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Wacharin Chantarasuwan 2013: A Computational Fluid Dynamics Study on Improving
Raw Fuel Injection Distributions in front of Diesel Oxidation Catalysts. Master of
Engineering (Mechanical Engineering), Major Field: Mechanical Engineering,
Department of Mechanical Engineering. Thesis Advisor:

Assistant Professor Ekathai Wirojsakunchai, Ph.D. 88 pages.

To increase conversion efficiency of exhaust gas in advanced catalytic converters of
modern diesel engines, the raw fuel injection technique (injecting diesel fuel in front of the
catalyst). For more increase the chemical reaction inside the catalytic converter catalyst. Occur
raising rapidly exhaust temperature cause a reduce exhaust gas at low temperature. It is found
that the flow distribution of the fuel droplets must be uniformly distributed to ensure the
uniformity of internal temperatures of the catalyst. If there occurs a hot spot inside due to
uneven flow and the internal temperature exceed the melting point of the substrate, this may

cause the substrate cracking which leads to the failure of the device.

The current study is aimed to apply a CFD program to study the possibility of
improvement of flow distribution of the fuel droplets by using baffle method. The baffles help
enhance the dispersion of fuel droplets to ensure uniform mixing well before entering the
catalytic converter. The design took into account of the back pressure. The temperature
distribution and the conversion efficiency exhaust gas within the catalytic converter. The result
of simulation shows that the uniform distribution of fuel droplets by baffles help minimize the
temperature distribution and also increase its conversion efficiency. Furthermore, DOE program
is employed to study the influence of important factors under various exhaust conditions. In
addition, appropriate DOC operating conditions can be well defined and identified appropriate
under the conditions required for the system. The results found that temperature and O,
concentration higher than 260 OC, 11% by volume and flow rate less than 75 kg/h HC will

decrease at least 50%
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StdOrder RunOrder PtType Blocks Temp (C) Flow (kg/h) 02 (%Vel) %CO %C3HE Exhaust Temp (C)

2 4 2 2 1 230 130 11 57.98 138 243.00
4 13 4 0 1 200 96 11 49.39 0.87 200.00
5 6 5 2 1 30 9 9 61.72 145 244.00
7 15 7 0 1 200 96 i1 49.39 0.87 200.00
] 3 8 2 1 170 130 1n 85 0.60 173.00
10 10 10 2 200 130 9 32.98 064 205.00
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H (%) H 1 o
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Species Concentration
0, (% Vol.) 21
CO (ppm) 1,000
C,H, (ppm) 1,000
N, (ppm) Balance
100 -
90 -
80 1 —4— Experiment
s 70 A
=]
2 60 - .
g == 3D Volumetric
8 50 Reaction
g 407 —#— 3D LH-Lumped
2 30 -
20 A
=== 1D LH-Lumped
10 -
0 T T 1
0 200 400 600

Temperature °C

MNA 18 uaaimsifSeuioy Light-off Temperature Y94 CO 910 CFD AUNSNAADI

100 -

90 -
h 80 - —&— Experiment
S 70 -
5 60 -
% == 3D Volumetric
© 30 1 Reaction
T 40 -
< 3D LH-Lumped
2 30 A

20 A _

10 - === 1D LH-Lumped

0 T T 1

0 200 400 600

Temperature °C

MNN 19 1aaIN31J58uMeV Light-off Temperature ¥09 C,H, 910 CFD AUN1NAADY



30
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1.3 Lﬂﬁ@\i‘t’luﬁm“ﬁaL“Iff)LWﬁQi’JiJQﬂU'I?Jﬂ“Iﬁ’JNﬂ‘UﬁmJ‘U Raw-Fuel Injection WYNANHI
A as @ % =t ~ Aa 9 a 2’,
INDHUIITNTEINYAIVDIUINUALEANHUIENRAAAIYTSUY Raw-Fuel NI1TAAAINITNANDING
o { a & A a ! < ) o
LEAANAINING 20 ﬂﬁWﬂa3L?JEJ@IﬂTi@]ﬂ@]\‘]ﬂWﬁﬂﬂﬁﬂ\‘lLWﬂJL@mﬁ (ls.l}ﬂfll‘W\‘], 2010) M5 UT ez DR
1 A 4 Aq ¥ = 1 <3 2 A A VA
ﬂN‘]GUfN!,ﬂ36\‘181!@]&@8?(31’331/]1‘]511‘!ﬂ?iﬁﬂ‘]ﬁ'l YU ﬂ’NﬂJL'ﬁ’J‘Uf’Nﬂ"I“]fllfJLﬁﬂVlllﬁaqmifNV‘IE)ﬂ
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lo@aFaialfnser Sunuasdsznonlods gungil Wudu ashuaasdasen s-7

