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Napumee Waitayapat 2012: Methane Reduction from DDF Engines under Low Load
Conditions by Use of Electrical Heater Coupled to Catalytic Converter. Master of
Engineering (Mechanical Engineering), Major Field: Mechanical Engineering,
Department of Mechanical Engineering. Thesis Advisor: Assistant Professor

Ekathai Wirojsakunchai, Ph.D. 132 pages.

In this research, an electrical heater system was chosen as a tool to increase the exhaust
temperature of DDF’s catalytic converter system in order to decrease methane. The advantage
of this system is that the tool has low price, requires less area, and installs easily. The system
was installed in The exhaust pipe system of the prototyped DDF engine, which was located
before the entrance of the second catalytic converter (MAIN-CAT) for reducing methane gas.
The temperature of exhaust, Lambda, the volume of Mass Flow Rate and percent of Energy
Ratio are brought to the study to analyze the factors which can reduce methane gas from the

electrical heater system.

The result showed that the electrical heater system car raise the temperature of exhaust,
affecting catalytic converter do go to light-off temperature rapidly. This can reduce methane
emissions from the DDF engine. Moreover, we found that not only the increasing temperature
of exhaust before entrance to MAIN-CAT but also the characteristics of exhaust (the volume of
oxygen in exhaust and chemical compositions of exhaust) were important factors of reducing
methane gas. The result also showed that the exhaust mass flow rate and the level of CO
emission have strongly affected the increasing temperature of exhaust and the efficiency of
catalytic converter with proper exhaust conditions the electrical heater can raise the temperature

of the exhaust before MAIN-CAT to 350°C, and reduce methane gas more than 95%.
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H 9
MNA 13 1AAIdIHUINIAnAY EHC Tusa BMW ALPINA B12 (418) aznndav19uaa
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1301: Hanel ez al. (1996)

Minimum Battery Volt
(engine cranking and EE:C operating)
: Sl S

11,5

11,0 1

10,5

10,0

9,5

Battery Voltage

9,0

8,5

8,0 : <
o] 2000 4000 6000

Number of Cycles

N 14 1EAAT Battery Voltage Y9 ILUAADIUUIAA 1
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1301: Shimasaki et al. (1996)
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(a) Set of insulation structure (3)
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Substrate

Power requirement: max. 500 W
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Tinoer With heating at filter end
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Y
mp A9 oaIIMI IMaveniiuAma (kg/hr)

LHV, fe  sanufeuvestihiufiwa ~ 42.80 Mi/ke
(Heywood et al., 1988)
LHVye A9 A1ANNToUTIMHTITUTA ~ 34.14 MU/kg
(@antudveazmalulad Uan., 2553)
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Y o { o o 4 I 4 a
ﬂ]iNﬁ 8 amazmimmmmumﬁmmum%mummm%mmmmm Case 1 ﬁ\i 5

Case 1 2 3 4 5
Engine Speed (rpm) 1,300 1,300 1,300 1,300 900
Lambda 1.3 1.3 1.1 1.3 1.3
Energy Ratio (%) 70 70 70 80 70
Exhaust Temperature (OC) 150 175 150 150 100
Mass flow rate (kg/hr) 27.5 32.5 22.2 27.4 15.8
Engine Power (kW) 1.61 3.37 1.52 1.38 0.4
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Case IMEP Emission CH, THC co NO,
(bar) Point (ppm) (ppmC) (ppm) (ppm)

1 1.65  After Engine 6,800 9,800 4,500 3
After PRE-CAT 6,300 9,800 4,500 6
After MAIN-CAT 6,800 9,800 4,500 5

2 2.2 After Engine 6,300 9,300 2,350 16
After PRE-CAT 6,300 9,300 1,950 16
After MAIN-CAT 6,300 9,300 1,810 16

3 1.5  After Engine 9,000 12,000 7,000 7
After PRE-CAT 9,000 12,000 7,000 3
After MAIN-CAT 9,000 12,000 7,000 2

4 1.6 After Engine 9,300 12,200 5,700 2
After PRE-CAT 9,300 12,200 5,700 2
After MAIN-CAT 9,300 12,200 5,700 1

5 1.3 After Engine 9,500 13,300 8,200 1
After PRE-CAT 9,500 13,300 8,200 0
After MAIN-CAT 9,500 13,300 8,200 0
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M319N 9 (A0)

