J
Gﬁﬂlﬂuﬂl@‘ﬂ’lﬂﬂﬁ]’lﬂijﬂﬂl@maﬂﬂ ﬁ’]w'i‘UIﬁﬂU!W\lﬂ’lf]uﬁ’lm’liﬂﬁﬂ‘]sl'lﬂ'JnJﬁiJWNﬁGll’fJ\?W'liquﬂﬁ

9y K Y A a Yoo o w
’E)‘Ll]lﬂ GIJ‘Ll’E)Qﬂ'LINaﬂ”li‘ﬂﬂa@ﬂﬂhlla%uuﬁﬂﬂﬂl@ﬂQ’Jfﬂﬁllﬂufﬁﬂiy’

a 1 Y 4 |l A o
2) Ysnmvesgatoyaindouiinagomsszyonanyal lAeNIZeg 1909 UNTIZY

o Y A 1 A A ~ 9 " o qgj A I ¥ @ (d'dd?
L’f]ﬂﬂﬂ}lmﬂjﬂmiﬂ‘mﬂﬂizﬁiﬂﬁmﬂ'liLiEJNgLL‘]J‘]JLLWi mumwaiw"lﬂmsszumﬂaﬂymmmu

v
A

Ysmnavesgadoyadeamisndsumy damanudosnsuazlSunadoyandidelitiues

E1

o T (9] g a z J { o [l
3) Glumsmummamwms“l,wammuﬂm%mwmuu 51W1ﬂﬂ1ﬁg])®\1ﬂ151/]11!18@§11

A ] A 9 Y Ay v o 1 A A &
‘Ll’f)ﬂL‘Viuﬂﬂ1ﬂﬂﬂﬂ]@yjﬂﬂ1%ﬁlﬂﬁ@ulm’3 Na‘I/Illﬂi]'lﬂﬂWi‘I/anEJEJ’f)llllﬂ'J"lllﬂa1ﬂlﬂﬂ@ull”lﬂlﬂu

v o A g VA YA Y A g = a v
BITUA ﬂﬂuulW@!Lﬂqmﬂmﬁ11uﬁ3uu E‘!?ﬁ]ﬂ@ﬁ]@@\iﬂﬂzﬂm@yjaNﬂﬁﬂu%ﬂﬁﬂﬂﬂquﬂ]ﬂW@ LL§
o Sad v Yaw v

AR ] ' | [
JUNUVUDY ‘]_lN’Jfl]EJL'EJ\1ﬂ’JfJ".ﬂ?J@ﬂllﬂﬂﬂ”liﬂﬂﬁ@ﬂlﬂuhluaﬂymgGl,ﬂ

U



Y a
NIV

dy [ 4 [~ Aa 9 a L4 @ a
UAT LBDANA. (2547). ﬂ”li‘ﬁ”ll;i’]ﬂﬂﬂBmLL‘IJU"llllﬂul%ﬂlﬁuﬂlﬂﬂm”IWQ’E)@IIQGBL‘]J@LL‘]JU‘]JE]U‘]J@Q.
a a ¢ 1a v A a a v =
Inenfinusisaanumiiatia mudndanssuliih aodunalulatinszoen
v A
NATNITHAINIUD.
{ a v A o 4 @ L4 a
UAT Lgﬂﬁf]‘ﬂ UAE gUYY YUITIAU. (2546). ﬂ”li‘l’i”ll’f)ﬂaﬂBmGIJBQLG]”ILN”IGUEJ%HaFJ’EJEJLL‘]J?JWQ’O@

4 [y A a a A | a d' v
Ulﬂ%mﬂiﬂﬁli%‘ﬂ‘ﬂﬂ%‘ﬁfﬁ@%ﬂ. ﬂ]iﬂﬁz‘l;ﬂ’)‘lﬂﬂ1§!ﬂiﬂslﬂﬂ’(]ﬂ’3ﬂiiﬂl!ﬂii’)ﬂﬂl’l!!‘ﬁﬂ

]
v A

Uszmalnensan 17. Jufl 15-17 gainu: 452-457.
an va a 4 a aAa
NIIAT !,Lgljll‘]_lﬁ. (2541). N1FAUATIZHNITOADDEY. !ﬂﬂﬁ]ﬁﬂﬁ%ﬂ@ﬂﬂ'ﬁﬁ@ﬂ NAIBIaDN AT
d a v Jd
INNAANT HHINGAUNHATAAAS.: 61-98.
v W Jd a o v J @ a
Ay 09AnUad Usewus AFATITLUAS ABTIT LUNEE. (2549). MINAUINTSUIUNITHAS
(24 d" a 1 a = (o) an % 1 [ 9 d‘
LLﬂﬂL‘If’E]LWﬁQ%WﬂﬂTL!141!L!ﬁ$%'Jll'3ﬁiﬂﬂllﬂﬁ°]ﬁ/\llﬂ“]5u§'Jllﬂ'UﬂWiLWfl‘ﬁllﬁlulﬂifN
a J a J a a a d d
ﬂgﬂimWQa"lﬂcmummumguﬁﬂu. ﬂ]ﬂ?]“]i“ﬂﬁ!“ﬂﬂuﬂ AUSINYIATTAT JWIAINTU
NYINENAY.
% J o A a 4 o @ 4
‘V]ﬁﬁﬁl FAUNH LA FUAN D189, (2537). DITAATITUNIINADNDYUASHHAUWUST. 1BNAT
a aa a d a (Y] d
‘]Ji%ﬂﬂ‘ljfniﬁ@‘l! MAIBIAOA AUSINYIAITAT NHINYIAYLNHATAITaAI.: 130-
138,215-221.
a a a 4 4 o { a 4
Hsua Gﬁmﬁ’mmmm Wi]ﬁfl YHUINA HAZ,ATII YN, (2537). mimmazﬁﬁwa@]mmau
S A A a [V d? ag 9
3J91!1!9ﬂllc]iﬂ‘ﬂﬂ‘VIfIﬂ“Ui’NLﬂSﬂx‘lﬂa@lllﬂﬁslnlljaLL‘]_IiJllﬁaGULlTﬂEJ’Jﬁﬂ”Iiﬂ”I‘W”ILHJ‘]J
. a a d :’J d’ o A
Simplex. ﬂ]iﬂ53“1(5}17]1\13‘U1ﬂ15ﬂm$3ﬂ3ﬂiiﬂlﬂ1ﬁﬂi aas. AN 2. IUN 7-8
1QUIBU: 96-110.
A o Aav ~ = Y = I
AITY DIINWIY.TIYINUNTIVYUNN 2. (2549) . fniﬁﬂ‘]sl1?5]HL!UUIiQUlV‘IﬂW‘B'JN'JQGUUWQLaﬂ

dmsuaury. senumsIvelsddlihine amnminendumalulaggsns.: 7-12.