Electrical Heater

* ) Pressure
' ‘ 1 © Gauge
Fuel Globe
PumpCI) } Valve
fl l
SURGE TANK -
Injector

o) — Gon) —

H a g‘/ Q7 4 o ¥ 2 2
ﬂﬁ"lﬁ 20 LaANINITAAANITEUD Raw-Fuel Injection Lsfﬁﬂmﬂ%wuﬂawm%mmﬁm

fan: Noipeng et al. (2010)

d' o A o [ A = dy a ~ YR
MINN S ﬁi‘l1’J$ﬂﬁVlW\iWHLL‘U‘lJﬂQﬂﬁ1‘H‘§’]JLﬂi@\1ﬂuﬁﬂL%ﬁLﬂfflLWﬁﬁi’JﬂJﬂi%ﬁﬂ‘H1

Test Condition
Engine Speed (rpm) 2400
Lambda 1.7
Temperature Exhaust (°C) 290

Mass Flow Rate (kg/h) 103.87
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a o A Aq Y a o a s
AT19N 6 Lm’ﬂﬂﬁﬁﬂi%ﬂ’E]‘]Jﬂ"l"lfll’ilLﬁ'EJ‘V]GlGHGL‘L!LHJTJ’JLﬂS"I%W”V]Nﬂ’E]llW’JLG]’E]i

Species Concentration
0, (% Vol.) 10.72

CO, (ppm) 0.01

CO (ppm) 1,980

H,O (ppm) 0.01

C,H, (ppm) 0.01

C;H, (ppm) 5,000

NO (ppm) 0.01

N, (ppm) Balance

d‘ = d’ = a J aan
139N 7 STEJa&L’f)EJWU’ENLﬂﬁ’fNWﬂﬂblﬂlﬁﬂlcﬁﬂliﬁﬂgﬂiﬂWmﬂﬁ OEM PRE-CAT

DOC

Properties Designation
PRE-CAT

Cell Density (CPSI) 400
Cell shape square
wall thickness (mm) 0.12
wall thickness (mil) 4.7
Length (mm) 150
Diameter (mm) 129
Substrate Volume (liter) 1.96
Pt:Pd 1:0
PGM Loading (g/ft’) 14

9 o a 4 A = a 1 aan A = Y
1.4 ’c’f‘iNLl‘U’Uﬂ1@1@\‘1‘1/]1\1?]’8’)%1/‘!’JLG]@']"’U’E)\TLﬂiﬂﬁw@ﬂqﬂlﬁﬂl%ﬂliﬂﬂaﬂiﬂ'l‘ﬂ%g‘ﬁﬂ‘]eﬂﬂ?]ﬂ

ATLUIUMSIAINTTUGOUTOY (Computer Aided Reverse Engineering, CARE) AININN 21
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d' = a ] ana d' ] a 9
Lﬂi@ﬂﬂ@ﬂqﬂlﬁﬂl%iﬁﬂﬂgﬂifﬂ‘ﬂW1Uﬂi$‘ﬂ’]uﬂ1i’]ﬁ’miiﬂEl’t']‘Lli’ﬂEl

1.5 Muuuiiaoanaounames iimsaduuuusiass lassadananouuy 3 46
o o A Y v A o = A = a
sazvhmsmmuagluuulou lvveuvaldny Tawunzihmsanuiveunsioson loideisa
1 aan ] a3
salgnsenTaeldlsunsy GAMBIT guuuvumsutaTamuiunyy  Hexahedral and
Y KR 1 A A o a P
Tetrahedral Mesh 118239a 40 107 1150053 FLUENT 101713363124 Mesh Independent
' 9 v
WU Spacing = 3 1WIUFUAIUYTENOU (Mesh) Uszu1ae 800,000 FU UAMMHUIZANND