Case Emission Cco, o, H,0 PM
Point (%vol) (%vol) (%vol) (mg/m3)
1 After Engine 5.58 12 8.48 0
After PRE-CAT 5.58 12 8.48 0
After MAIN-CAT 5.58 12 8.48 0
2 After Engine 6.52 11 8.44 0
After PRE-CAT 6.53 11 8.44 0
After MAIN-CAT 6.54 11 8.44 0
3 After Engine 6.39 10.5 8.42 0
After PRE-CAT 6.39 10.5 8.42 0
After MAIN-CAT 6.39 10.5 8.42 0
4 After Engine 5.59 12 8.48 0
After PRE-CAT 5.59 12 8.48 0
After MAIN-CAT 5.59 12 8.48 0
5 After Engine 4.94 12 8.48 0
After PRE-CAT 4.94 12 8.48 0
After MAIN-CAT 4.94 12 8.48 0

1 a i { 1 1 a
HNELTI Gluﬁ')uell’f]\‘iﬂiiﬂm PM ﬁlfﬂuWﬁi]1ﬂ§l'li1\1ﬁ 9 ’n"luﬁﬂ‘amm PM 210015 NAaDLQY

A g Y -dyd ' A dyd a Y
mwuwaaaﬂmiuaﬂymzugﬂumiw31 PM wwﬂumamamuuﬂammmuaa
A = [ A = £ a A 9 dyo' v {;
WINNNgUNUAToveuaAa 95U PM Adeeti@1nd Range 91gAUDY
2 a 4 a = . ~ @ J 9
Lﬂi@ﬂ?tﬂi?gﬁi\laquﬂlﬁﬂ Opacimeter 439 V]ilgf‘ﬂllTiﬂjﬂllagllﬁﬂﬂﬂ1ﬂ’ﬂﬂlﬂqﬂ
1 9 I @ [ 1 ] a A &
ﬁ\iwaiﬁNﬂﬂﬁ]ﬂﬂﬂlﬂlﬂﬂﬁﬂ'ﬂﬂ!%ﬂﬂﬂﬁ1’3 Lgaziuﬁaumaqﬂimm O, NAUUWAIN

aan

M3 9 Iudlerumsnlfaseriy PRE-CAT uag MAIN-CAT udanan Tuw

a A & o & oA A !

msnasunlasves o, e MiiukasonuduanyuzsUl 11PINIINT

c; 4 a 4 a ]

resolution A1gAVDUATOINATIZHUANWY 101F8 Horiba MEXA-7100DEGR 4]
~ 1 @ = A a dg} = 3 Y o Y

Weanononi1sianslasunlasiifavuiieudantios i1 IMisiukaoonul Iy

ANHAULAINAT



56

A o PR Aa A A &)
1NAITINN 9 Fﬂgﬁﬁlﬂﬂulﬂ'ﬂﬂﬁﬂ'lﬂl NO, Uag PM No9nu1910NIATogUAALIED

1w 1

dy a 1 d‘ 09)1 = =) d‘ 9 = [] 9 o 1
FOINaITINANU N U0 NNYT U NURNN Gluﬂ']ﬁ‘ﬂﬂﬁﬁ)\‘iﬁ]\‘]lliJhlﬂu']ﬂ']ﬂ\‘iﬂﬁTliﬂiﬂiJ

a d
AUATICH
o 1 A a 1 a J J
3.3 m3ldanaes lihmenugungil ledeneudunaa ladnnounesines

AN Y Y Y ] 1 A A & ti’ a = o °
mmn'lﬂﬂan"lﬂﬂnmum Eluclf'NVIL‘ﬂﬁﬂﬂﬂu@]ﬂl“ﬁal%ﬂlWﬁﬂﬁjuﬂﬂ'lﬁgﬂ']ﬁﬂ']\ﬂu@n

14 H
=

o a A o < a 4
umzﬁﬂﬁmmmwymmﬂ THC, CH, ttag CO ﬂ@ﬂﬂ@ﬂi]%ﬂuﬂﬁﬂmﬂu'lﬂnglﬁﬂﬁmﬂ

a

A A A L= dy a 1 09/' a Ao o 9
mwgu"l’amﬂmaﬂmﬂmiawuﬁm«mwmwaqnwﬁlummmmqmw@,mm m“lmmmmlla

