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A study of various parameters influencing emission reductions in a diesel
oxidation catalyst (DOC) of diesel dual fuel engine by using design of experiment

(DOE)
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Abstract

Nowadays, all over the world including Thailand are facing a shortage of fuel and rapid rising oil
price. Currently, there are many attempts trying to find alternative fuels to replace fossil fuel usages. For
diesel engine, the diesel fuel with natural gas called diesel dual fuel (DDF) is one of the recent
techniques many researchers have paid attention to. However, the pollutions from DDF engines
especially hydrocarbons and carbon monoxide higher than conventional diesel engines. Therefore, topics
on reducing emissions from DDF engines are of great interest in the current research now.

In this study, an experimental design, modeling, and analysis on the catalytic convertor
performance of DDF engines are investigated. To study the influence of various factors in reducing
pollutions from the DDF engines, boundary conditions were firstly determined based on various exhaust
conditions. Then DOE model was created and run in a cycle simulation software packages called AVL
BOOST. Kinetic parameters on AVL'’s aftertreatment model were calibrated based on experiment data.
Subsequently, two different DOE techniques have been employed to study the trend factors that relevant
to the reduction of pollutions from DDF engines. The result showed that exhaust flow rate, temperature

and the concentration of propane, oxygen and carbon monoxide strongly influence the catalytic converter

performance.

Keywords: Diesel Dual Fuel, Diesel Oxidation Catalyst, Emissions, Design Of Experiment.
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K = Term in reaction rate equation (variable)

r = Reaction Rate (

E = Activation temperature of each reaction (K)
T = Temperature of solid (K)

y = Mole fraction of species (-)

Parameter Original DOC
Designation o
CPSI 300
Cell shape Square
wall thickness (m) 0.0047
Length (m) 0.15
Diameter (m) 0.129
Substrate Volume (m3) 0.002
Pt:Pd 1:0
PGM Loading (%) 0.5
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Factor Unit Low High
level level
1) | (+1)

FlowRate | Kg | 20 35

h

Temperature | °C 300 400
CO % 0.2 0.8

0, % 2 14

C,H, ppm | 2500 | 10000

4. HAYDILULINRDY
4.1 NSHYVLALIANLUUINR DY
g v Y o o lﬂl U &/

Tuiflasdnldvirvvusiaasnasradw
USUNBUNUNANITNARSY Light-Off Temperature
ﬁi a a 1 aaa tﬂ' 6
van3asnanlalfoifossl fisonluiesosoud
ALTRLTALNRITIN "Lﬁwaé’agﬂﬁ 418z 5 lap
AIN1IINLeas Ve IR oL FUNIRNITRNG D

WUUIIRDII LLamlmTaHa@”amswﬁ 3

120
o | : |
100 #I—L—.—L—.—It»

90
80
70 I
60

—4—LAB

50
0 /f —@—BOOST
- 7]
20 //
10

0 100 200 300 400 500

Conversion CO (36}

Temperature (C)

gﬂﬁ 5 anUsUisUvaINITanUSum

6 6
AMIUaUNaNaN ke

A : a & o a A =
A1319N 3 ﬂ’]W']i’]llL@]aiTaﬂﬂ’]sﬁvLaLaﬂ‘ﬂﬁul"ﬂﬂﬂiﬂ’]

Emissions Kl( kmol- K ] E,(degC)

m?s
C,H, 100000000 11800
co 127037000 11000

120 |
110
100 P.—J—._‘.
90 I
30 I
70 l
60

——LAB
50

~—B00ST
40
30
=== /
10 J

0 ——1 t

o 100 200 300 400 500

Temperature (°C)

% C3H8 Conversion

;J‘]Jﬁ 4 fUSUNEUVRINTAALS U DI WTLN G

¥ a s aa
4.2 N1528NLUUNISNAABINIYIDNIIADG
4.21 an1snaaadsnuuunanalsga
luni1saanuuunisnasasunanatsoa 1o
T1d5un38 Minitab LLamaﬂTayjaﬁaminﬁ 4 ¥inn1s
A Yoo oA = o ' o A o
iRantadunanladne 5 a2 lasudazald 2 2y