UIVYUAINTINN 22

Mesh Independent

6.7

6.3

=—Velocity

Velocity (m/s)
(=]

5.5

5 T T T T T 1
0 1 2 3 4 5 6

Spacing

MNA 22 EAINSIAENTIUIU Mesh MM TUADINUIY
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g}/ 1 a d a 4 4 a 1 aan o
1.6 MIAIAUDANTIZHNNAouRInesiATeson lodadusslgaser mvuams
4 1 PN 3 3 % [} v o
Tvanvuduilulasnis lvannadudunuuaniizneda (Steady  flow) 13Tn156AA7
o [ [ Y 1 4
(Incompressible flow) @ m5unyvUsIaesms lvauvuiuruvesms loideas 1Faunsun

4 4 o y 1
Pesalana (Navier stokes equations) tazuUUaeInNNY W UV Standard & €

' o < < 4
Glumumm Substrate ﬂ?ﬁﬂﬂiﬁlﬂl&ﬂﬁﬁ%ﬂ substrate L‘]JuLL‘U‘]JLﬁﬁEJu !ﬁfNﬂ'lﬂﬂ']ﬁ
¥ a ¥ 9 Y o A ¢ =2 9 o ¥ <
@319 substrate VTIUU G]@Ql‘]ﬁ/]iwEJ'IﬂSV]Nﬂ@?JW’Jm’E]ﬁHﬂ PWWADININITAIN substrate uJu
[ Y 4 1 [ 1Y [ @
LLTJ‘].ILE‘TﬁE]‘L! T@a“l%'waﬂmsmmmwuﬁszmnmmwmumﬂmau (Pressure drop, AP) 12N

aumsi 11
ﬂP=§v+%va2 an

o Ao AMseen1HFuRIY (Permeability) L AoA1A MmNl (Viscosity) K ADA1AIIY
o a £ ) A ' \ ' v
duilsz@nsanudumums liaveso1nd P Av AIAINRLILY (Density) Taoa1 K w114
0 fit curve 551319 AP 71 v 910398911989 (Ming ef al., 2004) lataasan 1/0L tag K #

Cell Density A199A9A151991 8

H 1 Q.I a Q( 1 1
A15191 8 LLﬁﬂx‘lﬂTﬂ’Nllﬁil‘iJi%ﬁ‘ﬂ‘ﬁﬂ’NiJG%}”IuVITuﬂﬁllﬁﬁﬂJ@\‘]fﬂﬂTﬁﬁ Cell Density 9113

Cell Density (cpsi) 200 300 400
1/0L (m”) 1.25E+07 1.78E+07 2.74E+07
K (m") 8.48 8.66 8.91

fan: Ming et al. (2004)

g’/ oA a 4 a S Y A
ﬂT‘iﬁQﬂ1Nf]uhlsllell@llLGUGILL'IJU?Lﬂi’lgWVI’I\?‘?]'E)NW'JW]E]iHlﬂLLﬁ@QU],ﬁuﬂTW‘VI 23 ey

A15199 9
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Injection

Point ./

Y ° 4 a L4 a 4
cﬂTINﬁ 23 L!ﬁﬂ\‘lﬂ'liﬂ'l’ﬂuﬂﬁ't’]uhl"llgllf]ﬂlellﬁellﬂﬂLL“LI“]J'JLﬂi'WWTI'Nﬂ@iJW'Jm@i

A15191 9 lﬁ’f)u]lsll‘llE]‘]JL"’UGIGU’E)QLLUU%LﬂSW%ﬁVINﬂ@Nﬁ’JLﬁ@%

Boundary Settings

Inlet Mass Flow Rate (kg/s)
Outlet Pressure outlet (Pa)
Substrate Setting as porous zone
Other Wall

o a d v (J 9°l @
1.7 ‘Vnﬂ”IS’JLﬂiw‘Vif;‘lﬂymgﬂﬁﬂigﬁﬂﬂﬁ’ﬂlﬂﬂuHJu?]L"“Ifﬁ‘ﬁaﬂﬁ}’Jﬂigﬂ‘U Raw-Fuel t1ag