) O

aneunedined hindoummulumsesnd ladesfivmaniulylg vennniinseond'lad
CH, #1va31391§A5en (@smsudenuazansunadiiy luuaaalafanounesines e
fatuldide lodolaumngiigaszina 400°C $1) (Moallemi er ar, 1999) 1ndoya
aenanlumsnaaesieldidenldliemaes Iihaieenguugiloidenowdn MAIN-CAT

a

10 100°C A30UIATOIBUA 900 rpm 11AZIA 150°C ATOVIATEIOUA 1,300 rpm l1)Againigil

QU

300°C, 350°C, 400 C nag 450 C toANYINANTZNUNNAINGUNYTUBINITIAAUYAT

poNFIAGU 11U MAIN-CAT )nnsaifns1

a [ o
YFunamslandsnuvesdnaes i (Electrical energy consumption) 14139

' lddeannisn 16 (Kaiser ez al., 1993)
Electrical energy consumption (kWh) =W x t (16)

Tas W Ao madldihvesdianmes (kw) =3 kw

y o )
t  ap namldnudnees i @ Tug)
) a d
4. HaNMINARRINIANSH

v o \J
5. damgiian



57

aouNNaZIZeZNAMMNTINY

=h.

1. a9

A o a @ o a a J a @ J
’ﬁﬂTL!‘V]@Hl,uuﬂ?iﬂ@‘ﬂ'liﬂi\?ﬂ'li')‘ﬂﬂ'luwu‘ﬁ ﬁ’f] UNIINVIAYNHATANITATLUAY

v Aw o v 9 [ g
antiuIdenazma lulag Yan. dunedanos 391Ia NIz UATATOYEH

2. 52821IA1N15NIVY

9
%

VAUAWA 1 U 2553

()M

{

©

)}

uge 31 $UNAN 2554



a d
Hatas v

= [ Y] L:'d 1 a d’ =S dy a 1
maany1adenimanenisaaliuia CH, 1nnToouadsayomasiinlag
A, o o 1 @ a 4 4 o 4
s lgamaos lihviauswiuuanaladnasunesines 1dmmualinsoavonlode
s §nse 2 @rneeynsuNUFIAITN Ao PRE-CAT Imihimuguvgiuazaailsuim
S v A A S 9 A =) =S = 1 A
THC uag CO 910 lotde §79 2 Ao MAIN-CAT UntinandSuia CH4 910 lorde saludmi 1
I )=} = A A Y o o 1 o a 4 o
Wunsaimsdneimansznudiotn anmes Wivinusmduuaaalanansunesinos
1 ~ I a AR ~ =i =1 Y] ~ =R ~ [l ~ I a
N 2 WumMsnasannsaianen 1 1Seumeununsaiansi 2 aun 3 1Wunsnasan
==y A ~ =1 o A KR ~ 1 ~ I a A R ~
AsAANEIN 1 1lSeuReununsalanyIN 3 a1uf 4 azdunsna1saInIAAnEIN 1
~ =1 [ AR ~ 1 ~ I A AR A =\ =1 [
WSeuNeunUATAAALIN 4 uazdIun 5 W UMINNTANTAANYIN 2 1Teuneun

= =
AIUANYIN 5

a A = Yy o | (Y] a J J
1. Wﬂ]ﬁﬂnNﬂﬂﬁ%ﬂﬂ!uﬂﬂﬂ‘l{l‘ﬁaﬂ!ﬂﬂﬁww17]1311»!5'Jllﬂll!!ﬂﬂﬂ‘l\’laﬂﬂﬂﬂun@ﬁ!ﬂﬂﬁ

[ csy I = A~ Y o [ o a 4 4
Tudwiwidlumsdnndelmsl¥anmes Iiwinus wiuuaem ladaneunesnes
I 2, Y b 4 . < Y ]
lunsossuaasaomasioy lasld case 1 Wuiiugiulumsnadon lanagouiisou
4 4 a { 4 4 o y
195098UA 1300 rpm, Lambda 1.3 tazguugil loideNioonainmiossua 150°C Tasdoyahnly

lumsnagovaztand 1A ua1snen 10



59

Y o { o [ 4 . g a
ﬂ1§1\1ﬁ 10 ﬁﬂ'l')$ﬂ15‘1/]'N'luLL‘]J‘]Jﬂ\1ﬁﬁWWiﬂLﬂ?@QUu@alcﬁaL%@!Wﬁﬁi’JiJSU’EN Case 1

Case 1
Engine Speed (rpm) 1,300
Lambda 1.3
Energy Ratio (%) 70
Exhaust Temperature (OC) 150
Mass flow rate (kg/hr) 27.5
Power (kW) 1.61
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M3 11 USamaiynIanndumiani1ag ved Case 1 Ha19niins l5auanmes wih