=

aw =2 Y = < o [
F1eUMIIeUnd 3. (2549). misaneIduuuy Iselwihdavmnadndmoaguau.
s1numI9a)sdInvhymna windnendumaluladigsuns.: 2-4.
@517 g995.(2551) System Modeling. tona1siszneumsaeu mwdIsdiaanssulvvh

v Ingnagnalulaggsuns.



101

439803 M¥33nY ay e AreInAug. (2551). msfinesams isemaneumiia
suulvaaslasldnissiascuumFedaay. msdszgumaisinisves
WINenFuinunsmans asaf 46. Suft 29 unsAY - | ANMWUT: 192-199.

p1fiad Asuda. (2552). Hagusemiuia. enmsilszneumsasu mv13rIaanssaluih
v Ingnagnalulaggsus.: 181-206,267-273.

Delavari, A.R., and Klein, R.L. (1988). Gasifier System Modelling. Electronic Letters.24: 1586-
1588.

Jurado, F., Orgeta, M., Cano, A., and Scarpio, J. (2002). Neuro-Fuzzy controller for gas turbine in
biomass-based electric power plant. Electric Power System Research 60.: 123-135.

Prins, M.J., Ptasinski, K.J., and Janssen, F.J. (2004). From coal to biomass gasification:
Comparison of thermodynamic efficiency. ScienceDirect,Energy. 32: 1248-1259.

Sagues, C., Garcia-Bacaicoa, P., and Serrano, S. (2007). Automatic control of biomass gasifiers
using fuzzy inference system. ScienceDirect,Biosource Technology.98: 845-855.

Steven, C.C., and Raymond, P.C. (2003).Numerical Methods for Engineers. McGraw-Hill.

Available: http://www.satake-group.com/news/2006/061023.html



MANHIN N

Y =3

Toyarnaeuazeyanaaol



103

Y =X

Yoya naammz%’agamaau

9 ~ ) a a o’d’, 9 ] I
mayjamummﬂﬁaﬂu’J‘nmuwwﬁu Usznaualgszuunaaoy 6 Yo LL‘]J\‘]L‘]JL!“]éﬂ
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doyarlndou 3 e uazganaaoudn 3 ga laglddoyavindununlselviiiFiuoa

a v 4 - a a o ¢ A w [
ymanerdenaluladgsuts Weronasiiuiane ldnsedudng Adasinis Inaune

FOINA QALY 100, 120 LAz 200 m/h MuE1dY Tasdi x, A0 YTadidn (kg/h), x Ao Usua

Y Y
WomassInIatkg/h), Haz x, ABYUNYI (°C) 1Az y ABBATING IMavoUFOINAL (m'/h)

A 9 =X Ao dy a A A 3
AT NN N.1 q;ﬂﬁu’e)yjaNﬂaaum@ﬁmﬂwammwammmaaﬂiw1m 100 m'/h

X X X3 y

1.7 43.1 680.1 101.2
1.8 43.1 684.2 101.7
1.9 41.5 676.5 101.2
1.8 41.3 679.7 102.0
1.7 43.5 681.0 102.2
1.9 44.6 678.2 101.5
1.8 38.1 669.3 102.0
1.9 42.9 680.1 101.0
1.9 42.1 678.0 101.5
1.9 447 674.6 101.5
1.9 49 679.9 100.7
1.8 46.6 684.7 101.0
2 44.7 677.7 100.5
1.9 473 675.1 101.2
2 44 684.0 100.7




A 9 A w dy a A = 3
ATWN N.2 ‘Eﬂﬂl@ﬂgﬁﬂﬂﬁ@ﬂﬂﬂﬁﬁWﬂ'lﬁll‘ﬁaL“]S@LW@Q?Jﬂ1LﬂﬁEJ']J§$1J1ﬂ! 100 m'/h
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X X X3 y
1.8 44.6 682.2 100.7
1.7 45.2 676.5 100.7
1.8 39.5 674.7 101
1.7 43.6 677.9 100.7
1.6 44.4 682.7 100.7
1.7 43.1 678.2 101.5
1.7 44.8 676.2 101
1.7 45.4 680.6 101.5

M3 0.3 qgﬂ%’ﬂyjaﬁﬂaauﬁ’ej”mwmi"lwméﬁmwSﬁﬁwm%ﬂnmm 120 m’/h

X X X3 y
2.9 61.7 696.8 123.5
2.1 57.5 692.8 123.2
2.1 48.6 694.5 123.2
2.2 59.3 695.9 123.2
2.1 44 700.0 123.2
2.2 59.8 703.4 123.0
1.8 44.4 700.7 122.7
2.4 55.3 705.1 122.2
2.8 52.9 699.3 123.2
2.1 50 701.8 123.2

2 53.8 693.4 122.7




A 9 A w dy a A = 3
MTNN N4 ‘Eﬂﬂl@ﬂgﬁﬂﬂﬁ@ﬂﬂ’E]ﬂ31ﬂ1311‘ﬁaL“B@LWﬁ\‘l?JﬂﬂﬂaU‘lJﬁgiﬂm 120 m/h
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X X X3 y
2.5 62.8 699.0 123.0
2.7 44 700.8 123.1

