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ABSTRACT

The purpose of this thesis was to design a small fluidized bed gasifier using palm
cake as fuel. In beginning, the diameter of fluidized bed gasifier (D) was designed at D=20
cm. Then, the reactor of fluidized bed gasifier was studied numerically. A 3-D numerical
model of the reactor was created using a commercial software of ANSYS Ver.15.0
(Fluent). The reactor was cylindrical, and the reactor length was 7.5D. The comparison
of the effect of (1) single air inlet, (2) double air inlets and (3) air inlet positions on swirling
flow in a fluidized bed gasifier were studied based on the same mass flow rate. The air
inlet pipe was assembled tangentially to the bottom of the reactor. The geometry of
the reactor bottom was conical. The results showed that swirling flow at the bottom of
the reactor for the case of double inlets at position of Y/D=0.75 (Y/D=0 was the end of
reactor bottom) was the most suitable. In the next step, a small pilot scale of bubbling
fluidized bed gasifier was designed and fabricated. The feedstock was palm cake with
the size was less than10 mm. The mass feeding rate of feedstock was fixed at 0.05
kg/min, and flow rate of air was varied according to Equivalent Ratio (ER) at 0.03, 0.06,
0.19, 0.31, 0.49, 1.17, 1.43 and 2.64, respectively. Based on the result obtained in this
study, it was found that the ER which can be provided for continuous operation was
0.19<ER<1.17. For the syngas production study at the ER of 0.06 and 1.43 could not run
continuously. Moreover, the result found that the syngas production was incombustible
at ER=0.03 and 2.64. Finally, the thermal efficiency of the fluidized bed gasifier was
evaluated, which Equivalent Ratio at ER = 1.17, 0.49 and 0.31. It can be concluded that

the thermal efficiency of the reactor is increased.
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C+ O, — CO, + 393.8 kJ/8mol (2)
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C + 2H, = CHy + 74k)/gmal (8)
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Wialglunssulrunsmeanudaunudls 3 Usenn fedl
1. Andiuauiadlnioas (Fixed bed gasifier) Woindsneluniadlnioasuinilazil

M3095U 19U PN Anegiun aumgiveuiaideinds (Syngas) Auseana 425 — 650

U 9

a & & a ¢ v | % a A v
°C LG]']Wﬂ“UL‘U@ILLﬂﬁGUVLWL@@ﬁﬂﬂ?ﬂlﬂiﬂLLUQI@]W']MVIWW]'Nﬂ’]ii‘wasﬂgﬂﬁ)’]ﬂ’]ﬂ‘wLGU']ﬂJ']LLagﬂ’]i

aaa &

L a U a aa U a 23 ¥ a =
GﬂﬂLﬁEJ\W]’JGU’eNﬂ’]iLﬂ(ﬂU{]ﬂiEﬂLLﬂﬁ"‘UWLﬂeﬂ‘u meluednuials 3 vila Ao

1.1 wufadiinduwuueinialvaly (Updraft sasifier) wanslugui 4(a) wuan

(%
v o Y

whawuuilidunuudienan ndnnisvinu fe Fuangnastdutumnlug, Fusandu, dundu
aany waztuanANTRIATuINMINaU Weamaszgnleuidigdimuuveuni 91nAagidn
UINNAUE BaTUAABLNEIIERENNIIAN YUY TaRYRLANILUUTRBAM SALRNUT0

1 a S v & o Yo Ao & 9
wiagawmddlalagldloudndie wenantudeanunsaldiudunaninnuiuadls 9199z as



]
a =

lfeSeeay 50 lnefigaumgiiindeveuiaideinds MeonanmuIzAout IR UTENN

120 — 150 °C 119991 TUNIDNVDILN ALY DLNAI LURANUT U LAY WAL AINALAL AT LA

Nepnunsonduuiadolnas (Syngas) 1y WsuRy

Gas Drying

Drying
Drying
Pyrolysis

Pyrolysis
- Reduction
Reduction

Combustion

Air
(@) wuuanalvady (b) wuuainialuaad (€) LuUaINALAaAINYING

JUN 4 Ussamvesiindiuaufiadinieas (6]

1.2 wufa@iiiaduiuueinialuaas (Downdraft gasifier) uandluzun d(b) nanns

I ¥ v
v v @ N v

[ A ] ' [ a o 1d & £ ! v &
I fie JuagaIsutusindu deudutusnindoinimasgnadlvadillugul du

NAUFANYLALTUARANUTUD ATULIANNAIAU LTDNAIIL TEN AUV ULAIEITILLREIINT

nauaayazAsasdutuN ludvinlmAan s Indanssemenis o Nearad 900 — 1,200

9 Y

oC hluRadeimasiinanonunlifulnmnnarsseve luduslndazinmsoonuuilfidy
roraaLiiaTulienniad Tinqussasdifioiiuntswlndlfidoamelunisaastifuiu
paunpiladsvosufiaomas (Syngas) foonunainmmiAeutiegennyUssain 450 - 550
°C

1.3 wuiadiliadusuuainialnaniueing (Crossdraft gasifier) LLam’LugUﬁ' 4(c)
L.mwnwuﬁ%LﬁuLLUUﬁLﬁﬂLLazL.mﬁqm MANANTYINY Ag L%aLwﬁa%gﬂﬂaumﬂmqﬁmuu

YDUPT LALHANINITIAAVDIINIALAIRINAULUILNUYDILA mmngﬂdamﬂﬂﬁﬁmm

Y 7 7
[ S v A

lniuaysoluFaruiandu Jeisaestudazidutuan q 1MauseaiumuLuILou@MITONER

123 A a Y 3 ! a s & al sl [
WAaELToLNEAY (Syngas) Lasaniafindiuauiadlnieasdnaesuuy ins1esseen1alunis

[
1Y

Ufseaundt gaumgiadeveuiawamaiioanunatnemagligann



2) wgdladiuaufadlnieas (Fluidized bed gasifier) Lwnufiadlvoosnd
ANUMLNZAUA UL DINAIU9TTRA U L TDIWAINTUInLEN TAMUBUILLULAY USunaueaan
wazanuniinisvasuaivenings lummdaufiatonavgivaiuduveatomauds e

WNAIIULEIVDIDINADIATNT S %’UL%Lwaqﬁmqa&jwﬁmaasﬁ’a TumausuAALALENIUY

[
a

Womdsaglasuanuiouainaeuenaudioumgiauaugaialn vasaintueindazgn

Jowhegsainave nswnltniagiiniusnaniglumin aunsaiiauiigumgiisn

=2

Use70 800 — 900 °C aRNTNYANARUMAIVRNILS Lnegungivean1sw brdluaznis

[

Wanuawelnasazindunseuiuianensiingdladiunvedansiinaiausiionin

=%

wgdladiuaufatimonddioansoniaiiaruiig fduledinisgydedomaduiueinia
UNdmLLazuRATaINAS (Syngas) efloyniedulzlugs Fsudnanaieufizeinisnlg
Inlslada uasufadfledu asfnludianfertuldfnisuiuenogiedpou Soilrhiduiu
Fevueglufmdudedussuuiindiunuuilvaty dwiumufadlosselinmgdaladiun
anusauuseandu 2 wuu Aewuutualuaiy (Circulating Fluidized Bed gasifier) waguuiu
ANB981n1A (Bubbling fluidized Bed gasifier) [7]

2.1 wuuLuane9Ie1n1A (Bubbling fluidized Bed gasifier) é'QLLam‘lugﬂﬁ 5(a)
Usznouseuszgnisdiuan saondwiifuuinuiioniagnieudun dumsiuuues
Usegiireuanyudailifeliiomasduaiifvuadnidunfuseliussd iU jase,

a

okl N1sAIVANEMUMTazegR 700-900 °C FaazAruAulalagdnsIdIuTeninioIngsds

Y

akareINe Weinddunassgnuonaasluiuaieu (Hot Bed) Tinaneifuruludnuos
dutsznoutesuiadulszneviifihninlenagaasduusndauilondudatuauiouas
¥rluRatamaivsinamesisiuium Undudezdosnin 1-3 o/m?

2.2 wuutualvadu (Circulating Fluidized Bed gasifier) ﬁmamﬂugﬂﬁ 5(b) wiadlu
osuuviannsavienlaesosiuinnaimamn 4 167 wulugaamnssunsgas lne
wnvgnuyuglutieaunlvl (Reaction Vessel) warlelaauasiudiuiililunisuoniidn
ponyeduasdruduazgnuenidlulueuluniiEnafmiufadlnoos wuudamns
haulanglamnunugs

3) punsudiunauiadlnieas (Entrained bed gasifier) ﬁ’mamiugﬂﬁ 5(0) 18u

wnENTlnsvyUINYeteINIAiiodsiuAINSeuTE NI TR TaTIAE anuTuanslugun



a

6 Wilgaumgilagn 1,200 - 1,600 °C dnuWausl¥o WALy WU HeaUALLaIIOLNEAT

Y

= I3 [ £
drurawan o LlWuau

O

Gas O

Return Ash

Slag

Gas Fuel Oxygen and
O _u_ steam

(a) LUULUAND981N"A, (b) hUULUALAIY, (C) LUNSUAUALN AT IWLa S

JUN 5 Ussnnvesgdaladiunuasioumsudiuauiadlniens [7]

nsSeuiisuan1izn1sinauass ki asietuluwrazsdalawanal lunisng

7 1 warlumsnad 2 TowansnsilSeuiieutondasdeuaanwias easlukfasUsewnm

A15°197 1 dN1EMITINNUTDUMNILGaTUTELAN [6]

fuus Fixed bed Fluidized bed Entrained bed
FUATOINAS (Mmm) <51 <6 <0.15
mslidomasunaEnnin o9 A fann
nsldeundmunelnginin Aan A 1aif
qmwnﬁﬁwﬁaaﬂmﬂssuu (eC) | 450 - 600 800 - 1,000 >1,260
gauniilunmsiinUfisen (°Q) | 1,090 800 - 1,000 1,990
UTaNNIN (%) 80 89 80
ALY STULTUIALEN FTUVVUIANAN STUUIUIALAYY
Yeynvesszuu ﬁﬁ’lﬁuammzs@u mim?%augﬂ NsangUUNil
110 ANSUBY finey




AN51en 2 MsiSeuiisuniadineasuiazusewnn [5]

whadluieasiuu Fixed bed

whadleasiuu Fluidized bed

whadloas

LU Downdraft Updraft Bubbling Circulating Entrained flow
1.8nweuy 20 - 100 4. | 5 - 100 33l. YWD 1-10 4. | WuALan 1-10 4. | ALENIIN
voudomds | mwduliiAu | evwduliAy | feaeveude | darwdanduste uazdlnaty