Case Temp. of Emission CH, THC CcoO
Electrical Heater Point (ppm) (ppmC) (ppm)
1 300°C After Engine 6,800 9,800 4,500
After PRE-CAT 6,800 9,800 4,500
After MAIN-CAT 2,190 3,660 40
350°C After Engine 6,800 9,800 4,500
After PRE-CAT 6,800 9,800 4,500
After MAIN-CAT 50 390 60
400°C After Engine 6,800 9,800 4,500
After PRE-CAT 6,800 9,800 4,500
After MAIN-CAT 50 350 50
450°C After Engine 6,800 9,800 4,500
After PRE-CAT 6,800 9,800 4,500
After MAIN-CAT 40 290 30
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MWHUINT N4 NINDY Transformer Hvviuilas Iihen 220v Ac §u 110v AC



113

MNNUINA N6 NINDY Analog to Digital Converter



MNWNUINA N7 NN AC Dynamometer
swazPEaMInNninves AC Dynamometer
Technical Features

- Full four-quadrant operation with high speed and torque dynamics
- Voltage intermediate circuit using IGBT technology

- Torque calculation with 4 kHz for air gap / 1 kHz for shaft.

- Optional zero torque simulation.

- Optional simulation of gear shifting oscillations in the drivetrain.
- Torque response time better than 3 ms

- Current harmonics < 4.5 %

- Power factor 1

- Grease lubrication for bearings; re-lubrication via nipples

Machine

114

Cradled AC dynamometer with a squirrel cage rotor, which is heat-shrunk onto the shaft

enabling high speed and low vibration.
Features:
- Construction design IM-B3

- Protection class IP 23
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- Forced air cooling

- Bearing temperature monitoring by PT100 on DE and NDE side

- Winding temperature monitoring by PTC resistors (warning and shut-off)

- Fan can be switched off for acoustic measurements; with automatic switch on at
winding temperature warning.

- Optical speed encoder with 1024 (4096 for some versions) pulses per resolution.

- Ambient temperature during operation: +5 to +40 °C

- Ambient relative humidity: max. 95 %, non-condensed

- Overload capability 25 % (1 min in 15 min)
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MWAHINA N8 NIND1Y AVL Fuel balance & Fuel temperature control

A151901INH N1 51892108AVD9IATOY AVL Fuel balance & Fuel temperature control

Vessel capacity:

1800 g

can be switched to 900 g/ 450 g/ 225 g

Systematic measurement uncertainty: Us=0.12 %
Maximum measurement frequency: 10 Hz

No. of measurements (average): 1..99
Ambient temperature: 5..50°C
Fuel temperature: -10...+70 °C
Fuel supply pressure to the system: 0.1 ...0.8 bar

Fuel supply flow:

max. consumption + 100 kg/h

Fuel circulation capacity at S0Hz:

standard 240 I/h, optional 450 I/h

Fuels:

Otto (EN228), Diesel (EN590), up to 6% Biodiesel

(EN14214) and 20% alcohol
With FlexFuel option: up to 100% alcohol and

biodiesel
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Pressure control (option):

feed pressure: ~0 ... 6 bar (rel.)
turn pressure: ~0 ... 0.5 bar (rel.)

special ranges available on request

Temperature control range:

adjustable from appr.10 °C* ... 80 © C**
* depending on cooling water temperature

** depending on heat return flow of the engine and

fuel

properties — gas bubble formation has to be avoided

Temperature stability:

better than 0.02 °C

Heating power (option):

1.6 kW

Cooling power:

1.6 kW at 10 °C spread and 0.5 bar cooling water

differential pressure

Interfaces AVL 733S:

RS232 (AK compliant) or 733/730 protocol
Analog 0 ... 10 V (optional)

Digital 1/0 (optional)

Interfaces AVL 753C:

2x RS232 (AK compliant)
Analog 0 ... 10 V (optional)

Digital I/0 (optional)

Power supply:

230V, 50 Hz
220V, 60 Hz (option)
100 V, 50-60 Hz (option)

115 V, 60 Hz (option)

Power consumption:

2.25 kW

Dimensions:

770 x 1350 x 345 mm (W x Hx D)

Weight (dry):

135 kg
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M3 1eHuINT 02 Jeyavounieslioaloideues HORIBA MEXA 7100 DEGR