2 68.4 693.4 123.5
1.3 44.7 700.9 122.7

M3 0.5 gadeyarinaeuiisniims Tnaemadisundeyszane 200 m*h

X X X3 y
14.5 135.5 664.4 2257
14 131.1 672.3 227.2
14.7 134.3 669.6 225.7
15.6 140.6 675.3 228.7
15.8 141.3 678.9 228.7
14.3 131.2 666.0 2242
15.5 136.2 674.8 2252
14.7 132.3 662.8 2237
14.6 134:8 667.6 225.0
15.1 135.6 668.1 226.2
15.1 138.1 666.8 226.2
15.3 139.8 668.9 226.4
14.5 130.4 667.1 225.5
14.1 129.8 666.2 224.6
15.3 136.1 670.1 226.7
15.8 136.1 678.8 228.2
14.3 129.3 651.5 222.0




A 9 A w tﬂy a A = 3
ATNN N.6 ‘q@m@yﬁﬂﬂﬁ@ﬂ‘ﬂﬂﬁﬁWﬂWﬁulﬁa&‘]f@t‘WﬁﬂﬂJﬂuﬂaﬂﬂﬁ%NWﬂ! 200 m/h
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X X X3 y
15.1 133.4 660.2 224.5
15.6 135 676.3 227.5
15.1 134.9 670.2 226.1
14.6 131.6 662.1 224.2
14.9 130.1 661.1 223.2
14.2 126.2 657.0 222.1
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{ @ a J a
A1519% V.1 ﬁqﬂwam%’ayaﬂﬂﬁ@uﬂum%gawﬂﬁ’aumﬂmiamﬁwmm@aammm‘mﬁju

y =126.85-3.3378% —0.065904x, — 0.024206X, (v-1)

MSE R S

y/x

train test train test train test

0.0854 | 0.8498 | 0.6469 | 0.1556 | 0.2923 | 0.9219

H Y Y
Taofl v Usmud (kg/h), x, Ao Usmaudomasdinig (kgh), 1az x, AvgUHAN (°C)

Y
wazamilsay y Aeon31ns 1Maveaseinad (m'/h)

@ 23 dy a A 3
aﬁﬂmi”lﬁmmm%ammmmﬂaxmm 100 m/h

& Y a 9
YANNAOU (take In) AIINITONAN DY IV

4.64

I

| | Obsened data
| || —&— Train data

|

|

4.63

Gas flow rare(mslh)
£
o
N
Error

»
o
=

4.6

Obsenvation Observation

n. waangarnaeuiuYeyas . AIANUADIAAADY

A = ] A g
E'IJ“VI V.3 WaﬂWiﬂﬂﬁﬂUﬂl@ﬂﬂgﬂPjﬂﬁ@u (take In) AYNTDADDYLLUULBIULTU
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4.64

4.63

Gas flow rate(mglh)
S
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N

»
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2

—6— Test data

Obsened data

Error

4.6

Observation

-0.002

-0.004

-0.006

-0.008

-0.01

-0.012

-0.014
0

Obsenvation

n. HANYANATOUNUTDYADF

U

Q€. ﬂ'”ummﬂmﬂmﬁau

31N v.4 wamInadoUUIYANAR O (take In) AI8N1TDADDIUULITUTU

] o a 4
M9i 1.2 agiragadoyainaouivyadeianadoy (take In) 11NMIUATIZHN150A00Y

a 9
LYY
y.= 5.7949-0.059993x, —0.02832x, ~0.15834x,
2
MSE R Sy/X
train test train test train test
8.54x10° | 8.40x10” | 0.6376 | 0.5519 | 0.0029 | 0.0092

(v-2)

v Y Y
Taof v Usadid (kg/h), x, Ao UsuauFomasdinig (kgh), 1az x, AvgUHAN (°C)

Y
wazdulsay y Aesasims WaveuFonas (m'/h)
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@ a J a
ﬂﬂﬁ@uﬂ‘UGlgﬂsfl}ﬂuuaﬂﬂﬁ@U‘MﬂﬂWﬁ'JlﬂﬁW%Wﬂ15ﬂﬂﬂ@ﬁlLL‘UUIWﬁ

Tuilgagaunaea

y =1790.6 — 96.892x, +5.3216x, — 5.0149x, — 21.315x2 — 0.017936x5 + 0.0036664x2 (1-3)
+0.88218x, X, — 0.0080243x, X;+0.19618% X,

MSE

y/x

train

test

train

test train test

0.0558

0.5104

0.7695

0.2312 | 0.2362 | 0.7144

H Y Y
Taof v Ysmud (kg/h), x, Ao Usuadomasdinig (kgh), uaz x, AvgUHAN (°C)

(% A v dy a 3
tazdulsa y ADEATINT 11avD I WAL (m/h)

o [ dy Aa A 3
aﬁﬂmillﬁmmm%@mammﬂﬁzmm 100 m /h

= 9 a = o w d'
‘lzﬂpjﬂﬁ@u (take In) Aremsnanoouuy Ina lfisadnundes

4.64

4.62

Gas flow rate(mS/h)
B
>

»
@
©

4.56
0

Error

Observation

0.03

0.025

0.02

0.015

0.01

Observation

=X o 9 a
. Nﬁ%?ﬂ%ﬂdﬂﬂ@ﬂﬂﬂﬂlﬂyjaﬂiﬂ

U

€. ﬂ'wmwmmﬂmﬁﬂu

A & 9 a = o v A
51N v.7 Naﬂ"ﬁﬂﬂﬁﬂﬂ"ﬂ@ﬂ"ljﬂdﬂﬂ@u (take In) Aremsanoeouuy Ing lulsadinunded
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4.64

4.62

»
o

Gas flow rate(mglh)
S
o
0

4.56

Error

4.54
0

0.022

0.018
0.016
0.014

0.012

0.008

0.006
0

0.02

0.01

T T T T
| Error test data

n. HAIINYANATOUNUTOYAD5 <

V. ﬂ'Wﬂ’NiJﬂﬁW]Lﬂaf]u

A Y a = o o A
zﬂﬂ V.8 HANITNATOUVDIYANATDY (take In) Aremsnaneuuy Ing Iulsadiaunaes

] - a d
M3 1.4 agdwagadeyardnaeunugatoyanadoy (ake In) 1INN1TANTIZHNITOADDY

uuvuIna Tuieagivunaod

y = 733.22-18.275x,+18.04x, — 232x; — 0.73641x7 ~ 0.34767x5 +18.359%;