VL@Tﬁ‘]’WH'JHﬂ’ﬁVIG’IaENVTG%N@Lﬂu 32 NMINA[DI

A a
AMT19N 4 NINARILNANALILA

FlowRate(kg/h) Temp(C) C3HB{ppm) CO{%) 02(%) ConversionC3HE&(%) ConversionCO{%)
35 400 10000 0.2 2 3484847 71.19598]
35 400 10000 0.8 2 166158 6.61114
20 400 10000 0.8 14 98.15973 98.4343
20 300 10000 0.8 2 0.083%4 0.40023
20 400 2500 0.2 14 08.34817 99.06916|
35 300 2500 0.8 2 0.0467 0.22777|
35 300 10000 0.8 2 0.04729 0.2291
35 300 2500 0.2 14 245754 1184258
35 300 10000 08 14 034272 170023
35 400 2500 0.8 14 54 B2661 9752568
20 400 10000 0.8 2 3.58728 13.60306|
35 300 2500 0.8 14 0.32823 1.6502
20 300 10000 0.8 14 0.61363 3.08825
20 300 10000 0.2 2 0.55252 276402
20 400 2500 0.2 2 27.05806 67.21936|
20 300 2500 0.2 2 0.53688 267073
20 400 2500 0.8 2 2.969 11.5429]
35 Ap0 2500 0.2 2 10.8404 36.05515
35 300 10000 0.2 14 3.34006 15.31596
0 300 2500 0.2 14 5.06093 22 59017
20 300 10000 0.2 14 B2.82497 90.34658|
35 400 2500 0.8 2 152129 6.11429
20 300 2500 0.8 14 0.589%6 2.34552
35 400 10000 0.2 14 99.23223 99.42405
35 300 2500 0.2 2 0.30202 1.52659
35 400 10000 0.8 14 08.00829 98.45461
20 400 2500 0.8 14 §7.18707 97.91549|
20 300 2500 0.8 2 0.08386 0.39819
20 400 10000 0.2 2 48 69939 83.33337|
35 300 10000 0.2 2 0.3076 1.55935
35 400 2500 0.2 14 96.71207 98.98661
20 400 10000 0.2 14 95.23284 99.39715
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Contour Plot of ConversionCQO(%4a) vs 02(%), CO(%0)
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AN 5 MINARBILLL Box-behnken

FlouFate(kath Temp(G] CEHE(ppm] GO0 02(#)  ConuerrionGEHE( ConuerrionCO0)
215 50 10000 05 Z 5039 FETEED
Zi 50 L] w5 14 AdEE1EE YL ZEASS
215 =00 10000 05 k3 05172 z.hEE0z
215 50 EZE0 05 k3 E.0adzd 20057
215 50 EZE0 05 k3 E.09d:d 20057
zi 50 EZE0 ne k3 4512947 ELR T F
ET.5 50 L] e 14 HEERHAT HEMEET
zi 50 EZE0 g k3 Z.95102 1241599
215 50 EZE0 05 k3 E.0adzd 20057
5 50 2500 05 k3 .473H 12.5964%
zi LI EZE0 05 k3 97508 QEOETOE
215 LLL EZE0 w5 14 EER R E.316dd
5 LI EZE0 05 k3 6. 5Ga5d AT.ATEEE
215 50 2500 05 Z LA b Fdezzd
215 50 EZE0 g 14 4.97502 19.7444¢
215 50 2500 05 1 1407736 45.51697
215 50 2500 X & 175164 TEAEE
5 50 EZE0 g k3 13T EEEEY
5 =00 EZE0 05 k3 039204 1.97459
215 =00 EZE0 g k3 023599 1490
5 50 EZE0 05 1 E2.04972 FR.d2TE
215 50 10000 X # 0EE £7514%
215 50 10000 ne k3 QE.03d9d 7. 3044
5 50 EZ50 05 Z 0.E0STE Z. 72019
275 LT 2500 05 k3 91.75454 LA
215 50 10000 05 1 AENZFEE QEEGZOE
215 LLL EZE0 X # 9d.8T0EY GEFEAE
215 50 EZE0 ne Z ERA LR 14799
2T.5 =00 EZ50 05 14 095073 471284
275 50 EZE0 05 k3 E.09dz:d 20057
zi 50 EZE0 05 Z 110651 d.a0zzd
21.5 L] 10000 0.5 & AT.a03a% 95 ZE3S
215 LI EZE0 05 Z R L 1552409
5 50 L] e & TEEEEES FA.TOEES
275 =00 2500 05 k3 0.49472 Z.dg69d
215 =00 EZE0 ne k3 15261 . 36ZEE
21.5 L] EZE0 0z & 9533622 4540731
zi =00 EZE0 05 k3 0.711ed EX-LELES
ET.5 50 L] nE H 0.ETETE 1EEEEE
5 50 10000 05 k3 40785 1654329
215 =00 EZE0 05 Z nAzZ00z NENZET
zi 50 10000 05 k3 295439 LEX L1
215 50 2500 ne k3 1962301 ET.74775
215 50 EZE0 w5 & B.adzd 20 0ETE
zi 50 2500 05 k3 E.EdzEE ZE.dEZET
275 50 EZE0 0.5 & 509434 20 F05TE
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Normal Probability Plot
({response is ConversionC3HS(%6))
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w
g