20% 55% mMswasuudas mMsdsuuda laitAiu 15 %
i 6% | WnlaiAu 25% | anaduves ANATUTDA
\Fownds \Fownaa
20mnn | wiademddl | ufailondd | whademdailen uRadoindadian ufaidounaad
BN Aaufeuin | mAnufeun | anudeugs (HHY) | aaudeugs (HHY) | Aianadeugs
\Fowmaai (LHV) Uszanad | (LHV) 5 -6 Jsgua 5.4 Jsgund 5.4 Wuufaavern
{Anty 4.5 -5MJ)/m? | MJ/m3 MJ/m? SuSuna MJ/m? SuSunu fUsinashsiy
uiadowdedl | Usmnonhifuiy | difufudiunans | dufuudeutnege | Ausasufia
pazazen g deunmasy | uaziloynimru wileunadulyy | Timulzluey
Uztuagi Ueduagluufia agliay \Weaantios
L%@Lwéaﬁauﬁwqﬂ it
3. Useansnmw Useansnmw Useansnmw AUsgansn e HUszansnw
USLANTAN | VOSSP UUNER | 98958UUNER | TNALAsAUWIKT | SsUuNanwia YDITEUUNER
YDITLUU WREToLNES WRE oA LlUU Downdraft L%@Lwaaaq LLﬁﬁL%@LWéQQQ
wagaty | Ussanad 65 — | Uszunu 40 -
75 % 60 %
4UNRUDY | WNNEAUTIUY | WeAUsSEUU | wNgAussuu WNNEAUIEUU WINNEAUTEUU
JPUU WA 0.02 -5 | 3um 0.1 - 20 | vuIw 10 - 100 YUAlngnan 20 YUIALNENIN
MW, MW,, MW,y, MW,, 20 MW,
540807 | WNNZEInSU WALNZEINSU WLNZEIRTUNER WALNZE NS UNER WANNZEINTU
Tunsedn | naanasau NAANGI9U pasnulivne | wdsoulwiheue | sdanaesau
WU Iniwwm 0.1 | iowe 1 - | 10 - 20 MW, 2 - 100 MW, Iinunn 5 -
ol -1 MW, 10 MW, 100 MW,
6@ | i i GR R GR
7.03A- | 4 98 Uunang Uunang gIn

GHERAN
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1.3 ANsaUAULENESTINETRINUNUINYTNUS

wingdladiuauiadlnieas vun Lab scale

Xiao uayAug [8] lé’ﬁﬂmmiﬁwmamauﬁmmLLUigULﬂuL%aLwéﬁﬁm%’mszﬁ
ladiuaufiagliess (Lab-scale) vunidusiuagugnats 30 Tadiuns a9 560 dadiuns N3
veaeslesiiunsiigumaiveanmgdlauadufadlviessiigumal 400-800 ssrwalioa
Imsﬁﬁmﬂﬁ’mam&a (Equivalent ratio) A 0.2-0.6 HaIINNUITBLAASIATILINIAIAINLSOUY
(Low heating value) vasufiafildoanun (Syngas) Lﬁu%mﬁaqmmmﬁm%u 139 ANDNIIEIU
auyaana

Kim wazane [9] vinsAnwinisldmvigsladiuauiadlviess (Lab scale) vumwdu
rugunans 0.102 wng g9 0.97 was iordntndululefwaninnszuiunisinlslada
Fomadldlaun wWaenwanayan (Jatropha seed shell cake: JSC) nza1udu (Palm
kernel shell: PKS) ua nizangUrdatify (Palm fruit bunches) s13e veaidBaingnamngsy
Unduuazgaamnssuays1 wamsmaaeunuiitsiululefwaiildaniuienudnays g9

AngaUIaY kagngateunau

wingdladiuauiadlnieas auia Pilot scale

Ramirez lagAng [10] T1891UKANITANYITOY N1T00ALUULAZES1S Bubbling fluidized
bed gasifier dwmsuidamasanied sua 70 Alatad Fvwaduiugudnasuazaau
FUUDLAMNNAY 0.3 AT UaY 3 LIRS AR nseneiiliduienisoenwuu Bubbling
fluidized bed gasifier wazuanfalzn1smuInsiionmdsuiildainnisndnuia (Syngas)
LLazéTw‘hmstiaaﬂLLUULﬁyaaéTusuaa equivalence ratio, low heating value, volumetric
yield, gas power W@y cold efficiency

Herdel wagmauy [11] s1891unan1sanwiLiadlnioaswuuiunlnalu (Circulating
Fluidized Bed gasifier) lngldndalvifinowin 0.5 wnednd dvuadusiugudnananiely 0.4
wns Tnglimpaeddlulssrusunuuildanlufdudomas lumsmedeuldususnsnisiva
YeaTemanarerneiiiemannismsvnauvesssuuldedsaiie annismageuszU
annsavhaldegsioides 7 Julaglifinsngavs inviderufiaunfvessyuy

Makwana wazmme [12] 35edlanisAnuanssausmemudeuveamuiadinions
yiangdlaunduuy Bubbling Tasldidemasaindredn ilefiarsannisvhaulnedid sns

N5kaveI9INAIUYI 25 B4 31.3 Alansusadilue Wemyssansnnlunswasuansuay
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(Carbon conversion efficiency), Uszansninuasnie (Cold and hot gas efficiency) tag @
m'lamm%fau%mﬁ”al,%at,wéa (HHV of the producer gases)

Kaewklum waganz [13] lavinn1s@nwinisinvgdladiuauiagivions wuunyuais
diednwanuuanisvesguuuunslvaiiinlulumufadlvess dednwuuudiassnisiua
Tugesuuutuie (1) omevglnad U lualuwududaiuen uaz (2) esaniaey e
Tunwnnuvaam lagldwiawmnunszaeauds lunsmegevazldiandinats fie e
Feazgnuvndu 4 vuie luswAdeilifefnu nassweaninudu (Pressure drop across-
bed) Au mmL%W@ﬁmmﬂﬁﬂauwﬁwémm ANWILUUINRBINANAAIANSAINSUNISYIIUNY
suuuunslviavesenie, ﬁﬂmmmL%ﬁﬁﬁﬂﬁﬁ@ﬂ/\lgﬁlmﬁu (Umf :minimum fluidization
velocity) way Han9uesnUsuraumLiadliiess Lay AnvinanieanuauYen fu
wasnsANFuTin VIR ARYgBlaLdy

Benedikt wagany [14] ldvinnsAnwmaasanmgdladiuauuulni Tnefiafrannu
wuutdeq 100 Aladnd Tagldusualeyt (Calcte) Wusnanslunissuaudou (Bed material)
Tunsvesoddidoimdsansuiinde 137 uay drufiudnlud Jogafivianisinwiaggniinun
W38 UgununIsAn®Ived Kern wazame [15, 16] ﬁlﬁv‘hmimaaqLqu@lmeﬁwmwu
suautmitldidusuude) Tneldusleddu Olvine) Wuinarddunissuarudounasld
Famdwiaiertu navadeulneldusualert usanarddunisiheudeulagldidomas

a

nlfuazauiivanlud navesnsvasoanUSeudisuansnaguld 4 shdedad (1) nngd
ladiuauuulndagluissufiseueaifouoonled diwadessdusenouvouiadomas
(Syngas) lnediufalalnsiauuazuiansveulneeanlediiusuaniinuniy uwdmiuuia
ansuauuausanlefziivTumanas, (2) Usinamesiuiuiu (Tar) avanas wazilgaumiign
118 (Dew point) fas (3) U‘%mw@uﬁﬂmﬁauhLLﬁﬁL%@Lwaaﬁaaﬂm (Syngas) dUSu1a
anas uay (4) Msidendszuinangdladiuniuianmiaiuieuiinsdeadanaiesan
nseanwuumINgdladiuniny

asuiinannandssiu aenuiiszuuuiadimesifuneasnillddmiudomauuy
ua flagldluenddod Ao wmwuugdaladiuauiadiviess nsdhdenldimauinidnas

=

denldimngdaladiuauiatlviessuuuneseinie (Bubbling fluidized-bed gasifier) dwsu
gansesfnwinuinluanuiddeifie nsiiunsivasvunyuannigluenufinsaiiveLiiunis
AnUfnsenseninadomaiazeinie daasyinliauaunsalunswibndiiaduy lngaunse

Maulaag1emoLio
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1.4 FnqUszeeA (Objectives)

1. Anwreanuuumingdladiuauiadlvieesuuunyuaie lagldisnisdnaes
Waran3NIstva WeeenuuuienIudweseInAi ARSIl uumyuAIs
2. Wefnwnsihnuvesnmigdlauauiadlviessuuunyunie Ineusudnsinig

Tyaveaanaswazan1enaIunsavinbieyinaulaseiiladegnatsy 12 97119
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UNN 2 5115/

2.1 nMsAuInvIavaLavgdaladiuaufiadlvieas vuia 10 Aladadanuiou [4]
TunsdunavuaveanmgdladiuaufadiniessFuannsinvesduszneumani
voadoindsdiuna (CHN,0,) uazthugaaunisluaunisi 9 daduaunisunlviiagly
FinUIuae e v eiliiIuu §Azensumnlndifauysel dslddmsumen
USunenmaildlumaining wasmadnmdeneatuidomas (WP desntidonasin
198 (C,HN,0,) naaunsluaunisi 10 ddluaunisiagamuauuiumenmaiidlivdous

a aaa & v

$euar 30 vean s vduuvanysalieiliAnuAseuiadiliadu(Gasification) e

[ 1

a1meviuisenduidemas asvlilandndusinduuiadomds loun wiansueuusu
panlwn (CO), widlalasiau (Hy) waz wiadivu (CH,) lngluaunisiatldnannisaunauia

InglaAnnsiinansusulaeeanlan (CO,) saudslddUSua@ AL

Ufse i ngdanysel

CoHN,O, + A0, +3.76N,) — aCO;, + bH,0 + cN, 9)
Unsewnagiadu

CoHN,O, + 0.3A(0, +3.76N,) — aCO + bH, + cCHq + dN, (10)

ASANAAEIUDINFRDUIDLTDLNAS

1R8ANERAIULIADINFRBLIATBWNEAY (A/F) Mlaannaunisn 11

Myir (NM)air
A e~ (N or (M) (NM) 7 (NM) (1)

F1) AF Ao AdnaIuLaeINARRNIaBLINEY (Air/Fuel ratio)
=
My AB 18aINA (ko)
A dy a
Miel  ABD WIDLVBLNAT (kg)
N g IMUIUNTUENLAYD4579 (Normality)

M Ao TuIUlLaveIsIg (Molarity)
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AMSAUIMMILIaRINANLYlUNSHA (M) tRanaunsh 12
Mair = Qair X Pair X t (12)

Wi My AB 1@ enld (kg)
Q. Ao ows1n1sluavesennid (m?/s)
Pair AD AUNUILULYDIDINA (kg/m?)

t Ao LAuNSE (s)

A1nIEUENLA (Equivalence ratio) Ap ANARAIUTENINBATIHIUNANTENINNNA
onasememAildlunsunlndifusasdiunaussninanasnademadewaslunsm
Lndnanged] Teeduinainiiasinie (m,,) Adomadomas (me.) elusnsdimay
S¥MINANARUINAT N ATL3S (A/F) lunsvPaesimnsdeuiaenidse

WIAYOLNEINLAIINNITAIUIUNING Y] (A Fstoichiometic WAEIEUUBAATALATULATIAY

U ! dl OI 1 a a0 L 1 d’g 1o a d‘l a dl o ¥
dnduaNyainImmgeg eyl 0.2 - 0.4 91RAuedRuTHnoImAULY
MIAIUmMANATIdLaNLA (Equivalence ratio) lnanaunisn 13

ER = (A/F) actual/ (A/F) stoichiometric
(13)

[ |

1o ER Ao ANdnsIdINaNYa (Equivalence ratio)

(A/F) sctual fin AOAINEIUNIABINARDLIALYBINASTILY

(A/F) stoichiometrc A8 ATEAEILINADINARBNIATDLNAT LN bETNg

Och)

NISUIAIBATING ATBIDINTA LABNISAIUIRUTANIGLI81NA (A), lAanaunis

14

A, = ZD? (14)


https://en.wikipedia.org/wiki/Rho
https://en.wikipedia.org/wiki/Rho

15

1 '
= A =

Wi A Aa NuRne1a1na (m?)