+0.65783x, X, — 2.4302x, X3 +2.5486%; X3

(u-4)

MSE

train

test

train

test

train

test

3.05x10"

1.60 x10™

0.6651

0.6233

0.0175

0.0127

1 E4 Y
Taedl x, Ao USuadid (kg/h), x,Av Ysuausemasdinig (kgh), 1ag x, Aoguugil (°C)

Y
wazdualsay y Aesasins WaveuFonas (m'/h)



114

A
A
Jygaaaunaiy

U. AU TALAADU

o

=

TwaTu

v
=

[

o

Jeagwunaiy

A11szual 100 m’/h
Twa Tu

a a

Y

O E R GREY

2]

ﬂﬁ@uﬁlﬁﬂﬂﬁﬂﬂﬂﬂﬂlmﬂ

Tviau

I

BRTINII

%A

Y

: : : : : < -]
o1 I I I I 3
s | | | | | H sz
= | | | 2
Hg|— [l e B = 5
£ | I I m How
2 I I
WYl 70 _ [ SRR P = =
| | = L@ 3
I I 1@ Y
: ! ° g —
e e ”\\\\”\\\\1 m om e ..m
R G S m
e Bl Mt \\J\\\J\\\\am & = | peede-toE [
| 8 = =
o r—
\\\\\\\\\\\\\\\\\\\\\\\ © & (G e Het Bl
— | |
&= i
S N < . a
= 2 o
= R +
\\\\\\\\\\\\\\\\\\\\\\\ ~ X | | | | |
| | ! ! @ | I I I I
! ! ! , (e I I I | | .
| | | | | Q 1=} Q o Q (=3 Q
L S , ° & B ® R B 8 B8
B B8 ® & & & 8 = = sou3
Jou3 - (]
S =
qd
— g ym °& , :
R I
£ [ @ °G g oo
S o] - w © = i S R B I
= T e < 1= 58 TR
@ £ T —0 2 9
SE | L1 . T s = R s
[ e e = y% = Mlo [
[ [ Py G [ [
! ! ! ! — ® = i i e el o A
I R S U T =) 3 m Qm | | | | |
I [ | [
| | | | | 8 w ® = iy &
R o & c 3 = | [ I g
” T 2 = = 2 ” L 2
| [ o = &= ® T o
(I T I R N R R © & fad = | A
| T T T Wq P m R
I [ e
” TR = G - , o
Ty B < @ < m | | | | |
I [ G o)) -1~ —r -1
| | | | | < N ) | | | | |
R R e o . & ym I [
! 1 ! T T = = = e
I [ [ T R B B
| | | | | | ﬂim @ | | | | | |
1 1 1 1 1 1 1 1 | 1 | |
E\mEvmuﬁ MOJ} SeD w E\mEvmﬁ_ MO} se9
%n-

a

£

E)

9

. HANYANATDUNLUDY AT

Q

N V.10 HAaNIINATOUUVDIYANATDUAIYNITDADDYLU D

<1l

U




115

{ @ a J a
M350 1.5 djUnayadeyaindounugadoyanadouINMITAATIZHNITOAD0EMUD THE

U

=

Tuilgagaunaiy

y = —12640+38896x —1704.3x, + 36.414x; — 39396% X, +37.301X,X; — 0.22821% X,

—546.38% +1.5732x5 +127.46x5 — 0.79419% X, X3 + 227.59% % X, @5)
+10.727% % X3 + 2.6475% X, X, —0.090698x% X3 X5 — 0.092823x%, X, X5 '

+0.0060842 X, X3 X5 + 3956.5% +0.15243%; + 2.7635e-5x3

2
MSE R S,

train test train test train test

531x10° | 5.18x10° | 0.0012 | 0.0005 | 728.42 | 719.47

v Y 9
Taofl v Ysmuid (kg/h), x, Ao Uimansomasdinig (kgh), 1az x, AvgUHAN (°C)
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y = —12640+38896x, —1704.3x, + 36.414x, — 39396%X, +37.301X,X; — 0.22821% X

—546.38x% +1.5732X5+127.46x5 —0.79419% X, %, + 227.59% % %,
+10.727% ¥ X3 + 2.6475% X, X, —0.090698% X3 X3 — 0.092823X, X, X3

+0.0060842 X, %3 X5 + 3956.5% + 0.15243x; + 2.76356-5%3

(v.6)

MSE R S

y/x

train test train test train test

0.0289 | 0.0549 | 0.6695 | 0.5312 | 0.1701 | 0.2343

1 E4 Y
Taodl x, Ao USunadid (kgh), x,Av Ysuausemasdinia (kgh), 1ag x, Aoguugil (°C)

Y
wazdudlsay y Aesasims WaveuFomnas (m'/h)
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y =153.43+ 0.49704%, — 0.0093196x, — 0.044413x, (4.7)

MSE R S

train test train test train test

0.0767 | 0.0770 | 0.3517 | 0.3301 | 0.2769 | 0.2775

v Y Y
Taedl x, Ao USuadd (kg/h), x, Ao Ysmansemasdiuia (kgh), 18g x, Aoguugil (°C)

Y
wazamilsay y Aeon31ns 1Maveasainad (m'/h)
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MSE R’ Sy
train test train test train test
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y = 4256.6 + 581.5% —1.1651x, —13.511x; — 0.85461x% + 0.00082605x2

(v.9)

+0.01082x2 — 0.18283% X, + 0.0020786x, X, — 0.81131x,X

MSE

y/x

train test

train

test

train test

6.34x10" | 0.4631

0.9946

0.2234

0.0252 | 0.6805
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y =1664.2+ 65.681x, — 4.6119x, —511.46x, — 0.016009x2+ 0.021251x2
+39.404x2 — 0.18679% X, +0.69923%,X; = 9:9092x, X,

MSE
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y = 448+16x, — 2.625X, — 0.0625x, — 22% X, +0.13672X, X; — 0.00097656x, X,

+3.25x% —0.010742x2 — 0.046875x2 + 0.0037842x X, Xq + 0.25% X X,
—0.17969x; % X3 — 0.050781% X, X, + 0.00020504%; X5 X3 — 0.00016403X, X, X5