] 9
nmsnszatearvesgunginielunseslen ler@orausslfnser n15AA152 DY Raw-Fuel

Injection LEAIAINITINN 10
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4 4 a 4 a 4
M3 10 ﬁau"lfumameumeuamummﬁzwmm@ummas

Boundary Settings

Injection Type Solid-Cone

Particle Type Droplet

Material Diesel Liquid

Breakup Model TAB

Injection Amount (kg/s) 0.00015 (10% of Fuel Injection)
Temperature (°C) 40

Injection Angle (Degree) 13.26

[

o =1 a 4 a SAq Y
1.8 Tl'lﬂ'lﬁl‘]_r%fl‘i_lﬂflﬂﬂWaiﬂﬂﬂ’lﬁ‘ﬂ@aﬁ]\iﬂ'LIWaElnﬂl,!,‘llUﬁlﬂﬁ’lgﬂﬂ'l\?ﬂ@ll‘v\l'u@@ilﬂﬁl%

an

. . aaa AAQ Ya s A = a 1 a
Volumetric Reaction tag UDF lagignseuaiinliiasizriiaseson lo@asausalgase

Y
upu DOC Tumsfinyiiliog 2 HUUAB Volumetric Reaction 1oz UDF

a o v o = A = a ' aaa = .
ﬂ'lil,ﬂﬂﬂ§$’U’J‘Llﬂ'liﬂ1i]ﬂﬂ'l“]fhl’mﬁ'ﬂﬂWEJLﬂiE]\‘W‘I’é]ﬂllﬂl,ﬁﬁll"lﬁliﬂﬂgﬂifﬂcﬁﬂ Langmuir-

¥
a ' A

. Aa 1o (% o 1A A o = o A
Hinshelwood ’E]‘ﬁ‘]_lWEJ’JTﬂWGIW;IﬂGI’Ji]ZQﬂ@,@]Gﬁ‘UﬁQﬁ‘WHN’J ﬂﬁ?ﬁﬂﬁlluﬂﬂ1cﬁllﬂlﬁﬂﬂﬂﬂﬂcﬁﬂUlﬂ‘ﬂ

U u U

' ¥
= ' =

;4
a [ =3 o aan @ 1 aan a
WURIVDI substrate N1y 1OIFE (817 A LAz B) wiinlasenuaissalgnseneguunui

U

9 [ 9] A o aan % a 1 o A Aaan dyl
LLﬁ’J‘llﬁ@fJﬂ”I%”VIN”I'Llfnﬁ‘ﬂ”l‘ﬂ;]ﬂﬁﬂTﬂu%uLﬂﬂﬁTiclﬁiJ (@135 ©) ﬂ@ﬂﬂ?%ﬁliﬂﬂﬂ{]ﬂiﬂ?ﬂ??

P
A A

aaa [ { I [ .
UfHA3e1MUA (Surface Reaction) Aan 1 24 wagiemiluaums ldasaumsi 12 - 14

30

. B
desorption ®

adsorption f C

Y v o aan j‘ a
ﬂW‘Iﬁ 24 Llﬁﬂﬂ‘ﬂaﬂﬂ"l'i‘ﬂ”l\‘]”llﬁli’)\‘iﬂ{]ﬂiﬂ"l‘l/‘luwﬁl

fan: http://moodle.ncku.edu.tw/file.php/49092/1 Charaterization of catalysts.pdf
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A+S = AS (12)
B+S <= BS (13)
AS+BS —C (14)

Tun1311aun3 Surface Reaction W19 lasasenuTisunsy CFD 19 limunzaw
1 d‘ [ 1 1 o Aann % = g’/ é =% [} =1
IAATenAI0E 1Y MINURNse1wes CH, 11 O, Nanua 38 duns FaliaalTuaida 76
1 ] ) o 3 1 g’/ o
AR89 (Deutschmann, 2001) Ml 11 lumshnuiluedranindanadesldnineins
o o A

a J 9 v R 9 an A v a 2 . .
NNADNNUABDITFININ E&’Jﬁ]EJ%QUIQWTJ‘IWIMNRﬁiJﬂUﬂu’J gUUUAD Volumetric Reaction LIA1g