D, Ao YwmdURUANdNaeiematieInA (cm)

ANUNTNAUIUNIONIINS LNaTBIDINA Q) laanaunisi 15

Q=AxV (15)
BR) 0 fip ns1n1sluavesennid (m?/s)
= <
\Y A9 ANULIIDINTA (M/s)

NSAUINVUIAEUNIUAUENANYD AN TEUULTETTATY 98 N15 1210
dnwazveslousnlug vieidsaluan (Hearth load) Fsansnsautsandsnlnangsanvos
wiazdnvae anwarlidu wuulifineasa (Non throat) =0.003 m?® hr/cm?, wuunils
ARADA (Single throat)=0.11 m® hr/cm? wazkuuaainanan (Double throat)=0.4 m?
hr/em? lunnsAurafiuiinddnnerealoutnilug (Cross reactor area at throat)

AUILANANNITA 16

_ Q
Cross reactor area at throat= Hearth load (16)
13I8 Cross reactor area at throat A9 fNUNUTNAnADABALULN LI (cm?)
Hearth load AD ANDASINSUD U DNAIUDIN U YU L]

(m> hr/cm?)

[

Q fio dnsannsluavete1nie (m*s)
nsAwIMUIAEURNIUAUINa1avaRaKT (D) Tulgunlvdliainaunisi 17
Cross reactor area at throat= %DZ (17)

148 Cross reactor area at throat A WuNMLGaAaABALEULNLAI (cm?)

D D LHURUAUINA1TBBAMT (cm)
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2.2 sanuuumadiannialidunisinauuunyuads Teaeld CFD

TunsesnuuumadveserniaiieliiAnnisivauuumsyuaseniglunufnsal
(Reactor) Hsazdsnavhliouniavendoindauuuns waufuonialdaay ludanssuild crD
(Computational Fluid Dynamic) Ingldmanuas ANSYS Ver.15.0 (Fluent) ngsladiun
uiadlvlooss gniraendu 3 33 fwandusuil 6 enmazgnasnainluanesluuudurs
wazgndsaiiludedindaavenunmgdladiuauiadliess venadreimaninied uay
madonadeane azgninnAnwiiedananisdnvarnslvaresoniauuU LA
aeluninal uasAnunsdiuntsvesnadeuseremadivesenaiviildiinnislug
LuUsLANTINEanTige dwiueaziBeavediinisnisAumsadamanslagnisud
Reynolds averaged continuity Lag@in1s Navier-Stokes n8lAN1SANUUATBIENINIBULYA
Tneiden kepsilon turbulence model wildlunisdurnnisivaniely iosainluaail
Hglunsiunenavesnisnyuannelumlifuazdisanszegnailumsauim dmsu
sUsuulun1sA1wINegldIs Semi-implicit Method for Pressure-Linked (SIMPLE) fi3g
Second order upwind scheme @1%3UAIAIIURANAIAVDIANNOUVDIANNITLULLUAL LAY

oA ° DR 1 4
ammsmmmaLuaam%umi‘mu@&m’n 1x10

Pressure outlet

Important part for designing

Top view

—— -

T T T a : single inlet b :Double inlets

P x'/
K ~
’ N\
! A%

Velocity inlet 1 { /) VVelocity inlet

— I N> [ =

\\ N\ /\ .
. Divergence
~ ~e_ -

’
,
- Connector

UM 6 luwaveunmgdladiunuiiadlniens
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2.3 AnwgUuvuvasmswniudidamasannninundutidiu
TuRanssutiagyhmsaangdladiunuiatiiesss Tnelddoyaannisdneilu
vde 2.1-2.2 ununmvssyanaasdlduanslilusud 7 Uszneudieluaneslddmsuge
pnAuddsinulugieeiiniieindniinisiva andusinimaginadummgdlaundulias
Teasneiuan Tngornmaglnadluuududatunievilinislnanyuas dmu
Howdstuasgnldludedldinnauasgnasdunimdeansdides lunsnuausng
mslvavesdinavzmuauanusseuvemanes laglddunesines (nverter) Haudaaznn
asnuuAznss nnUranazgnmlvsluannziionniagnatuauliiAamsinlnfuuulyl
amyaaﬂﬁﬂﬁﬁmﬁaﬁaLwaa (Syngas) ‘Luﬁawaa%ﬁwwéunmagjﬁmmwmLmLLazQﬂﬁﬁ
penaINUS ATt iEeenlaensnngs Aefiiniy (Syngas) axlratumiednuuy
yosniviasefulelaau Telaauiviiilunisnsesiuiliduastdfufuiiintuainnism
ngd LLaz%Qmi’waaﬂmﬂlsziiﬂaumasziaﬂﬁws@uuazﬁwﬁuau ufadainas (Syngas) fignnsesas
Inatugamuuiimsananlelaausazgninluldon lufanssuiasAnwinisinuream
wgsladiunufadinoasuuumualaglfidemdmnmmidy ifvwaliiu 10 Sadiwas
Tnelddndruuimnaidomasasi 0.05 Alanfureund uarusuuumeinmanudnstdu
auya (ER) #ail 0.03, 0.06, 0.19, 0.31, 049, 1.17, 1.43 uaw 2.64 teAnwIMINUTONAT

Ufnsalldednssiailiondusdaton 12 4alug

&

daeld¥maa nauAeean

lolaau

I3
FRIGLH T
angades

Y

110

wnvigdladiun

Yoagaly
uuelined 8 | ASUAN

. L — I i | & ]

203w .
Madneinid
@ doniduuay

Unluimaan

\

Tuawes

\

dasthiiinean

JUN 7 lnezunsuvessnmvigdlaundufiadlnions
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2.4 nsAnwsEansANBIAuTeuvaumngdladiuauiiadlvions

AanssudasAnyinavesdnsndruauya (ER) Tuvas ER = 0.31, 0.9 uag 1.17 Tngeauau
UTinavandemdsnsdl woy Wlsuuassinaeinie ﬁ’m%’mﬁaﬁaLwﬁqﬁlé’%gmﬁuLLaz
ilunmatagunmuia efnwarududureufatomads Ssusznoudie amnududy
YINTANSUBUNBUBN MR (%CO), AMULVUTUVDININY (%CH,) WAy AMUIUTUVBIND
lalnsiau (%H,) iothunfuiaszansamidsamieuveanmgdladiuauiadivions
[17] #dlumsmuszansnmdsmnuiouveumvigdladiuaufatinionsaziinnannsdnnalu
aunnsil 18-22 levsnuseneuiiluaunsi 23

Fns1nstuanislunie (Gas Flow rate) Suheidu (m¥/s) ausamlsainaunisy 18

ans = Vgas A (18)
P = < [2]
N[ Veas A AULIIVDILNE (M/S)

A fio Nunidnvessuia (m?)

AANSoUYRIA I TeINEY (Heating value of Producer Gas) Sivtheidu (kl/m?)
undsundeglufinsusazailn Teawsalieanuiouwasaunsagaialle szfiansan
MnUTinauenududuresiwansususteuenles (CO) ldarnnisgadiiagaundneilas

USINveeRgAsUauNauan lunuwnuluaunIsAIAINLSDU f9luaun1sA 19

HVgas = [(30xCO) + (25.7xH,) + (85.4xCH,)] x4.2 (19)

b

Y v ey

Wi CO A AmnuuTuitgasuaulauanlas (%vol)

1 vV ¥ 24

H, fin AmAnuNTuiglalasiau (%vol)

b

CH, A ANAUNTUAELY (%vol)

fnsINsLt@anda (Fuel Consumption Rate) fivtaeidu (kg/min) Ao dminves

& A A Y Y] ~
Wamaanldmanailunisnaass aawandluaunisn 20

Weight of Fuel Used (2 1)

Fuel Consumption Rate = —
Operating time
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1% [
A o £ A

e Weight of Fuel Use  A® Wniniaeings (kg)

Operating Time A9 1181 (min)

AANSouvsLAaliBINas (Hisher Heating Value, H.H.V.) fintheilu (MJ/kg)

a1usamlaanaunisn 22

HHV = (33.86 x O) + 144.4 x (H-(3)) + (9.428x5) (22)
il C, H, O, hay S Ao duUsTneUTeLTINETlEINNNTIAT Y

- MsAUaNSATWZRRSauretanngBladiunuiadliieaidamisaindiaiuiou

YIRS UNUAIAIUSDUVD AT DN AN ARSI UANNTN 23

ans XHVgas

Nth = Fuel Consumption RatexHVgye] (23)
FIp) Qgas A0 05 M15lMav0siN% (M?/min)
HVgs PR BW5IANTEUVRINY (KI/m?)

1Y)

FCR A dnsinsldidonds (kg/min)

HVieo  A® AIANSOUTOUTOWNES (k/kg)

wanIINNSANBIUTEANSAMBIANTouveumngdladiuauiadiviens lufanssudsle
insAinwindauaiuieu Aladndauson) Nldanmngddiuauiadlniessingldauna

W91 (Energy Balance) vasnszuiunsiiauiadiiaty delaesuigainaunisy 24

Epkc + Ea = Eg + El (24)
e e AR W8391uINT08 TumiheAlaing
E. Ae wasuanngdlaiunduiadiindy lumdeilaing

A v A a g [23 1 ) v 6
A9 WaNUNRnTUIINKAE (product gas) Tuniieilaing

E Ae wasuiigeyde Tumheflaing
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PAIUINLIDNEITILAES (Powder Biomass) Mkaann aunisi 25

_ I‘hpkc'LHVpkc

Epke = 3600 (25)
P a Y & a o I a o 1O
Bp) e B BRTINSUBUTBMNAITIRaNslumsRlanSusatalug
LHV,. P9 lower heating value U9a0LNEITILIANS
o A a £ & Y PN
NIUNNAYUIINLNE (product gas energy) MmlAN JUNISA 26
E, = E, +E (26)
A a Y] a & ¢ & = o A a Y ' as o ¢
e E, Ao wasumdudselevivseansadluieianla luneilaing
E, fip waseudura (sensibleflufeinanla Tundieilaing
Fagnansammasnuniiuseleviadenndeeiunasuadlhainaunisn 27
he LHV
E, = Mg Ve (27)
3.6'pg
il mg  fe s InNsiinine Tumhealanudedils
pg  Ae mumvwuuvesieineldteulvgamgiiuasmnuiudni
LHV, 78 lower heating value vesfiniiiAnTu lnei
LHV, = 0.1263 x (%CO) + 0.358 x (%CH,4) + 0.1079%(%H,) (28)
e %CO fp Wosiumnududuvesasuausauanles
%CH, Ao Woasiunududuvesiiny
%H, fo Wesiumuuduveslalasiau
WA UdURE (Sensible energy) wlaanaun1sy 29
mg'E(Yi'hi) (29)

S 7 3600-X(yi-Mwj)
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e Y. fio UsunawesUsunsunaluunagdiulsenouresunialoimnas
h Ao uUNU (Enthalpy) v8dusiaraIuvelianintu

Mw, @9 w1l (Molecular weights) UadusiazaIuvasLAaAinu

wianuiigayde (Energy losses) wildanaunisd 30
Ei = Ewau + Ew (30)

::4' 2 = o A a a o I ay o ¢
LB Evall AD NTAULAUNAINTUNENAUILIUNUS Iu‘lﬂu’laﬂia'}mm

TR

E,  fo wdsuiazausgluveads lumheilaing

wisuavaegluveds (Energy contained in the wastes) mlaainaunisi 31

EW = Ecvv + Eash (31)

=

d‘ =) v Q‘I 1 1 a v 6
kB Ecw A maqmaswawmﬂmgmm Tumieilaing

a 2

En A8 Nsgayidenasauludien lumbeilaing

nsgayLdenasuinlaigniunansy(Non burned carbon energy loss) 1laan

duNISN 32
0.20Ty,(LHV yy +hew)
Bew = 3600 (32)
1o LHV,., #® Low heating value ¥83a15UDU

hey A9 UMY (enthalpy) Uesasuau

nsgayidenaanumeausauludien (Loss of energy by sensible heat in the

wastes) Mlaanaunisy 33

0.8'myy ) (820+1.67-(Tash—273
Eash — ( ) ( —eo0 ( h )) (33)

v o

d‘ A a dy
D Tash AB PEURNUVDIVLOTNBBNUN
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UNA 3 WALAZNISIATIZI

3.1 nMseanuuuvawmIngdladiuauiadlnieas auin 10 Alatndalnuiou
NNHANTIATIEIUTINUs LGl (Ultimate analysis) veadelngan1nnin
Undu wanslupsnad 3 waganunsaaguansnisaiivesraaevestiuialaenill fe

CH 1A58NOA021OOA625

M3 3 HaN1TIATIERUSHIUEIMTRININUIRLTEY (AARWIN ©.)