+1.00146-5%, X3%; + 22.5x>+0.0011597x; +4.7684e-7%3

(v.11)
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train test train test train test
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y = 448+16x, — 2.625X, — 0.0625x, — 22%, X, +0.136 72X, X; — 0.00097656x, X,

+3.25x7 —0.01074254 -+ 0.046875x; +0.0037842x, X, %5 + 0.25% % X
—0.17969x%; % %3 — 0.050781% X, X, + 0.00020504x; X3 X3 — 0.00016403X, X, X3

+1.0014e-5x, X3 X3 + 22.5% +0.0011597x5 +4.7684e-7%3

(v.12)

MSE R S

y/x

train test train test train test

4.63x10° | 4.33x10° | 0.0015 | 0.0009 | 68.04 | 65.78

v Y 4
Taof Ao Ysadid (kg/h), x, Ao UsuauFomasdinig (kgh), 1az x, AvgUHAN (°C)

Y
wazdulsay y Aesasims WaveuFomnas (m'/h)
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y = 70.082 — 0.74504x, +0.22215x, + 0.20475%,

(v.13)
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y = —940.28+ 313.04x, —52.42x, + 6.8844x, + 7.73x? + 0.15264x2

—0.0066224x2 —1.9862x X, + 0.061333x,X, — 0.41187x, X,
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y = 94456 — 20229x, + 5184.1x, — 982.78X; +1191.3% X, — 82.463%,X, + 0.34467x, X,

+193.98x2 +13.667x% —30.537x3 + 0.04425x, X, X3 —1.8821% % X,

(v.17)

—3.9224%; % X5 — 0.61792X%; Xy %o 4+ 0.10447% X3 %5 + 0.12644%, Xy X3
— 0.036406x, X;X; + 37.895% +0.017677x; + 0.0015661x3

MSE
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test

train

test

train test

5.40x10"

4.86 x10"

0.0003
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232.36 | 220.45

1 E4 Y
Taofl x, Ao USunadd (kg/h), x, Ao Yimansemasiuia (kgh), 18g x, Aoguugil (°C)
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Gas flow rate(mslh)
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Taoh x, Ao Ysualid (kg/h), x,no YSuan¥omastiuia (kgh), Lay

y = 94456 — 20229x, + 5184.1%, —982.78%; +1191.3% X, —82.463X, X5 + 0.34467X% X,
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—3.9224%; % X5 — 0.61792X% X5 X5 + 0.20447%; X5 %5 + 0.12644X, Xy Xg

— 0.036406x, X;X; + 37.895x° + 0.017677x5 + 0.0015661%5
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Performance is 3.84853e-006, Goal is 1e-005
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Abstract: - The use of renewable energy sources becomes more necessary and interestingly, wider application
of renewable energy devices at domestic, commercial and industrial levels is not only resulted in greater
awareness but also significantly installed capacities. In addition, biomass principally is in the form of woods
and more than that used in form of energy by humans for a long time. Gasification is a process of conversion of
solid carbonaceous fuel into combustible gas by partial combustion. Many gasifier models have various
operating conditions thus the parameters were kept in each model are different. This study applied the
experimental data which have three inputs that arc biomass consumption, air flow rate and ash discharge rate
and one output is gas flow rate. For this paper, response surface methods was used to identify the gasifier
system equation that suitable for this experimental data in this paper and the method were used to identify
gasifier system model were multiple linear regression, quadratic model and cubic model. In the result, cubic
model was better way from three methods to get the answer.

Key-Words: - Gasifier System, Identification, Response Surface Method

1 Imtroduction Unless like fossil fuels biomass does not add carbon
dioxide ‘to the atmosphere as it absorbs the same
amount of carbon while growing. It is the cheapest,
eco-friendly, renewable source of energy [4].

Power generation from biomass has emerged as a
very interesting complement to conventional

The use of renewable and supstainable energy
resources will play a major role ‘in thany aspects of
electricity generation. In particular, O due  to
environment issues and ever increasing energy
demands, the world is forced to look for alternative ; R
energy sources. Also, it is anticipated that shortage sources of energy because of its contribution to the
of hydrocarbon fuel will be inevitable. In terms of reduction of the green house effect [1]. Biomass is
population growth, it has been estimated that by the recognized to be one of the major potential sources
year 2060, the world population will be in excess of for energy production. There has been an increasing
12 billions. Currently, over 80% of the crude oil interest for thermochemical conversion of biomass
reserves are under the control of only ecight and urban \w_’astes for upgrading the energy in. tel.'ms
countries. Therefore, a number of strategies, such as of more easﬂy handled fue‘ls_. namely Zases, liquids,
special tariff and subsidy agreements, have been and charcoal in the past of decade. It is a renewable
established in many countries in order to stimulate source of energy and has many advantages from an

the research and utilization of alternative energy ecological point of view [2]. Biomass fuels are
sources [5]. characterized by high and variable moisture content,

Biomass is organic material, which has stored low ash content, low density, and fibrous structure

solar energy from sunlight in the form of chemical 31 ] ) ] )

in the plants through the process called Biomass gasification is a technology that
photosynthesis. Biomass fuels include agricultural transforms solid biomass into syngas. It is important
wastes, crop residues, wood, and woody wastes etc. and efficient energy conversion technology along

ISSN: 1109-2777 629 Issue 6, Volume 9, June 2010
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with interventions to enhance the sustainable supply
of biomass fuels can transform the energy supply
situation in rural areas [2].

Gasifier system is an important part to produce
fuel gas. This paper studied the experimental data
which have three inputs that are biomass
consumption, air flow rate and ash discharge rate
and one output is gas flow rate. This is the energy
conversion technologies which is suitable for small-
scale.

The response surface method has been widely
used in practical engineering design optimization
problems [6]. This method originates from science
disciplines in which physical experiments are
performed to explore the unknown relations
between a set of variables and the system output,
and these unknown relations are modeled as
polynomials using the least square method. These
straightforward polynomial models allow the
objective and constraints of the optimization to' be
evaluated quickly to obtain better search points for
more accurate surrogate models and eventually
converge to the global optimum [7].