Langmuir-Hinshelwood Lumped (LH-Lumped)

. A I . A A a aan = 1 1 A
Volumetric Reaction L“JJ‘L! Global Reaction ‘VliJﬂﬁhlﬂaﬂﬁ!,ﬂﬂﬂgﬂimmil’i)ﬁﬂﬂxﬂﬁlﬂ

awnsaliegluziediaded 2 Ufasemansdsaunisi 15 uaz 16
C3H3+502 _:’SCGE +4‘H20 (15)

CO + 20, — CO, (16)

[ a Aaan ~ o =
Tunmiswigasimanal§aser @unish 17) dawisaldaunisvesersisiiod
[V { < o I a 4 [ {
(Arthenius ~ Equatuion) adun159 18 @egniir lihiilunszuirumsinsigdivaninylu

Ta/51tn53 FLUENT

r = k(T) [A]™[B]" (17)
_Es
k(T) = Ae Rt (18)
r - 9a3IMINA 381 (kmol/m’-sec)
[A]  : anududuas A (mol/m’)
[B]  :anududuas B (mol/m’)

[

mn  :@YIUADUYNTEIVRIANT A Az B mua1a (-)

KT) :A1neneast ()
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A . uWnAB$ANA (mol/m’-sec)
Ea - WAINUADANNUA (J/kmol)

R . ATUBIUAT (8.314 J/Kmol-K)
T . uUNHl (K)

. . N 3 . . ' H
Langmuir-Hinshelwood Lumped Aumsin i Langmuir-Hinshelwood 6@11&3 o8

] @ x I
QTEJT@EJEJTJ adsorption, desorption @i pore diffusion phenomena suaeiu Faiu

a oA a v

aszuIumMIBaTeHnny launluraisnaudse (Voltz et al, 1973; Koltsakis et al, 1997)
dy @ o I a J o 9 @
wonviniigigniilitlunszuaumsiasizivanlulisunsy AVL-BOOST Arudana

aumsi 19 ag 20

Y v
Tumsanetazimsaneludsunsy FLUENT Slunidnisdesld UDF lumsiag

= . ’ A (aaa A A a S Aq YA
18y Langmuir-Hinshelwood Lumped Lmumﬂgﬂimmumu Tagmuinoununesnlsne C++

—2

1+K,-e T -yco+Kg-e T -yoghg

=E3 ~Ep ~Eg
[Kl-e T -ycc-ycz] ]

oo = —Eg ] —E ] (19)
. “Tq

e —5
1+K,- e T -y2co-yZcghg| |1+K5-e T -v""no

h -z
ZEz ZEs
1+K;-2e T -yco+Kgz-e T -}rcﬂhﬁ]

—Ex
Ki-e T -ycgh,- }’ﬂz]

Teahe = —Ea —E: (20)
1+K,-e T -yzco-}fzcahﬁ]- 1+Ks-e T -y“'?no]- T

r : 9031M3NAYYNT8 (kmol/m3-sec)
] (4]
Y, ey au Tuavesas k Tugdvesmay ()
Qdy a
T, : QUUYUWUNI (K)
o [ v o J
E-E, :Wadinunonuuua (K)
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SulmesnNe (O
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1.9 U5uilgamsnszneaiveaiuarannanie Raw-Fuel Iasdsunlasudanyuy

23 = [ A A Y a o A ° ’é v o
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Inlet

/

awifi 25 (n) Y5uisedremsAariuaiuguns lvanusnunesediuan 5 uiu (v) Ysuilgs

Y 2 ' 1 9
ﬂ']flﬂ’lﬁlWllﬂ'J’lllfl’l'J‘i/’I'E]ﬂ't’]Ul"U’lq substrate 30 cm.