T T T T T T T
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Standardized Residual

gﬂﬁ 11 NIILINWAILVLUYUNAVBIA Residual V8
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Normal Probability Plot
(response is ConversionCO %

Percent
n
a2

-2 -2 -1 o 1 2 8
Standardized Residual

gﬁﬁ 12 NMILANLIILUVUNAVBIAT Residual Va4

a 6 2
NMINAUIVIUANTLAUN U ﬂvL‘IT@

mMIAaMNzAANNLYIUTIU (ANOVA) Q”L@i”ﬁnﬂ
@1 P-value < 0.05 (NT2AUANLTaN® 95%)

' Y o daa a ' A A
WUI1 Uadaniantwadalszansainlunitaa
USalnawuneanunnulaifuadralivedamy
HUAD BAIINITINR ol USumaandiaw
USulwsins wazlSuimansuauuawan laa
' Y o daa a ' A A
fandadundaniwadalszanininlunisaa
USunmsuanyanan loanaanuinylaldaatinei
ugdAyuuia gannil dSunmeandian Yiunm
TWILW LRzUSuI AT UAMNaKAN 16 AILRAIL%
3UN 13 waz 14 mudeu TasanmIaaTz i
AMNUFNNUTIZWINIUITDWLIN ANNRFUNWIN Le
Wuguuureasaunsdaun 2 (Second  Order

o A

Model) a3

AEC12

Conversion C,H, (%) = 1299.02
—6.562-Temp +0.013-C,H,
—-107.118-CO —-20.855-0,
+0.355- Flowrate® +0.01-Temp?
+181.577-CO® —7.28E* - Flowrate -C,H,
+0.077-Temp-0, +0.001-C,H, -O,
—12.451-CO-0O,

Conversion CO (%) = 806.109
~3.895-Temp +0.009-C,H, —138.10-CO
~15.476-0, +0.006-Temp?
+148.423-CO?* +0.086-0;
+0.063-Temp-0, —9.559-CO-0,

Analysis of Variance for ConwersionC3HS (%)

Source IF Seq 55 Adj 55 Adj M5 F P
Regression 20 72253.4 72253.4 3612.7 9.85 0.000
Linear 5 55EE7T.9 55687.9 11137.6 30.48 0.000
FlowRate (kg/h) 1257.5 1257.5 1257.5 3.44 0.075
Teup (C) 28502.2 28502.2 Z850z.2 78.01 0.000
C3HE (ppu) 3842.8 3842.8 3642.8 10.52 0.003
Cois) 8770.8 8770.8 8770.8 24.01 0.000
02i%) 13314.6 13314.6 13314.6 36.44 0.000
Square 7367.5 7367.5 1473.5 4.03 0.008

FlowRate (kg/h) "FlowRate (kg/h)
Tewp (C) *Teup (C)
C3HE (ppuw) *C3HE {ppu)
COi%)*COi%)
0Z(%)*02(%)