This paper is divided into five sections. Section 2
presents gasification system. Section 3 presents
response surface method. Section 4 shows results.
Finally, conclusions are presented in section 3.

2 Biomass Gasification

Biomass gasification is a Technology that
transforms solid biomass into syngas ( hydrogen and
carbon monoxide mixtures produced from
carbonaceous tuel). Biomass fuels are characterized
by high and variable moisture €ontent, low ash
content, low density and fibrous structure. In
comparison with other fuels, they are regarded as of
low quality despite low ash content and very low
sulfur content [1]. Biomass gasification system
consists of 2 main parts. They are gasifier and gas
cleaning system. For the first part, this paper used
downdraft gasifiers which are simple and robust.
The gas exiting the reactor flowed through a cyclone
and scrubbers just to remove a dust and the tars.
Next, the clean gas passed through several heat
exchangers to condense water vapor. After that, the
gas was conditioned to be used in the internal
combustion engine [1]. Figure 1 show the biomass
gasification system which consists of gasifier, gas
cleaning system and engine-generator.

2.1 Gasifier

Biomass gasification converts solid biomass into
more convenient gaseous form. This process is
made possible in a device called gasifier. The

ISSN: 1109-2777
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gasifier was a cylindrical reactor which had the
moving bed of biomass rested on a perforated
eccentric rotating grate which was at the bottom of

gastfier

/ gag cleaning system

‘ engine and generator

Fig.1 shows biomass gasification system.

the gasifier. The ash fell through the perforated
grate to be collected in a lower chamber. The
biomass feeding at the top of gasifier after that
biomass was burnt in process zones. Finally, the
gasifier received producer gas [4].This is the energy
conversion technologies which is suitable for small-
scale. Figure 2 shows process zone for downdraft
gasifiers

2.1.1 Process zone

Four distinct process take place in a gasifier as the
fuel makes its way to gasification. They are:

a) Drying zone

b) Pyrolysis zone

¢) Combustion zone

d) Reduction zone

1y}

BIOMASS

\

Drying zone

Pyrolysis zon

o

Tar free
_ Gas >
__Ash_

Fig.2 shows process zone for downdraft gasifiers.
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2.1.2 Reaction chemistry
The following major reactions
combustion and reduction zone [12]

take place in

Combustion zone
The combustible substance of a solid fuel is usually
composed of elements carbon, hydrogen and
oxygen. In complete combustion carbon dioxide is
obtained from carbon in fuel and water is obtained
from the hydrogen, wusuvally as steam. The
combustion reaction is exothermic and yields a
theoretical oxidation temperature of 1450 °C. The
main reactions are:

C+0=C0,

(+393MI/kg mole) (1)

2H,+0,=2H,0 (-242Ml/kgmole) (2)

Reaction zone
The products of partial combustion (water, carbon

dioxide and uncombusted partially cracked
pyrolysis products) now pass through a red-hot
charcoal bed where the following reduction
reactions take place.
C+CO, =2CO (-164.9MJ/kgmole)
3)
C+H,0=CO+H, (-122.6 MJ/kgmole) (4)
CO+H,0=CO,+H, (+42MJ/kgmole) (5)
C+2H,= CH, (+75MI/kgmole) (6)

CO,+H,=CO+H,0 (-42.3MVkgniole) .. (7)
Reactions (3) and (4) are main reduction reactions
and being endothermic have the capability of
reducing gas temperature. Consequently the
temperatures in the reduction zone are normally
800-1000 °C. Lower the reduction zone temperature
(~700-800 °C), lower is the calorific value of gas.

Pyrolysis zone

Up to the temperature of 200 °C only water is driven
off. At temperature of 200 to 280 °C carbon dioxide,
acetic acid and water are given off. The real
pyrolysis, which takes place between 280 to 500 °C,
produces large quantities of tar and gases containing
carbon dioxide. Besides light tars, some methyl
alcohol is also formed. At temperature of 500 to 700
°C the gas production is small and contains
hydrogen. In downdraft gasitier the tar have to go
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through combustion and reduction zone and are
partially broken down. Since majority of fuels like
wood and biomass residue do have large quantities
of tar, downdraft gasifier is preferred over others.

Drying zone

The main process is of drying of wood. Wood
entering the gasifier has moisture content 10-30%.
Various experiments on different gasifiers in
different conditions have shown that on an average
the condensate formed is 6-10% of the weight of
gasified wood. Some organic acids also come out
during the drying process. These acids give rise to
corrosion of gasifiers.

This paper interested in four parameters that
were three inputs and one output. Three inputs were
biomass consumption, ash discharge rate and air
tlow rate. The output is gas flow rate.

3 Response Surface Method

Response surface method is a statistical and
mathematical method that gives an effective
practical means for design optimization. When
response y, which should be taken into
consideration for design, is determined as a function
of ‘multiple design variables x;, the behavior in
response surface method is expressed by the
approximation as a polynomial y:f(x!-) on the
basis of conservation data [8],[10]. The response
surface method postulates a model of term:

v= {00, ) +E (8)
Whererthe form of the true response function y is
unknown or very complicated, f (xl,xz,...,xk) is a
known polynomial function of(xl.,xz,...,.ri), and €

is a term that represents random error. It is assumed
to be normally distributed with mean zero and
variance.

Because the form of y is unknown, it must be
known
The

approximation for y, the accuracy is higher. In

approximated by a
functionf(.r] B X ) .

polynomials

more  suitable

general, the first-order polynomials are [9, 11]

k
y=b +Zblu\'i +&

i=l

)

The first-order model is likely to be appropriate
when the experimenter is interested in
approximating the true response surface over a
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relatively small region of the input variable space in
a location where there is little curvature in f .