H g & 1 1
Tumsnlseumeunsnszanedinaiudueye NN UAALALRUUYN 1UANAIIN

waiiosla suienTasldandoauuuninigiu (Standard Deviation, SD)

SD = J% (TN (x; —%)2) @1)

SD A udeuuuNINTIU

T
v A

- AveToyanIN i

1 = 9
: AURAYVVIVDYA

N - Truudoya

]
an A

= [ A = a 1 a A~ (3
1.10 penmstsuilyunsosen lo@adusal aserniinsnsznieaivesguuging
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A o

~ A A o A PPN ] Aan A Y ax

figa modmganGuhavveunsesen lodemusalfase1nnad1e95 Raw Fuel lag
o 9 9 < Y o a J
ihdeyavesnisnaaesves (e, 2010) i lslumsesnuuumsnaass uazii lainszd
ae11sunsu MINITAB T¥mseenuuumsnaasiaiongui) Box-Behnken 3 1998 fvuald
311m CO wag C,H, AN 1,980 ppm 1Az 5,000 ppm ANEIAY Faedoyan ldnaaeunda
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Contour Plot of %CO vs Flow (kg/h), Temp (C)
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Contour Plot of %CO vs Flow (kg/h), Temp (C)
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Contour Plot of %C3H8 vs Flow (kg/h), Temp (C)
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Contour Plot of %C3H8 vs Flow (kg/h), Temp (C)
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#include "udf.h"

#define R 8.314

#define K1 74074000
#define K2 65.5
#define K3 2080
#define K4 3.98

#define K5 479000

#define E1 4615
#define E2 961
#define E3 -361
#define E4 11611

#define E5 3733

#define K6 1.1111e9
#define K7 65.5
#define K8 2080
#define K9 3.98

#define K10 479000

#define E6 8285
#define E7 961
#define E8 -361
#define E9 11611

#define E10 3733

/#[i/(mol*K)]*/

/*[kmol.K/(m"2.8)]*/
/*[-1*/
I*[-1%/
/*[-1*/
I*[-1*/

/*¥5726.85[degC]*/
/*-1234.15[degC]*/
/*-634.15[degC]*/
/*-11884.15[degC]*/
/*3459.85[degC]*/

_______________ %/
/*[kmol. K/(m"2.s)]*/
[*[-1*/

/*[-1*/
[*[-1*/
[*[-1*/
/*¥7724.85[degC]*/

/%-1234.15[degC]*/
/%-634.15[degC]*/
/%-11884.15[degC]*/

/*3459.85[degC]*/
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#define K12 1.1111e9 /*[kmol. K/(m"2.s)]*/

#define K13 65.5 /*[-1%/

#define K14 2080 /*[-1¥/

#define K15 3.98 /*[-1%/

#define K16 479000 /*[-1%/

#define E12 8285 /*7724.85[degC]*/

#define E13 961 /*-1234.15[degC]*/

#define E14 -361 /*-634.15[degC]*/

#define E15 11611 /*-11884.15[degC]*/

#define E16 3733 /*3459.85[degC]*/

[ mmmmmm e NO REACTION -------=------- Y

#define K11 lell /*[m™N(2.5).K/(kmol™(0.5).s)] ----- NO Equation 1*/
/*#define K11 100000 *[m™2.5).K/(kmol”(0.5).s)] ----- NO Equation 2*/
#define E11 6200 /*5926.85[degC] NO Equation 1*/
/*#define E11 6200 /*[degC] NO Equation 2*/
#define A 0 /*Temperature Dependency, [-]*/

DEFINE VR RATE(VR RATE BOOST,c,t,r,mw,y,rate,rr _t)
{

double yo2 = y[0];

double yco2 = y[1];

double yco = y[2];

double yh2o = y[3];

double yc3h6 = y[4];

double yc3h8 = y[5];

double yno = y[6];

double yn2 = y[7];



double mwmix;

double Patm;

double rho;

double Ts;

double x02, xco02, xco, xh20, xc3h6, xc3h8, xno, xno2;
double AA, BB, CC, DD, EE,;

double FF, GG, HH, II, JJ;

double KK, LL, MM, Kequl, Kequ2;

double NN, OO, PP, QQ, RR;

double co2, cco2, cco, ch20, cc3h6, cc3h8, cno, cno2;

mwmix =

76

1/((y[0)/mw[OD+(y[ 1)/ mw[1]D+(y[2)/mw[2]D+(y[3)/mw[3D+(y[4)/mw[4]D+(y[5)/mw[5])+(y[6]/m

wl6D+(y[7]/mw([7])); /*1/((0.008783243/31.9988)+(1.568849¢-

06/44.00995)+(0.01457824/28.01055)+(6.422038¢-

07/18.01534)+(0.0006750436/42.08127)+(0.001069646/30.0061)+(0.974891629/28.0134));*/