W1518Lne3 \w3asile AN %wUe
AI5UBY : C CHNS/0 Analyzer 47.0111 | % wt.
lalasiau : H CHNS/0 Analyzer 6.2030 | % wt.
lulasiay : N CHNS/0 Analyzer 1.1716 | % wt.
20NTIU : O CHNS/0 Analyzer 39.1761 | % wt.
Faes : S CHNS/0 Analyzer 0.1636 | % wt.
USanamuiy ASTM D7582 6.12 % wt.
UTunaansueu ASTM D7582 17.67 | % wt.
UTuneansssivey ASTM D7582 70.61 % wt.
UStnastiin ASTM D7582 560 | % wt.

AN 0ATD9UDININUIENITU (CHy sNooz1O s ) 32 QNENIUNLILALNTTT
ndfanysal faunisit 34 iomArimaorniafldlunismnlndanysal 91nidutiia
U%mmmmmngmmLﬂﬁﬁuawaaméuf’]ﬂu (CHy 55No 02100.625) TibalUunuluannag
UfAzeuAasiiaduluaunisi 18 uagnavesnisnaaunisuandluaunisf 19 lnguiuim
omailfidunuuiinenidlivdedosar 30 vsntswnlvsianysal idmduufadomas

(Syngas)

Ufnseuslnslauysal

CH158N0.02100.625 + 1.08(0, + 3.76N,;) — CO, + 0.79H,0 + 4.084N, (34)
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Unseuiagiadu

CH1A58NOA021OO4625 + 03(108) (Oz + 376N2) — aCO + bH2 + CCH4 + dN2 (35)
CH, 5sNo.021 005 + 0.3325 (O, + 3.76N,) —> 0.788CO + 0.487H, + 0.212CH, + 1.233N,

(36)

AUFUITNIMANEREIULIADINIFRBIATLNAITIY (A/F),ca 71 30 Wasidudvas
nswnlvslanysalannisunualuaunisi 11 aveSuelainsldwemas 1 Alansu wia

81N 1.865 Alan3u (71 30 wWesidudvaanisunlugdauysal)

mair  44.616

AF = ——=—=1.8649 kgair/kgfueL (37)

T mpyel  23.924

TRgMANERE IR INARBINATBLNEINLY (A/F) goihiomenic 11 100 Wasidudves
s lvsanysalannisunualuauns 11 aseSueladn (VF) gocometic WU 14
Wewnds 1 Alansu waae1nia 6.216 Alansu (M 100 wWesidusveanswilvdiauysed

Mair _ 14872

AF = —— 23924 6.216 kgair/kgfueL (38)
W (WVF)eqi WBE (A/F) roichiometric 1ANUIUMNARSTIEIWANYE nNTTUNUANTY
aun1sN 13 azasunelainnsldwawmas 1 Alansu azldulasnnied 1.1865 Alansu AN

INTIFIWANYS Wiy 0.19

ER = (A/F)actual 11865 _

B (A/F)stoichiometric - 6.216 =03 (39)

- MsndasINsivavasenie

° & A 1% 1% = @ %

AIUMRUIMIA1INIA (A) lda1naun1sit 7 uazdnsinisivaveseinia @ ln
NAUNTN 8 LgAMUARIANUVUILINDINIATIUTIEINTA (QUnnH 25 Barwaldua)vinfiu
1.184 AlansusiegnuiAiiuns, A1AM5I8INA fig 1.5 WAsaeui, madieiniadiduriu

AUGNANINAY 4.86 Loufiung awle
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A= 286 x 1077 = 158 x 10° m’ (40)

Q = (1.58 x 10°) x (1.5) = 2.37 x 10° = 2.37 x 10° m*/s (41)

FatUNUNDINAITVUIA (A) AU 1.158x 107 AN510UAT WagsnIInIg

Inavesemea (Q) wiriu 2.37x10° gnurArunsAeIui

- msfnnamunaduiugudnaisve umeuiadilindy
NIANUIUMIVUIALAUNTEUULA AT NLATURINT NN SN WeUE LU LA

Tnelguwlviduuuuldfinenen (Non-throat) fiAsnsinisteuidenasuosifuil Teuwmn

1vsf (Hearth load) winfu 0.03 gnuirrlusssomsseuRmnsiedilus unudluaunisi

16 loNuPvindnramaalaukn g AU 284.4 A1SIUYURLULAT

2.37x1073 m3/s
0.03 m3/cm2-hr

Cross reactor area at throat= = 284.4 cm? (31)

N1sAILIMMITEIALEURINANENa19va a1 (O) Tulgunludlagunuen

NUNNUIFAADADAYDUANNNGULNN IATIVINAU 284.4 ANS1URLLAT Tasunyluaunisi 10

laduiugudnarvesmnuiadinduy Inguseanawintu 19.04 lwudluns

284.4 cm? = %DZ (26)

D= /2841'14“ = 19.034 cm (27)

satulun1seanwuunIsnaasdliaiuisaeanwuulanusuiniaulule dmsulu

[
v Al

mAdeiladeniduinuaudnaaveunuiadlioasneussunn 20 wWuswnes

3.2 navasnsinwmnadiannmalidunisinanuunyuais laeld CFD
Tunsfinwragldisawandaiay eanwuulunamuinsal 3 15 lagldvonduls

ANSYS Ver.15.0 (Fluent) jUnssveaandunuunsanszuendifiduriugudnans (D) 20 .

wazdinaugs 7.50 tngeenuuumadionnidludiuiiuaralugunsinsie waziivieniadn

g1nandvuadusuaudnatenigly 46.8 uy. lngsslunuidudaiunm) anuuaneeves
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VieadnenAwuUNINRe) way ieviaudierniawuuasnia AviliAannisinanieluen
Tudnunemyuasmaoaiisiam lagldlisnsnislnaveseinia (Mass flow rate) wirfusi
a09n3dl nanfe femadreiniamaierssiinnuiiveseniadilnadife 4 wasede
T wagfiiemadnenmawuudemis aziamnusivesenailnadi fe 2 wasAedund
whiutsaosdny dauduuureunmgdladiuasransuialinsooniivundusiugudnans
0.375D Lite37UsanLAaonas (Syneas) wazassaludalelaau F931891unanITmaaes
sananlagnieanlunianuan
MnnsAnwiasdliisluvuiilfiAanisivauuunyuasnaoaiiianldide e
e InALUUABING dheiaka 3 Usensdedl (1) asdalad (U7 8 (a, b)) vasviomaitn
mmmwuaaamqﬁgﬂLL,wmiiwaqumumaﬁ"aﬁ%LmﬂdmuwiamaL%mmmwwmﬁm
, (2) AauYIDs (g‘dﬁ 8 (c, d)) vesviomainemauuvassmsiinuainaueveanisiva
NINATMUUNEMI B IMUUMIaLAET way (3) TUslWdaaanusa (u-Component Velocity) #19

wandlusun 9 veamnngdladiuauiaglniens vesieoniadneniAwuunused ludiausnay

=

ﬁm’mL%qﬂué’mwﬁaLLaw‘iﬂuéfﬂwﬁwqLﬁumammmﬁaﬁmaL%’wa'm']ﬁﬁt,%"nﬁmmqLam
wazlutienugen Y/D=5 (3U 9 (e)) feaziianuananasiuisaainiu udsliuuvienadl
2IN1ALUVADINTAINANLRTTUAAR LTSN (5UN 9 () FUJUALMUINATIVIO

192181NA

e 1 U B LIS
4.600e+000 i L 4.600e+000
4.140e+000
3.680e+000
3.220e+000
2.760e+000
2.300e+000
1.840e+000
1.380e+000
9.200e-001
4,600e-001

0.000e+000
[m sh-1]

3.450e+000
2.300e+000
1.150e+000

0.000e+000
[ms?-1]

(@) M I9LAET (b) NMAUNFDINIG (©) MDA (d) NMWTNFDINIG

JUN 8 ansuladl (4he) uarmouriis (v31) vesanudinglummigdladiun



Single inlet

/

Single inlet

rd -~ i
i,
TR
{\‘ . J
\

AN

Single inlet

;A

{7 s
T,

N\

\

S -

Single inlet

Single inlet

™

N

)

I TN \
ww,'mm"n-" |
t\\‘“ | %ﬁ@‘f_// .

o Y

- ‘
/ | e

_ J

Double inlets

u-Component velocity (m/s)
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5
. — Single inlet ---Double inlets

3 .-

1

1

3
-5 L L 1 |

-0.5 -0.3 -0.1 0.1 0.3

0.5

X/D

a) NANLVUIaNIL18INeE Y/D=0.75

Double inlets

u-Component velocity (m/s)

—Single nlet

- -=-Double inlets

0.5

b) ALUUYIENILINDINE Y/D=1.25

Double inlets

u-Componeng velocity (m/s)

2

—Single inlet

---Double inlets

©) NELAUIYIBNIT187A Y/D=1.5

Double inlets

in

. u-Compgnent velocity (m/s)

=
n
T

= <
~  in
T

=]

—Single inlet - --Double inlets

n
.