For a quadratic response function with &
variables by a regression model, it is expressed by

(10)

y=b,+ ibﬂ; +Zk: b_-;-xf + i i bifxfx:' +e(10)
=1 ]

=1 j=i+l

And, a cubic response function with k variables
by a regression model, it is expressed by (11)

y=h, +zk:b!.xi +Zk:bk.xf + i i byx.x,;
i=l i=1

i=l j=i+l
+ iiibjj,xix,.x, +&
(11)

For this paper, the response function with =3
variables, the first-order polynomials is

y=by, +bx +byxy +byxy +e (12)
the quadratic response function is

y=5by +bx; +byx, + by x; + b, x5+ by

2 5 - L
+ Dy Xy X + Dy X+ by Xy By e

(13)
the cubic response function is
y = quadratic model + 5,5, %, %, x; + 5, _1:|2 Xy
2 2 2 G,
+B XX + Dy XX + B+ By
2 3 3 3
+ D333, X5 +Dy 4]+ Byp X + DG HE
(14)

where

x, is biomass consumption (kg/h)

x, is ash discharge rate (kg/h)

x, is air flow rate (kg/h)

v is gas tlow rate (kg/h)

Then, n sets of observation data in correspondence

with design variables can be expressed by matrix
representation in (15) and (16)

Vi Loy x, X || B &
Yoo | |1 oEy Ry X, |l b €5
= . +

l .
In 1 X X2 Xk brz €y

(15)
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y=Xb+e (16)

Coefficient vector b is obtained by the following
equation using the condition where the square of
error is minimized:

b=(x"x)" X"y 17

where X the design matrix of sample data points is,

x' s its transpose, Y is a column vector
containing the values of the response at each sample
point.

By obtaining coefficient vector b from (17), the
response surface is prepared [8].