Patm = 101325+C_P(c.t);
Ts=C T(c,b);

tho = C_R(c.,t);

/*Mass Fraction to Mole Fraction*/
x02 = y[0]*mwmix/mw[0];

xc02 = y[1]*mwmix/mw[1];

xco = y[2]*mwmix/mw[2];

xh20 = y[3]*mwmix/mw[3];

xc3h6 = y[4]*mwmix/mw[4];
xc3h8 = y[5]*mwmix/mw[5];

xno = y[6]*mwmix/mw[6];
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/*Mass Fraction to Molar Concentration*/
co2 = y[0]*rho/mw([0];

cco2 = y[1]*rho/mw[1];

cco = y[2]*rho/mw[2];

ch2o = y[3]*rho/mw[3];

AA = K1*exp(-E1/Ts)*xco*x02;

BB = K2*exp(-E2/Ts)*xco;

CC = K3*exp(-E3/Ts)*xc3h6;

DD = K4*exp(-E4/Ts)*pow(xc0,2)*pow(xc3h6,2);

EE = K5*exp(-E5/Ts)*pow(xno,0.7);

FF = K6*exp(-E6/Ts)*xc3h8%*x02;

GG = K7*exp(-E7/Ts)*xco;

HH = K8*exp(-E8/Ts)*xc3h6;

II = K9*exp(-E9/Ts)*pow(xco,2)*pow(xc3h6,2);

JJ =K10*exp(-E10/Ts)*pow(xno,0.7);

NN = K12*exp(-E12/Ts)*xc3h6*x02;

00 = K13*exp(-E13/Ts)*xco;

PP = K14*exp(-E14/Ts)*xc3h6;

QQ =K15*exp(-E15/Ts)*pow(xco,2)*pow(xc3h6,2);

RR = K16*exp(-E16/Ts)*pow(xno,0.7);

/*Kequl = pow((Patm/(UNIVERSAL_GAS_CONSTANT*Ts)),-1)*exp((-
18.518)+(13697/Ts)+(0.5582*(Ts/1000))-(0.04489*pow((Ts/1000),2))-(0.8278*10g(Ts/1000)));*/

/*Kequ2 = pow((Patm/(UNIVERSAL_GAS_CONSTANT*Ts)),-0.5)*exp((-
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9.259)+(6848/Ts)+(0.2791*(Ts/1000))-(0.02245*pow((Ts/1000),2))-(0.4139*1og(Ts/1000)));*/
/*KK = K11*pow(Ts,A)*exp(-E11/Ts);*/
/*LL = (pow(cno,2)*co2)-(pow(cno2,2)/Kequl); /*NO Equation 1*/

/*MM = (cno*pow(c02,0.5))-(cno2/Kequ2); /*NO Equation 2*/

if (FLUID THREAD P(t) && THREAD VAR(t).fluid.porous)
{
if (STREQ(r->name, "reaction-1")) /*--- CO
REACTION FROM AVL BOOST ---*/
*rate = AA/(pow(1+BB+CC,2)*(1+DD)*(1+EE)*Ts);
else if (STREQ(r->name, "reaction-2")) /*--- C3H8 REACTION
FROM AVL BOOST -*/
*rate = FF/(pow(1+GG+HH,2)*(1+I1)*(1+JJ)*Ts);
/*else if (STREQ(r->name, "reaction-3")) /*--- C3H6 REACTION
FROM AVL BOOST -*/
/**rate = NN/(pow(1+OO0+PP,2)*(1+QQ)*(1+RR)*Ts);*/
/*else if (STREQ(r->name, "reaction-4")) /*--- NO REACTION Kequl
FROM AVL BOOST ---*/
/**rate = KK*LL;*/
/*else if (STREQ(r->name, "reaction-4")) /*--- NO REACTION Kequ2 FROM
AVL BOOST ---*/
/**rate = KK*MM;*/
H
else *rate = 0.;
*r_t = *rate;