=

n

-0.1

0.1 0.3 0.5

X/D

d) NELAUIIENILI18INE Y/D=3

Double inlets

u-Component velocity (m/s)

1.5

—Single inlet

---Double inlets

-0.3

-0.1

0.1 0.3 0.5
X/D

e) NANLNUIVIENINU1DINA Y/D=5

5Uf 9 TUslnldmnansa (u-Component velocity) luimufadlnioss
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nndeyaiilddnudraiuaiusaaguldinviemadioniauuvassmisiiaiiy
wngaufivilfAnmslrauumuatannnitienadnuumaien faduiddsiiuns
ANWIHATDIAULMUINAINBINIA 3 S¥AU A Y/D=0.25, 0.75, 1.25 (Y/D=0 Aafniiaegn
¥o9i7) M3AnIiesmadionia 3 sty lnsruauaiasvesenedilaid
Asil 2 lmsiedundt Ieansnisseaunalily anenuan ¢ Feagunalddn viemadienie
LuvARNITisuLamainetne v/D=0.75 fianusnganigadmiunisaianisivanuy
vauAsreseIMANelun msizd1 9n3UT 10 azdiuldidiumisanugevosienadn
naron1AsuguTusindmnusinesennia wagnisadranisinavyueisnasaianan,
dusuemadnorniaegiisauna v/0=0.75 fnslauuumyuaisnasaiiaianiléingd
ns@duq fauiundsienadionnied v/0=1.25 aillusiaidauslunuiuny X ge
97 (3U 11(0) wiileRiansandvariuladdauansluzuil 11() szwiuldin Wudnuaznis

'
o

InanyuAisiuunsiead Felunuideilaenisnisivaluunyunimasniavian iwevinli

[y

a o A a v o o 9 val PN v Ao I v
ﬂjjll'laLL‘U‘UNQaE]EJG]'JLLa%’L@J@ﬂJLLiﬂ@WUQ'}ﬂNUQLV]']V]']IVISU'JN'JaVlQﬂLN']IV@Jﬂ‘U‘VlENl@J LN']I‘VI@J LN

99NAINNU

Velocity
Contour 1
3.30
2.97
264
2.31
1.98
1.65
1.32
9.90
6.60
3.30
0.00
[msr1)
.)-A :
s X X X
z 4 z z z z
Y/D=0.25 Y/D=0.75 Y/D=1.25 Y/D=0.25 Y/D=0.75 Y/D=1.25

(a) ansulaveaninusa (b) ABUINSVDIAMULEIVUTEUIU X-Y (Z/D=0)

'
a

JUN 10 dnwaignistnanielumufiadlniens



u-Component velocity (m/s)

u-Component velocity (mjs)
Wb o e now e w

u-Component velocity {mfs)
I I )
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Y/0=0.25 Y/D=0.75 Y/D=1.25 s ¥/D=0.25 ¥/D=0.75 ¥/D=1.25
: e Y[D50.25  ween ¥/0=0.75 ---¥/D=1.25 g, ¥/050.25 e Y/0=0.75  ---¥/D=1.25
3 : Zat
2 % 2 F
1 ]
0 : ol i
1t ! £07 :
2+ i §'l L e ;
M = g2 r e ;
-4 i 23 2 . N N H . 2 " N
05 04 03 02 01 0 01 02 03 04 0S5 05 04 03 02 01 0 01 02 03 04 05
X/D */D
a o o 1% A o o 1%
) NALRUINDNIDINA Y/D=0.25 ) NeAUINonIwY101n1@ Y/D=0.75
Veloc!
v -
"@w 3.000
/ 2.250:
¥/D=0.25 ¥/0=075 Y/D=1.25 ¥/D=0.25 ¥/D=0.75 ¥/D=1.25
<o ¥[0=0,25 weens¥[P=0.75 == =Y/D=125 z° Y¥/D=0.25 ———¥/D=0.75 - --¥/D=1.25
' Ear :
= ; 1.5000
Eat
8
$ir
20 7.5000
E
31
‘;-z
05 04 03 02 01 0 01 02 03 D04 05
Xio 0.000
[m s*-1]

¥/D=0.25 ¥/D=0.75 ¥/D=1.25

9) NAWNUIYIENIUU1910A Y/D=1.5

Y/D=0.25 ¥/0=0.75 1/0=1.25
e YfD=0,25 ====-Y[D=0,75 == =¥/D=1.25 _g : ——¥[D=0.25 - Y/D=0.75 ---¥/D=1.25

i 4 .
s g0
i T
i E1t H
; E 0 R _‘___é___,_..nz-ﬁﬁ.
i §-1 o :

P S 3, i

0.5 -0.4 0.3 -0.2 0.1 ] 01 0.2 0.3 0.4 05 0.5 0.4 0.3 0.2 0.1 1] 0.1 0.2 0.3 0.4 0.5

o /o

) NELVUIIDNINT181NA /D=3

2) NHWNUIVIBNI91817# Y/D=5

Uil 11 Tslidanaisa (u-Component velocity) lupnufadlviiens
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I1nuavesnsinmmadieinialilunisivasuunyuais lagldnisauandediay

a11150a3URalad1 YenudIeINIALUUABININTEAUANEY 15 LWURWAT w3e Y/D=0.75 T

[ 1%
(YY)

dnvarvensivasvunyuainglunvgdladiuauiadliesslifngs daulduideya iy

gankuukaraiawnngsladiuauiaginiossdely

3.3 fAnwguuuvvasnswrludiwamdsninuiauundy

e » ﬂ 4 ~ hi BN
(1) wawwas, (2) Yedldtinag, (3) Yaangades, (4) lalaay, (5) luanes, (6) Navdmsussuiy

¥

A, (7) Nardmsuiu/szueduwazihduiu, (8) Uszgnduiainnismwiaadeiaas, (9) wWadlw

JUN 12 wvlgdladiuauiiadlnions

wlgdladiuaufadlvieasuuiabn gniauiuiainnsfnwdnwaznisivaveseinie
wuuriemadeInIAkuLaInafide U luLwIENdE 1dulun1sesnLuULAZNAADS
dmiuiunuuvonngdladiuaufadiniessfildesnuuy lifunisveaneydnstngniud
wandluniaruan n dwsulunsnegeuldifinenniamdludnuaznisivasuuaeamsiiseu
Arags 15 wufns wie v/0=0.75 laglndmUSmnandemdnsdiil 0.05 Alanfuseund
warUSuUTnaeIMARNORsIEIUANY (ER) Fail 0.03, 0.06, 0.19, 0.31, 0.49, 1.17, 1.43
wag 2.64 nansnaaeslauansliluenas anauuan a. nuinangdladiuauiadlviess
ANUNTOHARLA LT aINES (Syngas) ImﬂLLﬁaL%JaLwéqmmsaf\mamhﬂmm}’m 0.19<ER<1.17
wazdmsulugag ER 1nnndn 2.64 videsnt 0.03 ldanunsadumusiadomadls e

USuauveanfaandsladiieananon1sduniy aawandlunis1af 4 aannisaanmnia
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Wolnds azundaamasnllaunsadundlaaziidnuazvasntuduivn wWasnuia
Walndsiana i uTunaveiadoindsn (JUN 13 (@) uidmiuufawemaiaiunse

[

Fupnleonasiasiidnwuzvasaiududvnduwase (SUR 13 (b))

Y

A13199 4 nansenuvesshsdaNaNvIliAnn1sHANTeINGBE 1Bl TleY

Equivalent Ratio (ER) operation
2.64 No burning
1.43 discontinuous
1.17 continuous
0.49 continuous
0.31 continuous
0.19 continuous
0.06 discontinuous
0.03 No burning

a) whawamasnllanusadumuls b) whaweindsnarunsadumdla

UM 13 dnuazvewiaiainas (Syngas) MiAnTu

wamimam‘wud'}Lm%l@ﬁlmsz?w@LLﬁ”a%lwLaaﬁmmmmﬁmﬁaﬁmwaﬂ (Syngas) Tuag
0.19<ER<1.17 ufadowmdsanunsngaialwldogadeidonduna 12 4alus uagvinmsine
pampiinnglunngdladiunuiadliionslundasfuns dsuanslusuil 14 anunsaagy
wald1 Tursdumisiidudiunsniininurduildduiaonailmadunlumn Jaduleu
s lvgl (Fumdadt 1) Toamaiuszana 900-1,200 ssriwaidea Feilgumailudummis
fananganinguuuunmgdlediuaufadlnoeslaeimly [17-19] iesnanduvisdisnan
wiudnsalfisnvailugunsieuaziuauiuduanudou viliusnadinaniiaiudou

WLTU hagludwnuedl 2-6 anunsaauisnalaiiloUsunue N aiiiuTdY (ER=0.19 way
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0.31) gaungiazgaludiansn (Aunds 1-2) uddeurgaumgiiazdininUsuiaeniatey

[

(ER=0.49 wag 1.7) Tuswniad 3-6 1a9u191nUsSunae AN LIy s iuanen LUy

finnsangaungiog 195,

YARN
@ 150cm | o
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THAF993LATILNEANINABTININ hazLATaITAR1991NUaBI58 Uy Testo 350-XL F99e

nsinnneNd1Ay Useneunae 3 alla A ArsusuNsusnlya (CO), tinu (CH,) wag

lalasiau (Hy wethunAmamyssaniamidaauseureangdladiuauiagiviess

NNNSANYINIINAgRUUIEAVEA T IAuTourataWadladiunuiativieasuyis ER =

1.17, 0.49 waz 0.31 laravan1snsainaunmuiadomasdawandlunisnd 5 way 11579

71 6 louanainourasnsauinluaunisi 18-22 anunsaagunanisnageumyussanznm
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A wag A [17] BalavinisAinwdseansnmidsanuiouvennufiadlvieasingld

Fatnlnadugeindslutdnsdiuauyalugig ER=0.1-0.9 lauszansnmideninusouey

Tt 0.1-23 % Fawansl3lugud 15



M19199 5 Han1sieseniaweindsluuiaydnmdiuauya

ansduduya (ER) | %CO | %H, | % CH, AUSIVBIAE (M/s)

1.17 0.24 0.28 13.1 212
0.49 0.26 0.25 17.2 5.12
0.31 0.23 0.20 11.6 10.7

A1519%1 6 NANITANUIUANSUNIUSEENTAWLTIAINUS U

anTaduENYa Ogas HV gas FCR HV el Nth
(Equipment ratio) | (m*/min) | (kJ/m?) | (kg/min) (MJ/kg)

1.17 0.0666 47.59 0.05 1781.92 3.56%

0.49 0.1608 62.29 0.05 1781.92 11.24%

0.31 0.3360 42.12 0.05 1781.92 15.88%
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MnAnwndsuauieou Elatadanuiow) Aldanmgdduauiagineeslaeldauna
WS99 (Energy Balance) vainszuiunsiiauiadiliadu laglitayaainnisAnwinisinulugae
gnsrduanyalurig R = 1.17 wgdladiuauiadlnioasaruisandsnuninuieuld 9.54

ay v ¢ o & & v o o Aa X
ﬂiajﬁﬁﬂ'mlliau IﬂﬂaaL‘Uus@E’Jag 51.8 UDINANIUANUTDUNAAUYU

A5 7 wansAnwmdtuanuieu Aladadanuiow) Aldannvgdduauiadlviess

WUUTLUAN
WA A1 (kW) Wasidus (%)
NAIUAINTINIR (Epid) 13.92 75.6
nasuanigdlaundufiadindu (E,) 4.50 24.4
wSuildann | wasuiiidulselewd ) 9.43 51.2
WRadomas | wdeuduia (E) 0.11 0.6
(Ep) Erotal 9.54 51.8
Wé’muﬁlﬂgmm (Ecn) 8.85 48.1
Wé’qmuﬁquﬁﬂ wianludian (Eneh) 0.021 0.1
(E) WENUAUSOUTRTA(E, 1) 0 0
Etotau 8.875 48.2
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AN ALUUAB ISR UG Y/D=0.75
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Ieseidlesetnatios 12 $lus usidns1duaNyainng1 0.19 wie genin 1.17 ldanunsage
Aalwld idesnniivsinumesufaitoimawinieivinuenaiundlfufademaio
N
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1.17, 0.9 uay 0.31 anusaagUldinussaniamiBsanufouveanuinsniazifinduile
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Article history: In this work, the effect of single and double air inlets on swirling flow in a reactor of
Received 27 March 2018 fluidized bed gasifier was studied numerically. The reactor diameter (D) was 20 cm,
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order to generate swirling flow in the reactor, the air inlet pipe with inner diameter of
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46.8 mm was assembled tangentially to the bottom of the reactor. The comparison of
the effect of single and double air inlets were studied based on the same mass flow
rate. A 3-D numerical model of the reactor was created using a commercial software
of ANSYS Ver.15.0 (Fluent). The results showed that swirling flow at the bottom of
the reactor for the case of double inlets was more uniform than that of single inlets.
Therefore, double air inlets were applied to design and fabricate a swirling fluidized
bed gasifier.