4 Results and Discussion

The method described in the previous section was
applied to estimate the coefficient of model. Fig.3-5
show values comparison of response surface method
with observed data in different equation model. Fig.
3 presents comparison of linear equation with
observed data. Fig4 presents comparison of
quadratic equation with observed data. Fig. 5
presents comparison of cubic equation with
observed data. From these answer, the error value
can calculate by using values from experiment
compared with values from response surface method
as shows in Fig. 6-8. Fig. 6 presents gas flow rate
error with linear equation. Fig. 7 presents gas flow
rate error; with quadratic equation. Fig. 8 presents
gas flow rate error with cubic equation. Table 1
shows .the experimental data test for solving
response surface method which was kept at biomass
power plant in Suranaree University of Technology.
Table 2 presents the gas flow rate which
approximated by using response surface method
(linear equation, quadratic equation and cubic
equation). Table 3 presents error values from
different method. These errors were used to consider
the response surface method which should be to be
represented the gasifier system that had three
outputs which were biomass consumption, ash
discharge rate and air flow rate and one output is gas
flow rate. From three equations, the cubic equation
is most suitable than others equation for this
experimental data. In the future, the method which
better than three methods may be used to solve and
present replace such as artificial intelligent (fuzzy,
neuron network, etc.) which can used with
complicated system and widely use in engineering
fields [13-34].
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Table 1: Experimental data test for solving response
surface method
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i X, X v 119.60 12.90 117.5429 | 220.4442
103.90 13.00 117.2899 | 221.5537 X ) Xy y
138.30 15.20 117.7695 | 218.2254 114.80 14.60 117.9394 | 215.7846
108.60 15.30 116.5175 | 2254367 117.00 12.10 117.8948 | 216.0065
119.40 13.80 116.2114 | 226.8789
117.50 16.50 116.3934 | 2259914 Table 2: Comparison the answer from response
124.80 1430 | 1159330 | 227.9884 surface method
107.50 14.50 115.8788 | 228.2102
138.10 14.00 115.4149 | 230.2072 y trom y trom y from y from
114.00 16.20 114.7040 | 232.9808 data linear quadratic cubic
128.00 12.30 114.6112 | 233.2027 221.5537 | 2241418 | 223.7887 | 232.4226
85.10 14,30 114.6112 | 233.2027 218.2254 | 233.7366 | 22495082 | 220.2762
134.50 13.90 116.3644 | 241.3015 2254367 | 231.8209 | 231.9196 | 230.9956
119.50 14.60 116.3415 | 237.0857 226.8789 | 233.7054 | 236.1938 | 236.3622
123.20 13.90 116.3644 | 239.6374 2259914 | 236.2436 | 236.7139 | 230.8330
124,60 13.20 116.3644 | 239.3046 2279884 | 236.9332 | 238.4906 | 239.0053
128.10 15.00 116.3644 | 2409687 2282102 | 233.1437 | 234.7633 | 233.9202
105.70 12.90 116.3644 | 239.6374 230.2072 | 242.0234 | 241.1779 | 234.6349
92.40 13.50 116.3644 | 238.1951 2329808 | 242.1413 | 236.2022 | 232.0724
149.30 15.70 116.3644 | 2393046 233.2027 | 240.5492 | 230.9283 | 233.9752
111.00 14.90 116.3644 | 238.7499 2332027 | 232.6885 | 228.1107 | 235.6134
112.60 15.30 116.3644 | 242.6329 241.3015 | 236.9482 | 239.7238 | 243.9408
102.80 12.60 116.0728 | 227.4336 237.0857 | 2342981 | 235.7063 | 242.0908
142.50 14,40 116.5175 |1225.4367 | 239.6374 | 234.1392 | 236.4563 | 238.8243
85.90 13.90 116.5175 | 225.4367 2393046 | 233.5059 | 237.0372 | 235.7444
132.10 14,00 114,7895 | 232.6480 240.9687 | 236.8993 | 238.2797 | 246.3773
117.30 13.90 115.4245 | 2354216 239.6374 | 228.3870 | 233.0761 | 232.2378
125.60 12.30 114.4316 | 233.5355 238.1951 | 2259219 | 230.2470 | 235.9443
112.30 12.00 116.3283 | 226.3242 2393046 | 243.1506 | 246.6494 | 237.3718
119.80 14,20 115.7427 | 228.7650 238.7499° 2325083 | 233.5145 | 237.0982
103.00 9.90 11868389 | 214.1205 | 242.6329 | 233.4667 | 234.1439 | 236.9103
161.90 14.70 116.3644:).251.2864 2274336 | 228.4863 | 234.0327 | 231.4417
120.70 14,10 116.3644 | "253.7272 2254367 | 238.9864 | 241.7312 | 248.1160
138.40 15.10 116.3644 | 250.1770 2254367 | 2242154 | 227.7921 | 225.2218
134,20 14,80 116.3644 | 2592744 232.6480 | 243.1929 | 235.5359 | 232.0899
138.60 13.80 116.3644 | 258.1649 2354216 | 236.6717 | 236.1817 | 233.4258
104.10 13.50 115.6583 | 229.0978 233,5355 | 240.7168 | 2282097 | 236.4518
131.80 15.40 116.3644 | 2457393 226.3242 | 228.9197 | 235.6943 | 226.3865
127.30 15.80 116.3644 | 255.1695 228.7650 | 236.3598 | 237.3698 | 236.5295
117.20 13.30 116.7175 | 224.6601 214.1205 | 213.6197 | 209.1642 | 215.1954
117.80 10.70 116.3644 | 238.7499 251.2864 | 244 8810 | 250.3597 | 251.2532
115.00 10.80 1148220 | 2324261 253.7272 | 23377981 | 235.7885 | 239.5268
121.40 14.20 116.3644 | 251.2864 250.1770 | 239.5999 | 241.7452 | 245.9601
137.60 16.00 116.3644 | 246.8487 2592744 | 238.1353 | 240.0511 | 245.7369
133.20 15,50 116.1584 | 227.1008 258.1649 | 237.8272 | 241.0059 | 247.5644
128.30 14.70 117.7502 | 219.3348 229.0978 | 231.8348 | 234.1183 | 233.1635
119.70 12.90 117.7502 | 219.3348 245.7393 | 238.3798 | 239.8535 | 248.0519
103.20 14.50 116.6633 | 224.8819 255.1695 | 237.8219 | 238.9032 | 248.2492
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224.6601 | 230.3041 | 232.8233 | 234.4443 10.5449 2.8879 -0.5581
238.7499 | 228.3109 | 239.2540 | 242.6230 1.2501 0.7601 -1.9958
2324261 | 234.3179 | 231.9957 | 2329261 7.1813 53258 2.9163
251.2864 | 234.1123 | 235.9816 | 240.3618
246.8487 | 240.6627 | 242.7187 | 247.2194 ] 3BT L
y from y from y from y from 7‘59%8 8‘60%8 7‘76“1'5
data linear guailitc cubic En'c?r from Error trqm Error t_rom
227.1008 | 239.7445 | 241.5385 | 2469711 negr quadvatiy cibie
219.3348 | 2306319 | 221.5105 | 2232733 e S e
219.3348 | 225.9708 | 221.1655 | 219.4175 . - —
2248819 | 2287367 | 2292315 | 2317332 20054 =0.9367 0530
2204442 | 226.8280 [ 224.4592 | 225.3833 -19.9291 -17.9387 -14.2004
215.7846 | 226.3308 | 213.1743 | 213.2890 -10.5771 -8.4318 -4.2169
216.0065 | 223.5628 | 219.8892 | 215.7291 -21.1391 -19.2233 -13.5375
-20.3377 -17.159 -10.6005
Table. 3: Comparison the error with different 2737 5.0205 4.0657
equation model on response surface method 73595 5.8858 23126
Error from Error from Error from -17.3476 -16.2663 -6.9203
linear quadratic cubic 5.644 8.1632 9.7842
equation equation equation -10.439 0.5041 3.8731
2.5881 2.235 10.8689 1.8918 -0.4304 0.5
155112 6.6828 2.0508 -17.1741 -15.3048 -10.9246
6.3842 6.4829 5.5589 -6.186 -4.13 0.3707
6.8205 9.3149 94833 12.6437 14.4377 19.8703
10.2522 10.7225 4.8416 11.2971 21757 3.9385
8.9448 10.5022 11.0169 6636 1.8307 0.0827
49335 6.5531 571 3.8548 4.3496 6.8513
11.8162 10.9707 4.4277 6.383% 4.015 4.9391
9.1605 3.2214 -0.9084 10.5462 -2.6103 -2.4956
7.3465 -2.2744 0.7725 7.5563 3.8827 -0.2774
-0.5142 -5.092 24107
-4.3533 -1.5777 2.6393 For this paper, the response function with the first-
27876 -1.3794 5.0051 order polynomials from equation (12) is
-5.4982 -3.1811 -0.8131 y=679.1520+ 0.2486x, +1.4018x, -4 2549,
-5.7987 -2.2674 -3.5602 (18)
-4.0694 -2.689 5.4086
=LL2o0A 52613 ~1,3080 The quadratic response function from equation (13)
-12.2732 -7.9481 -2.2508 T - 1
3.840 7.3448 -1.9328
-6.2416 -5.2354 -1.6517 y=(-60830) + (-6.4469) x, +(98.189).x,
-9.1662 -8.489 -5.7226 +(1049.6) x; +(0.019073 ) x,x, +(0.051547) x,x,
1.0527 6.5991 4.0081 +(-0.94989) x, v, +(0.0018346) X7 +(0.3572)
13.5497 16.2945 22.6793 +(4.5033) 2
-1.2213 2.3554 -0.2149 . ’
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The cubic response function is from equation (14)
is
y=(8.2015¢+006) +(-2796.2 ) x, +(-11704)x,

+(-2.0779¢+005) x, +(5.2532) xyx,
+(47.321) a5 +(200.53) oy +(-0.025587 ) a7
+(-11.763) 3 +(1754.6) x5 +(-0.035694 ) x; x, x,
+(-0.032769) x”x, +(0.0031139) x’x,
(0.24306)x,x3 +(-0.20375) x, x5 +(0.22478 ) x3x;
-0.87786)x,;5 +(0.00035003) x5 +(-1.0499) x3

+
+
+(-4.9363)x;

5 Conclusion

Gasifier system is an important part to produce
fuel gas. It is the good way to know the function
which can use to predict the results. This study
applied the experimental data which have three
inputs that entry the system are biomass
consumption, ash discharge rate and air flow rate
and the output of system is gas flow rate which
means fuel gas that used in the internal combustion
engine. In the results, cubic equation is better than
linear and quadratic equation. So the represent
equation of gasifier system for this experimental
data is shown in equation (20).
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