Interaction
FlowRate (kg/h) "Tenp(C)
FlowRate (kg/h) *C3HES (ppw)
FlowRate (kg/h) #00 (%)
FlowRate (kg/h) #02 (%)
Tenp (C) *C3HE (ppm)
Tewp (C)*CO(%)
Tewp (C)*02 (%)
C3HE (ppm) *CO (%)
C3HE (ppw) *02 (%)
CO{%)*02 (%)

gﬂﬁ 13 HANIIILATIERANNLYTUTIUVBINNTAA

1307.5 3485.7 3485.7 8.54 0.005
3334.6 5094.2 5094.2 13.84 0.001
313.8 l00z.9 1002.9 2.75 0.110
1935.4 2330.7 2330.7 6.38 0.0l8
476.2 476.2 476.2 1.30 0.264
9195.0 9198.0 918.8 2.52 0.030
0.1 0.1 0.1 0.00 0.987
1676.7  1676.7 1676.7 4.59 0.042
107.0 107.0 107.0  0.29 0.593
170.7 170.7 170.7 0.47 0.501
9.4 9.4 9.4 0.03 0.374
0.8 0.3 0.8 0.00 0.963
z139.0  2139.0 Z139.0 5.85 0.023
1448.8 1448.5 1443.8 3.97 0.057
1636.5 1636.5 1636.5 4.48 0.044
z009.0  2009.0  Z009.0  §5.50 0.027

-
e I L R SR S

USuosIwsiwn

Analysis of Variance for ConwversionCo(%)

Source DF Seq 535 Adj 55 Adj M5 F P
Regreasion 20 B5716.5 AS5718.5 3285.9 9.3% 0.000
Linear 5 57040.5 57040.5 11408.1 32.57 0.000
FlowRate (kg/h) 1 918.5 9138.8 9138.8 2.62 0.118
Teup (C) 1 28315.6 28815.6 238815.6 B2.26 0.000
C3HE (ppm) 1 1692.6 1692.6 1692.6 4.83 0.037
Coi%) 1 10z19.6 10219.6 10219.6 29.1% 0.000
02(%) 1 15393.8 15393.8 15393.86 43.95 0.000
HSquare 5 39594, 7 3994.7 798.9 2.28 0,077
FlowRate (kg/h) *FlowRate (kg/h) 1 983.0 21938.8 21938.8 6.253 0,018
Tewp (C) *Teup (C) 1 1061.7 19Z1.8 19Z1.8 5.49 0,027
C3HS (ppw) *C3HS (ppn) 1 380.0 §39.9 §39.9 2.40 0,134
CO(%)*CO(%) 1 1475.7 1557.3 1557.3 4.45 0,045
02 (%) *02(%) 1 84.2 84.2 84.2 0.24 0.628
Interaction 10 4683.4  4683.4 468.3 1.34 0.265
FlowRate (kg/h) *Teup (C) 1 0.5 0.5 0.5 0.00 0,969
FlowRate (kg/h) *C3HE (ppm) 1 1001.3 1001.3 1001.3 2.86 0,103
FlowRate (kg/h)*CO(%) 1 .2 .2 .2 0.00 0,932
FlowRate (kg/h)*02(%) 1 28.4 28.4 28.4 0.08 0.778
Temp (C) *C3HE (ppm) 1 0.3 0.3 0.3 0.00 0.976
Temp (C]*CO(%) 1 7.9 7.9 7.9 0.02 0.g82
Teup (C)*02(%) 1 1439.5 1438.5 1438.5 4.1l 0.053
C3HS (ppm) *C0 (%) 1 371.2 371.2 371.2  1.06 0,313
C3HS (ppm) 702 (%) 1 549.8 649.8 649.8 1.85 0.185
CO%)*02(%) 1 1184.3 1184.3 1184.3 3.38 0.078

gﬂﬁ' 14 HANTIATIZRANNLYTUTIUVBINNTAA
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Contour Plot of ConversionC3H8(%a) vs C3H8(ppm), FlowRate(kg/h)
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Contour Plot of ConversionC3H8(%) vs O2(%0), Temp(C)
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Contour Plot of ConversionC3HE(%) vs 02(%0), CO(%)
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Contour Plot of ConversionCO(%) vs 02(%0), Temp(C)
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Contour Plot of ConversionCQO(%4a) vs 02(%), CO(%0)
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Boundary Condition Minitab AVL Boost
Temperature (C) 02 (%) ConversionC3H8(%) ConversionCO(%)  ConversionC3H8(%) ConversionCO(%)
30 4 <0 < 0.545 2591
40 10 <0 <40 4.286 7.1
380 4 <0 20-40 1.27 20,223

380 12 > 60 > 60 96.983 97.917
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