Keywords:
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gasifier, CFD Copyright © 2018 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

Gasification is a chemical process that converts carbonaceous materials like biomass into useful
convenient gaseous fuel, which include chemical compound such as carbon monoxide, hydrogen
and carbon dioxide using incomplete combustion [1]. The gasification consists of four different
steps i.e. (1) drying, (2) pyrolysis or devolatilization, (3) combustion or oxidation and (4) gasification
or reduction. There are various types of gasifiers as reported by Waeneck [2]: 1) Fixed-bed gasifier,
2) Entrained flow gasifier, and 3) Fluidized bed gasifier. In the case of a fluidized bed gasifier, the
fuel is gasified in a bed of small particles that fluidized by a suitable gasification medium such as air
or steam [3]. Fluidized bed technology can be useful for gasification and pyrolysis. It has more
advantages [4, 5] for example: accepting for fuel size variation (less than 6 mm), uniform
temperature profile of reactor and compact construction. Moreover, it can use for high flexibility in
accepting solid, liquid, gaseous fuels even with low calorific value for waste and high moisture

’ Corresponding author.
E-mail address: wmakatar@eng.psu.ac.th (Makatar Wae-hayee)

157



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 44, Issue 1 (2018) 157-166

content for biomass. The fluidized bed reactors are divided in bubbling fluidized beds (Figure 1(a))
and circulating fluidized beds (Figure 1(b)). Bubbling beds operate at relatively low gas velocities
(typically below 1 m/s), while the circulating fluidized beds operate at higher gas velocities (typically
3-10 m/s) [6].

Gas
Gas Q

Return Ash

Fig. 1. Several types of Fluidized bed gasifier reactors, (a)
Bubbling fluidized bed (b) Circulating fluidized bed

Kim et al., [7] used a laboratory scale fluidized bed reactor to produce bio-oil from pyrolysis
process. The solid materials used were jatropha seed shell cake (JSC), palm kernel shell (PKS) and
empty palm fruit bunches (EFB), as waste from palm and jatropha oil industries. The results showed
that the oil yield of JSC was higher than those of PKS and EFB.

Ramirez et al., [8] design of a 70-kW fluidized bed gasifier for rice husk as feedstock. The inner
diameter of reactor was 0.3 m and the height of reactor was 3 m. This work presented that it is
advantageous for preliminary estimate of the equivalence ratio, low heating value, volumetric yield,
gas power and cold efficiency obtained in the experimental gasification test.

Benedikt et al., [9] presents experimental results with a new generation of a 100 kW dual
fluidized bed steam gasification in pilot plant with calcite as bed material, converting wood and
lignite in separate test runs into product gas. The results are compared to experiments with the
same fuels with olivine as bed material and the previous generation of the gasification pilot plant.

Kumar et al., [10] studies gas—solids flow in combustion coal of circulating fluidized bed by using
CFD model. The size of 5 mm feedstock was chosen and fluidizing velocity of inlet was 4-6 m/s. For
analysis, the variation in mean feedstock diameter and superficial velocity, does affect the
temperature, pressure and turbulence kinetic energy in different mean fractions in the combustion
zone.

Liu et al., [11] simulated biomass gasification of three-dimension CFD of circulating fluidized bed
reactor by using steady state model, and simulation results were compared to experimental data.
The effects of turbulence models, radiation model, water-gas shift reaction, and equivalence ratio
(ER) were investigated to present a reliable understanding of feedstock gasification in a Circulating
Fluidized Bed (CFB) reactor.

Murgia et al., [12] has developed CFD model to compare and simulate the gasification process
within an air-blown updraft coal gasifier. Updraft fixed bed gasification processes are characterized
by complex behaviour, since they involve different space and time dependent sub-processes where
coal preheating, drying, devolatilization and char reactions take place. Simplified models, such as
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non-dimensional ones, useful for preliminary gross mass and energy balance are unable to correctly
simulate the overall gasification phenomena and more sophisticated approaches are required.

Bockelie et al., [13] described a CFD based modelling tool for entrained flow coal gasifiers. The
model contains sub-models to properly model the reaction kinetics of coal gasification at high
pressure, high solids loading and slagging walls. Comparisons between values predicted by CFD
model and modelling studies performed by other research groups have shown good agreement.

In this work, swirling fluidized bed gasifier was being designed and fabricated for a small scale.
In order to accelerate fuel-air reaction, a reactor generating swirling flow was designed. In order to
design tangential connection between air inlet and the bottom of the reactor to generate swirling
flow, computational fluid dynamics (CFD) was adopted. In preliminary study, the effect of single and
double air inlets on swirling flow in the reactor was examined.

2. Experimental setup

The diagram of experimental setup of fluidized bed gasifier is shown in Figure 2. The blower
accelerated the air which flow through the orifice flow meter for measuring the mass flow rate. The
flow rate of air was controlled by adjusting rotating speed of blower with an inverter. The air inlet
pipe with inner diameter of 46.8 mm and length of 300 mm were connected tangentially to the
bottom of the reactor. The biomass is fed with a constant flow rate to the reactor by using screw
conveyor while the flow rate of air was varied according to required Equivalent Ratio (ER). Inside
the reactor, biomass was burned with limited air for getting incomplete combustion. Syngas was
sent to the cyclone for particle filtration and then discharged from pipe outlet.

C\ l

! | Cyclone

Hopper

Gear motor

Feeding screw

Ignition port \|

I .
e Pariicle releasing valve

From Blower | , From Blower
[ 4l Ilir |

— | njni ] D e,
Orifice Orifice
Char releasing valve

~

Fig. 2. Diagram of experimental setup of the swirl fluidized bed gasifier
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3. Numerical simulation design
3.1 Computational model and boundary conditions

From aforementioned experimental set up of fluidized bed gasifier, the effect of single and
double air inlets on swirling flow in the reactor was designed using CFD software. The schematic
diagram of creating swirling flow in the reactor with single and double air inlets is shown in Figure
3. To simulate air flow in this work, the commercial CFD software, ANSYS Ver. 15.0 (Fluent) was
adopted. The 3-D numerical model was created as shown in Figure 4. The main domain was reactor
of fluidized bed gasifier with diameter of 20 cm and length of 150 cm. The configuration of the
bottom part of the reactor was divergent geometry. The air inlet with a diameter of 4.64 cm and a
length of 30 cm was tangentially assembled to the divergent part of the reactor. The position of the
connection was 15-cm height from the bottom end. The air outlet with diameter of diameter 7.5
cm was located at the top of the reactor. The details of boundary conditions were summarized in
Table 1. Since the comparison of the effect of single and double air inlets based on the same mass
flow rate, the uniform entering velocity at the inlet was 4 m/s for single air inlet and 2 m/s for
double air inlet. Since the effect of single and double air inlets on swirling flow in the reactor of a
fluidized bed gasifier was focussed, the simulation was done only for flow characteristics without
combustion.

Pressure outlet

Important part for designing

Top view

Wall

—— ~

T T T Case 1 : single inlet Case 2 :Double inlets

1- \./
’ Eg \
/ \

Velocity inlet 1\ ) \Velocity inlet
— | / T

/
\ Divergence

/
-7 Connector
Fig. 3. Numerical domain of swirl reactor of fluidized bed gasifier

——

\
\
\
~
——

~

Table 1
The details of boundary conditions

Air inlet Velocity inlet
Air outlet Pressure outlet
Surfaces of reactor Wall
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Pressure outlet —_—

«—Wall

i

Velocity inlet

Fig. 4. Computational model and boundary conditions

| .
Double inlets

Fig. 5. Generated rectangular grid for the numerical
mode

Single inlet
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3.2 Grid generation and grid dependency

The rectangular grid was mainly applied in this numerical model. The internal generating grid is
shown in Figure 5. The generated grids in region having high velocity gradient as in area of
divergence air inlet of reactor are finely controlled. The numbers of generated grids are varied to
achieve an accurate solution by considering low computation cost. The number of generated grid
was varied to achieve an accurate solution by considering the effects of grid dependency. The
numbers of element were varied in the rage of 0.10 — 3.54 million elements. The tangential velocity
in the direction of X-axis at 15 cm from the bottom end was plotted with varying element number
as shown in Figure 6. It showed that the effect element number on tangential velocity profile was
saturated at the element number of 1.71 and 3.54 million elements. Here, to minimize
computational task, the 1.71 million elements was selected to run the numerical simulation in this
study.

1.2

Number of elements

(=]
o0
T

— —node 100,205
----- node 490,147
- - —=node 986,489
node 1,712,789
--------- node 3,544,109

Velocity (m/s)
(=]
(=)}

NG
=
T

S
3]
T

0 0.1 0.2 0.3 0.4 0.5
X/D
Fig. 6. The tangential velocity in the direction of X-axis at Y/D=0.75 (Air inlet)

3.3 Calculation method and algorithm

Computations were conducted by solving Reynolds averaged continuity and Navier-Stokes
equations under existing boundary conditions. A k-epsilon turbulence model has been adopted in
solving many numerical simulation problem [14]. It excellently predicted the solutions of internal
flow with moderate computation cost. The SIMPLE algorithm [15] is used with second order upwind
scheme for pressure and momentum and first order upwind scheme for turbulent kinetic energy
and turbulent dissipation rate. The convergence of iterative solution is insured when the residual of
all the variables is less than the specified values. The specified value is 1 X 10~* for continuity and
momentum equations

4. Results and Discussions
4.1 Simulations result

Streamlines and contours of velocity in the reactor of single inlet and double inlets are shown in
Figure 7. Noted that the comparison of the effect of single and double air inlets based on the same
mass flow rate; the entering velocity at the inlet was 4 m/s for single inlet and 2 m/s for double
inlet. Air entering from inlet pipe into the reactor turned around along conical surface of the
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reactor to develop swirling flow. The results show that the development of swirling flow for the
case of double inlet was faster than the case of single inlet. The swirling flow for the case of double
inlets was more uniform (In term of symmetry) than that of single inlet. This can be notified by
uniformity of the velocity contours as shown in Figure 8.

)slﬁle%?r'n%e | } /b ggrl]?ocdtr)q
4.600e+000 K g/ -
4.140e+000
3.450e+000 3.680e+000
3.220e+000
2.760e+000
2.300e+000 2 30064000
1.840e+000
1.150e+000 1.380e+000
9.200e-001
l 4.600e-001
0.000e+000 0.000e+000

[m s-1] [m sh-1]

(a) single inlet  (b) double inlets (c) single inlet (d) double inlets
Fig. 7. The streamlines (left) and the contours (right) of velocity in the reactor

The velocity vectors and the u-component velocity (X-axis) profiles in the reactor at different
levels of the reactor height are shown in the Figure 8 - 12. At the level of air inlet (Y/D=0.75) as
shown in Figure 8, the magnitude of velocity for the case of single air inlet was the highest in -X-
axis, and velocity profile was asymmetry. It was contrast to the case of double air inlet that the
vectors and velocity profiles were symmetry in X-axis. At the reactor height of Y/D=1.25 (Figure 9),
the magnitude of velocity for both single and double inlets become lower when compared to those
the case of Y/D=0.75 (Figure 8), and the velocity profiles in X-axis approached symmetry for the
case of single air inlet. Afterwards, the velocity profiles for single air inlet at Y/D=1.5 (Figure 10)
became symmetry in X-axis. Moreover, the profiles of both single and double was almost the same
at Y/D=5 (Figure 12).