}

H 1 a 4
MWAYWINT N1 M5ITeUTANN1T Langmuir Hinshelwood Lumped THoglugilnmiaeuiuaes

C++
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OEM

370
366
362
358
354
350
346
342
338
334
330
326
322
318
314
310
306
302
298
294
290

BAFFLES

EXTEND

0 mm 26 mm 52 mm 78 mm

: o . .
MNEUINT V1 NINAAVI9N8TY substrate mmqmﬁgwmm‘i'ﬁﬂumuﬁizazmmTﬂai%’ Volumetric Reaction

105 mm
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OEM

370
366
362
358
354
350
346
342
338
334
330
326
322
318
314
310
306
302
298
294
290

BAFFLES

EXTEND

0 mm 26 mm 52 mm 78 mm

. — .
MWHUIDT 42 NINAAYI19N10 11U substrate YOIgUHYHHAINMTAAUNIUNTZ2A199 TAe1d Langmuir Hinshelwood Lumped

105 mm

I8



OEM

0.0100
0.0098
0.0095
0.0093
0.0090 h A
0.0088 ; : . / E -
0.0085 BAFFLES
0.0082
0.0080 / (
0.0077 ‘
0.0075
0.0072 ‘
0.0070 ) ) ) \
0.0067
0 0065 EXTEND
0.0062
0.0060
0.0058
0.0055
0.0052 ]
0.0050 ’ s ’ ’

0 mm 26 mm 52 mm 78 mm 105 mm

MWAUINA U3 N INAAY1918 11 substrate Y99 C,H, N5z0zA199 1ao1Y Volumetric Reaction
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OEM
0.0100 '
0.0098
0.0095
0.0093
0.0090 e
0.0088 ’ : : : : '
0.0085 BAFFLES
0.0082 r
0.0080 ' ’
0.0077
0.0075
0.0072 \
0.0070 ) ! : )
0.0067
0 0065 EXTEND
0.0062 /
0.0060 i
0.0058
0.0055
0.0052 -
0.0050 : : o : ' o

0 mm 26 mm 52 mm 78 mm 105 mm

MWAUINA ¥4 N INFAY19018 11 substrate Y09 C,H, N3zozA19 1o 1% Langmuir Hinshelwood Lumped
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OEM

0.0020
0.0019
0.0018
0.0017
0.0016
0.0015
0.0014
0.0013
0.0012
0.0011
0.0010
0.0009
0.0008
0.0007
0.0006
0.0005
0.0004
0.0003
0.0002
0.0001
0.0000

BAFFLES

EXTEND

0 mm 26 mm 52 mm

MNHUINN U5 P INAAVIIN8TY substrate V09 CO Nzora1ee) Taald Volumetric Reaction

78 mm

105 mm
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OEM

0.0020
0.0019
0.0018
0.0017
0.0016
0.0015
0.0014
0.0013
0.0012
0.0011
0.0010
0.0009
0.0008
0.0007
0.0006
0.0005
0.0004
0.0003
0.0002
0.0001
0.0000

BAFFLES

EXTEND

« l < l < E

0 mm 26 mm 52 mm

y (Z { N 9 . .
MWAHINA V6 NINAAYI19N18 1Y substrate VB9 CO N52azA199 11y Langmuir Hinshelwood Lumped

78 mm

105 mm
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- 349
348
347
346
345
344
343
342
341
340
339
338
337
336
335
334
333
332
331
330

BAFFLES

EXTEND

0 mm 26 mm 52 mm 78 mm

. , Y o A . ) .
MWHUIDT 47 N MaAY19N1eTU substrate YoIgmHYNNOUMIAAT N UNTZozA199 1A81F Volumetric Reaction

105 mm
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341
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337
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334
333
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331
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EXTEND

0 mm 26 mm 52 mm 78 mm

v ' Y o A ' . .
MWHUIDT U8 NINAAYI19N18 U substrate YoIgUHYHADUMIAAU M UNTZozA19 Ao 1H Langmuir Hinshelwood Lumped

105 mm
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