This show obviously that the effect of the number of air inlet at the reaction zone (Figure 8)
could generate symmetry swirling flow for the case of double air inlet and asymmetry swirling flow
for the case of single air inlet. In the reactor of experimental apparatus, particles of feedstock are
fed and dropped at the reaction zone in the reactor. Uniformity in term of interaction between fuel
particle and oxidizer (air) is required to perform homogenous thermo-chemical reaction. From this
results can be suggested that applying double air inlets in the reactor of fluidized-bed gasifier is
suitable.

163



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 44, Issue 1 (2018) 157-166

Single inlet - = =Double inlets

u-Component velocity (m/s)

Single inlet Double inlets -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 03 0.4 0.5
X/D
Fig. 8. Velocity vectors (left) and velocity profiles (right) in the reactor at Y/D=0.75
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4.2 Experimental test

A mini pilot scale of swirl fluidized bed gasifier was successfully designed and fabricated in
related our work. Double air inlets which was simulate in this study were applied in the reactor
gasifier in those work . The position of applying double air inlets in the reactor is shown in Figure 13
at the point h. The results showed that a production of combustible syngas can be operated
continuously for eight hours without shut down or malfunction.

s 3 ’
N — " / _— >
R S ST
‘-\“\v—."‘ - A
AN ‘\\. $P A N4
! /- > .

=
N

| @ Feeding screw
@ Cyclone

@ Blower

o Particle releasing valve

e e ————— e Char releasing valve

. Q Apply from simulation model

Fig. 13. Photo of mini pilot swirl fluidized-bed gasifier system
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5. Conclusions

The effect of single and double air inlets for applying in the reactor of swirl fluidized bed gasifier
was studied numerically. A 3-D numerical model of the reactor was created using commercial
software, ANSYS Ver.15.0 (Fluent). The comparison of the effect of single and double air inlets were
based on the same mass flow rate. The results showed that the effect of the number of air inlet at
the reaction zone of the reactor can generate symmetry swirling flow for the case of double air inlet
and asymmetry swirling flow for the case of single air inlet. Therefore, double air inlets were chosen
to apply in the real reactor of swirl fluidized bed gasifier.
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and flow rate of air was varied according to Equivalent Ratio (ER) at 0.03, 0.06, 0.19,
0.31, 0.49, 1.17, 1.43 and 2.64, respectively. In the first phase of this work is to focus
on continuous gasification operation that expected approximately for 8 hours without
shut down or malfunction. Based on the result obtained in this study, it was found that
the ER which can be provided for continuous operation was 0.192ER>1.17. For the
syngas production study at the ER of 0.06 and 1.43 could not run continuously.
Moreover, the gasification run at ER=0.03 and 2.64 was found that the syngas
production was incombustible.
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1. Introduction

Gasification is the thermochemical conversion of solid fuel into the fuel gas which contains mainly
hydrogen, carbon monoxide, carbon dioxide, methane and nitrogen. The product gas from the
reactor also contains some contaminants like char particle, ash and some higher hydrocarbons or tar
[1, 2]. A limited supply of oxygen, air, steam or a combination of these serves as gasifying agent. The
gasification consists of four different steps e.g. drying, pyrolysis or devolatilization, combustion or
oxidation and gasification or reduction.

Several types of gasifier reactors are currently available: fixed bed, fluidized bed and entrained
flow as shown in Figure 1 - 3. For the selection, it depends on technology, heat load, the types of
materials, the use of energy, environment and economy. Fixed bed, which includes of up-draft, down-
draft and cross-draft, is classical type of gasifier; however, these types have limitations for using of
non-uniform fuel size and variation of thermal loads. Recently, fluidized bed reactor, that can
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combust fine solid fuels having non-uniform size, is applied in thermal industries, especially in
medium power plant. The comparison of fixed bed and fluidized bed reactors was summarized by
Warnecke [3], He reported that the advantage of fluidized bed can be designed in the wider range of
feedstock and operating conditions. Therefore, fluidized bed gasifier is the main concern in this work.

Fuel Fuel Fuel

Drying
Pyrolysis
Pyrolysis
1 Reduction

Reduction
i

- g
| Combustion |

Air
(a) Updraft (b) Downdraft (c) Cross-draft
Fig. 1. Several types of Fixed bed gasifier reactors

Gas
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—_—
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Fig. 2. Several types of Fluidized bed gasifier reactors

Fueljl— Oxygen and
steam

Slag

Fig. 3. Several types of
Entrained bed gasifier
reactors
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From previous works, the investigations of regarding fluidized bed gasifier have been done in
laboratory scale reactor that used electrical heater as heat sources due to simplify for controlling of
temperature operation [4-7]. In fact, the heat source of an industrial gasifier is from internal
combustion in the reactor, and flammable syngas is also from concentration of combustible
production. In order to design of continuous operation, there are several parameters that need to be
specifically investigated such as reactor geometries, the size range of solid fuel and operating
conditions such as the air flow rates and feedstock feeding rate. A few works have reported the
operating conditions of fluidized bed gasifier using pine sawdust [8], rice husk [9] and lignite [10] as
feedstock.

Narvdez et al., [8] was successful to fabricate and operate a pilot scale of bubbling fluidized bed
gasifier using fine feedstock as pipe sawdust. They suggested that the operating conditions for having
high gas yield was the equivalence ration in the range of 0.2-0.45, reaction temperature in the range
of 750-850 °C.

Ramirez et al., [9] designed the pilot scale of 70-kW fluidized bed gasifier using rice husk as
feedstock. The diameter and the height of reactor were 0.3 m and 3 m, respectively. The outcomes
in this work should be beneficial for preliminary prediction of the equivalence ratio, low heating
value, volumetric yield, gas power and cold efficiency obtained in the experimental gasification.

Recently in 2017, Herdel et al., [10] reported the circulating fluidized bed gasifier that was
designed to use in an industrial scale for 0.5-MW power plant in Germany. This work presents the
success of the first operation and experiences gained within the commissioning of the pilot plant
using pre-dried lignite as feedstock. Seven days of steady operation at different feed rates were
accomplished with no gasifier shut down or malfunction.

One of an important consideration for applying fluidized bed gasifier in industries is continuous
operation without shut down or malfunction as applied in power plant by Herdel et al., [10]. The
system of loading feedstock and removing char or ash from the reactor must be sequential operation.

In this study, the main objective is to design and fabricate a small pilot scale gasifier that expected
produced 30 kW of power using bubbling fluidized bed gasification system. In the first phase of this
work is to focus on continuous operation that was expected running about for 8 hours without shut
down or malfunction.

2. Methodology
2.1 Gasifier System

The diagram of experimental setup is shown in Figure 4, and the photo of the setup is shown in
Figure 5. The diameter of reactor (D) is 20 cm and the total height of the reactor from the bottom
end of the cone to the top is 160 cm. The Double air inlet pipe with inner diameter of 46.8 mm was
assembled tangentially to the bottom of the reactor, it was designed by using commercial CFD software,
ANSYS Ver. 15.0 (Fluent) in our work [11]. A cyclone was assembled at the top of reactor to separate
particles from the syngas before leaving. The blower accelerated the air which flow through the
calibrated orifice flow meter. The flow rate of air jet was controlled by adjusting rotating speed of
blower with an inverter.

The feedstock of palm kernel cake which is in the range size of 1-10 mm, was fed by a screw
conveyor into the gasifier reactor. The mass feeding rate of feedstock was controlled by adjusting
rotating speed of driving motor. The ignition port was opened for direct burning the internal, palm
kernel cake using gasoline. During internal, palm kernel cake burning, the flow rate of air was
decelerated to maintain a condition of syngas producing. The gas leaving from the cyclone is suddenly
burned, which can be visually observed combustible gas product.
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Type-K thermocouples were located along the center of the reactor to measure gas temperature at several
positions of the reactor. In order to reduce heat loss, the reactor was insulated using high temperature
insulator (KAOWOOL, ASK-7912-H 8P Blanket 1,400 °C). During operating, accumulated particles in the cyclone
and accumulated char in the bottom of the reactor were periodically removed.

2.2 Properties of Feedstock

The Feedstock types are palm kernel cake (Figure 6) which was taken from palm oil milling factory,
Songkhla, Thailand. The size of feedstock was in the range size of 1-10 mm, approximately. The
properties of feedstock, which were evaluated by using CHNS/0-2000 and MACEO TGA at Scientific
Equipment Center, Prince of Songkhla University, are shown in table 1.

| o
Fig. 6. The photo of feedstock from palm

kernel cake
Table 1
Properties of feed stock
Parameter Unit Evaluated Value

Carbon (As received basic) % wt. CHNS/0 Analyzer 47.0111
Hydrogen (As received basic) % wt. CHNS/0 Analyzer 6.2030
Nitrogen (As received basic) % wt. CHNS/0 Analyzer 1.1716
Oxygen (As received basic) % wt. CHNS/0 Analyzer 39.1761
Sulfur (As dried basic) % wt. CHNS/0 Analyzer 0.1636
Moisture content (As received basic) % wt. ASTM D7582 6.12
Fixed carbon (As received basic) % wt. ASTM D7582 17.67
Volatile matter (As received basic) % wt. ASTM D7582 70.61
Ash (As received basic) % wt. ASTM D7582 5.60

2.3 Experimental Parameters

In order to observe a continuous operation of the system, the mass feeding rate of feedstock was
fixed at 0.05 kg/min, and flow rate of air was varied according to Equivalent Ratio (ER) at 0.03, 0.06,
0.19,0.31,0.49,1.17, 1.43 and 2.64. The ER is defined as the ratio of the actual F/A divided by the
stoichiometric F/A [12] where F and A were the amount of fuel and air in a reaction, respectively.

39



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 45, Issue 1 (2018) 35-43

The ratio can be written on a molar basis (moles of air divided by moles of fuel) or on a mass basis
(mass of air divided by mass of fuel) [13].

3. Results and Discussions
3.1 Visual Syngas and Flame

Syngas discharging from pipe outlet is shown in Figure 7. It shows that the incombustible gas
(Figure 7(a)) is white which can be attributed low combustible syngas properties as carbon dioxide

(CO3) carbon monoxide (CO), methane (CHi), hydrogen (H;) [14]. It is contrast to the case of
combustible gas (Figure 7(b)) which is yellow-orange and have higher combustible syngas properties
as compared to the case of Figure 7(a). Noted that this is first phase of the work. The properties of
syngas are not determined yet. Low or high combustible syngas properties was identified from
continuous combustion syngas that will be discussed in next section.

The visual flame from different Equivalent Ratios (ER) is shown in Figure 8. The visual flame which
can provide 8 hours continuous syngas combustion is in the range of 0. 192ER>1.17. It can be seen
that the flames become stronger when ER was smaller (amount of air is larger); but not exceed
ER=0.19. This is from direct effect of increasing amount of air in the reaction. In addition, the flame
temperature from syngas measured using IR camera is shown in Figure 9. It is show that the highest
of the flame was approximately 400°C.

a) Incombustible gas (b) Combustible gas
Fig. 7. Comparison of syngas from small fluidized-bed gasifier

(a) ER=1.17 (b) ER=0.49 (c) ER=0.31 (b) ER=0.19
(less amount of air > large amount of air)
Fig. 8. Photos of flam from variant Equivalent Ratio (ER)
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Cyclone

Fig. 9. Flam temperature from syngas measured
using IR camera (ER=0.31)

3.1 Continuous Operation

Effect of equivalent ratio on continuous operation of pilot gasifier system is shown in Table 2.
Here, the definition of continuous operation is consistency of combustible syngas which can be
visually observed the flame (Figure 8) without shut down or malfunction of the system. The results
show that the range of ER which can be provided for continuous operation was 0.192ER>1.17. The
syngas combustion for the higher or lower ER range than afore mentioned ER as ER=0.06 and 1.43
was not continuous. Moreover, the syngas at ER=0.03 and 2.64 was found incombustible.

At ER=1.43, the syngas in this case was combustible, but the combustion is not consistency. This
is from low concentration of combustible properties of syngas due to low amount of air in the
interaction. Vice versa, at ER=0.06, amount of air is larger resulting in partially-completed combustion
which case to decrease combustible syngas properties. Moreover, the syngas of ER=0.06 and 2.64
can’t be combusted due to having very low combustible syngas properties.

Table 2
Effect of equivalent ratio on continuous operation
8 Hrs.)
Equivalent Ratio (ER) operation
2.64 No burning
1.43 discontinuous
1.17 continuous
0.49 continuous
0.31 continuous
0.19 continuous
0.06 discontinuous
0.03 No burning

3.2 Temperature in the Reactor

The variation temperatures at the center of the reactor are shown in figure 10. It shows that the
temperatures at the 30 cm (point 1) from the reference point were the highest due to interaction
zone. The range of temperature, around 900 — 1,300°C, was almost higher than the combustion
temperature in the fluidized-bed gasifier which was reported in the literature [15-17]. The variation
temperatures in the reactor can be categorized by 2 groups: (1) large amount of air (ER=0.19 and
0.31) and less amount of air (ER=0.49 and 1.17). The temperature at the reaction zone (point 1) for
the case of large amount of air was higher than that of less amount of air. However, the temperature

41



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 45, Issue 1 (2018) 35-43

in the rage of 85 — 150 cm (point 3 - 6) for the case of large amount of air was lower than that of less
amount of air.
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Fig. 10. Variations of temptation at the center of reactor

4, Conclusions

A mini pilot scale of bubbling fluidized bed gasifier was successfully designed and fabricated. In

the first phase of this work is to focus on continuous operation that was expected approximately run
for 8 hours without shut down or malfunction. This study shows that the range of ER which can be
provided for continuous operation was 0.19>ER>1.17. The syngas combustion for the higher ER (1.43)
or lower ER (0.19) than that of 0.19>ER>1.17 was not giving run gasification process continuously.
Moreover, the syngas at ER=0.03 and 2.64 was also found incombustible process.

Acknowledgement
This research was funded by a grant from the Graduate School of Prince of Songkla University (PSU),
Thailand.

References

(1]
(2]
(3]

(4]

(5]

(6]

Basu, Prabir. Combustion and gasification in fluidized beds. CRC press, 2006.

Basu, Prabir. Biomass gasification and pyrolysis: practical design and theory. Academic press, 2010.

Warnecke, Ragnar. "Gasification of biomass: comparison of fixed bed and fluidized bed gasifier." Biomass and
bioenergy18, no. 6 (2000): 489-497.

Matsuoka, Koichi, Daisuke Kajiwara, Koji Kuramoto, Atul Sharma, and Yoshizo Suzuki. "Factors affecting steam
gasification rate of low rank coal char in a pressurized fluidized bed." Fuel Processing Technology 90, no. 7-8 (2009):
895-900.

Loha, Chanchal, Himadri Chattopadhyay, and Pradip K. Chatterjee. "Thermodynamic analysis of hydrogen rich
synthetic gas generation from fluidized bed gasification of rice husk." Energy 36, no. 7 (2011): 4063-4071.
Karimipour, Shayan, Regan Gerspacher, Rajender Gupta, and Raymond J. Spiteri. "Study of factors affecting syngas
quality and their interactions in fluidized bed gasification of lignite coal." Fuel 103 (2013): 308-320.

42



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 45, Issue 1 (2018) 3543

(7]
(8]

(9]

(10]

(11]

(12]
(13]
(14]
(15]
(16]

(17]

Azargohar, Ramin, Regan Gerspacher, Ajay K. Dalai, and Ding-Yu Peng. "Co-gasification of petroleum coke with
lignite coal using fluidized bed gasifier." Fuel Processing Technology134 (2015): 310-316.

Narvaez, lan, Alberto Orio, Maria P. Aznar, and Jose Corella. "Biomass gasification with air in an atmospheric
bubbling fluidized bed. Effect of six operational variables on the quality of the produced raw gas." Industrial &
Engineering Chemistry Research 35, no. 7 (1996): 2110-2120.

Ramirez, J. J., J. D. Martinez, and S. L. Petro. "Basic design of a fluidized bed gasifier for rice husk on a pilot
scale." Latin American applied research 37, no. 4 (2007): 299-306.

Herdel, Philipp, David Krause, Jens Peters, Brigga Kolmorgen, Jochen Strohle, and Bernd Epple. "Experimental
investigations in a demonstration plant for fluidized bed gasification of multiple feedstock’s in 0.5 MWth
scale." Fuel205 (2017): 286-296.

Suksuwan, W., Wae-hayee, M., Mel, M., “The Effect of Single and Double Air Inlets on Swirling Flow in the Reactor
of a Fluidized Bed Gasifier.” Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 44 (2018): 157-
166.

Sergio C. (2014), Chapter 10 - Introduction to biomass energy conversion, Taylor & Francis Group.LLC, Page 365-
367.

Michael, J., Howard, N., Daisie, D.,and Margaret, B. (2011), Chapter 13 - FUNDAMENTALS OF ENGINEERING
THERMODYNAMICS seventh edition, John Willey & Sons.Lnc, Page 779-781

Jared, P. and John, J.(2002). “Benchmarking Biomass Gasification Technologies for Fuels”, Chemicals and Hydrogen
Production. U.S. Department of Energy National Energy Technology Laboratory.

Borhan, A. (2013), Chapter 4 - Design of a gas-solid fluidized bed reactor at hight temperature and hight
pressure”,Borhan Abdelgawad.Page 97-105.

Ajmal, I. (1999), Chapter 3 - A study of the design fluidized bed reactors for biomass gasification, London University
of London. Page 19-26.

Xiao, Rui, Baosheng Jin, Hongcang Zhou, Zhaoping Zhong, and Mingyao Zhang. "Air gasification of polypropylene
plastic waste in fluidized bed gasifier." Energy Conversion and Management 48, no. 3 (2007): 778-786.

43



72

AMANUIN N.

(3 guanssa, 1A Uzuiananile, 530 LT BeYTE9A, Mohd Faizal Mohideen Batcha,
way $nes el “wavesdunndremandnenisinauvunyuanglumivgs
Indiuaufiadlnioas” n1sUssyivinsaseinglmnssuesanauielseinaliy Asai 32

3 - 6 n3NYIAY 2561 Jmdanawns Usenelne)



w i, ‘J-..f\
CST - 019 ' i, B W9 { 4
B MsUsEYAvINseTeUgImnIsuATaINaLiIUTTIWAlNg AT 32 - - i
| V¢ ME-NETT2018

3 - 6 NINYIAN 2561 FINIALNANNT

o

Havassurlamtiananisenisinawuunyualnelunmadladiuauiadlvieas
The Effect of Air Inlets Position on Swirling Flow in a Fluidized Bed Gasifier

8 guanssad’, 91au Ugviananile?, 5291 v tea9d®, Mohd Faizal Mohideen Batcha®,

way 1nAN3 wIned L

L A3 imnTsueIena ALEIMNTIUMARS IAnenduawaIuesung Ingnunmalng #.ANIE 0.9aMe Jinaswal 90110

2 g010UITIEUUNSINU U INeduasuaIunsung f.Aensd 0. malvg) 2.490a1 90110

3 g dmnssuedl AugdMmNTIuAEnNS UrnINgIYATAIUAIUNS INBWANIAE A.ADWE B.aAlng 9 inawwan 90110

4 Center for Energy & Industrial Environment Studies, Universiti Tun Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor,

MALAYSIA

5 g ATEWAUlABNENIU ALEIFINTTUAIENT NNTININEITAIUATUNS INBNURMALTEY f.ABYE B.alregy Tarinaswal 90110
" finsio: wmakatar@eng.psu.ac.th, Wasnsdwsi 0-7428-7231, Lweslnsans 0-7455-8830

unAnga

Usrasivesiduillddnumavesiunimatifnasonislivauuumsumanelusmgsladiun
wiadlvees Tunisfinwragldisaruandaiaveanuuuliaamiufinsal 3 16 laneldwenduis ANSYS
Ver.19.0 (Fluent) sunssvasmiduiuunsenszueniisluwmdusinugudnans (D) 20 lwufiums. uazdannugs
7.5D Tngoanuuumadiennialudiuduaradugunsense vieniadieniauuuassmaduniiugudnan
el 46.8 fadiuns derdiiuiwensluwndudadelfiaanisinauuunguais Tusuidedlddnw
AUMUIURININGIBINIARIINGS 3 S8AUAD Y/D= 0.25. 0.75 wag 1.25 (/D=0 Aasuniiansanvaun) lng
muAufsnIEITeIMARivatiagl gnnamsEnvwuinsdissdu v/0=0.75 viliAenslvauuumgu
Asnaeaan dsazisuuuuilueenuuulfnuaeioly

Aan: Wasladiuauiadlieasuuunyuai, nslrawuunyuas CFD

Abstract

This propose of research was investigated the effect of air inlets position on swirling flow in a
fluidized bed gasifier. A 3-D numerical model of the reactor was created using a commercial software
ANSYS Ver.19.0 (Fluent). The geometry of the reactor was cylindrical which having 20 centimeters in
diameter (D) and 7.5D in length. The bottom of air inlet was cone shape. A double air inlet with inner
diameter of 46.8 millimeter was assembled tangentially to the bottom of the reactor for generating
swirling flow. In this work, the effect of air inlets position with 3 levels ie. Y/ D = 0.25, 0.75 and 1.25
(Where Y / D = 0 was the end of reactor bottom). The air inlet velocity was constant. The results showed
that the case of Y/D=0.75 was uniform swirling flow throughout the reactor. This case will be selected
to design in the experiment further.

Keywords: swirl fluidized bed gasifier, swirl flow, CFD
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1. Miveu (C) (As received basis) % wt. CHNS/O Analyzer 47.0111 £0.4479
2. Talasiou (H) (As received basis) % wt. CHNS/O Analyzer 6.2030 + 0.0696
3. TuTAs19u (N) (As received basis) % wt. CHNS/O Analyzer 1.1716 £ 0.0207
4, FaineF (S) (As dried basis) % wt. CHNS/O Analyzer 0.1636 + 0.0004
S, 0ONFIU (O) (As received basis) % wt. CHNS/O Analyzer 39.1761 £ 0.4132
6. Net Heating Value (N.H.V.) (As received basis) kcal/kg CHNS/O Analyzer 3,989.9935 + 16.3655
7. mmﬁ{u (As received basis) % wt In-house method based on ASTM D7582 6.12 £0.02
8. Volatile (As received basis) % wt In-house method based on ASTM D7582 70.61 +0.39
9. Fixed Carbon (As received basis) % wt In-house method based on ASTM D7582 17.67 +0.45
10. i (As received basis) % wt In-house method based on ASTM D7582 5.60 +0.05
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- SD: Standard Deviation
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