Measurement CcO Co, NO/NO,
min max min max min max
Components
(ppm) (%vol.) (ppm) (%vol.) (ppm) (ppm)
Range 0-100 0-12 0-5000 0-20 0-10 0-10000
Principle NDIR NDIR CLD

Sample Line

One line for raw exhaust gas without dilution (direct measurement line)

Sample Gas Flow

Approximation 15 L/min

Response Time of

Analyzers T10-90

less than 0.9 s less than 0.8 s less than 0.9 s

within +1.5% FS (range

under 20 ppm), within

Noise within +1.0% FS within +1.0% FS
+1.0% FS (range over 20
ppm)
Measurement THC o, CH,
min max min max min max

Components

(ppmC) (ppmC) (%vol.) (%ovol.) (ppmC) (ppmC)
Range 0-10 0-50000 0-5 0-25 0-10 0-50000
Principle FID MPD FID

Sample Line

One line for raw exhaust gas without dilution (direct measurement line)

Sample Gas Flow

Approximation 15 L/min

Response Time of

Analyzers T10-90

less than 0.4 s less than 0.75 s less than 0.4 s

Noise

within +1.0% FS within +1.0% FS for zero within +1.0% FS
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Y o 4 J
ﬂ]ﬁ%‘]WH’Jﬂﬁ n3 %@M‘laﬂ'ﬁﬂ'lﬁ']um@\nﬂ?@\iﬂuﬁ Case 1 ﬁ\i 5

SOI EGR Throttle Air Fuel Balance = Gas Consumption
Case (CA) (%) (%) (kg/hr) (kg/hr) (kg/hr)
1 35/0 90 8 27.5 0.35 0.99
2 35/0 90 11 32.5 0.40 1.22
3 35/0 90 5.5 22.2 0.32 1.02
4 35/0 90 5.8 27.4 0.20 1.10

5 35/0 90 5.5 15.8 0.19 0.60
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= A A
ANaazanvadtyaLlnNay

S o a & A (a @ o s ° v Y '
Wuiudera (B2) daldSuadames lason lad 0.0283% Tasuda, fuzdutiesnin
3} 1 a I g a 4 o,
0.01% Tasuaa uaziidesndt 0.05% laslsuas gnlhiugemdsveuniossudama
dy a g’ v A I :’ = ~ Aa Aa o o w
IFDLNANTIN UINUALYD (B2) Lﬂuumumcﬁawgﬂwaﬁiﬂﬂuww lan. 3190 (WH1sU) Tay
o ] [ { Y vAa (4] a 31 @
MUETUN 1 wweu WA, 2551 uennniauauliaveINasIsumataz i uama (B2)

uaaa B luasi o Tasfimasssunadudeyannaariuidouazina Tulad Yan. Fui

=S

AunAsIYHINUADUND AT W.A. 2553 DadeuRUeNEY WA, 2554 uaziiaiudra (B2) 1y
anszuaaiminiudera (Bo) waz udya (BS) A1 LHV, H/C, SG 81494910
antivIdenazmalulas Uan. uonainil (A/F), tag H/C A1uiss Iag MW (Heywood, 1988)

9 Y ' Y, ~
I@ﬂﬂlﬁ)i&l’aﬂ\‘lﬂﬁ13ﬂ$l!ﬁﬂﬂllﬁslu¢]1§1\iwu')ﬂﬂ 4

v v
A 2 a o w
MINWHINT Al iwaax@aﬂﬂiuauummmcﬁ‘ﬁﬁmG]ﬂmmzumu?ma (B2)

ITEM Natural Gas Diesel (B2) Unit
LHV 34.14 42.8 Ml/kg
MW 22.198 170 kg/kmole
(A/F), 11.711 14.5 -
H/C 3.24348 1.8 -
o/C 0.25589 = -
N/C 0.03533 - 2

SG 0.77 0.83 -

131 Heywood (1988) uazaauddeuazing 1ulad Uan. (2553)
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Property Test Method Specific Value Result
Appearance Visual Pass Pass
Ash, Mass% ASTM D482-03 0.01 max. <0.01
Carbon Residue on 10%, Distillation
ASTM D4530-07 0.05 max. <0.05
Residue, Micro Method, % (m/m)
ASTM D976-04b
Calculated Cetane Index or Cetane
or 47 min. 56.5
Number
ASTM D613-01
Color, ASTM ASTM D1500-04a 2.0 max. L0.5
Corrosion ASTM D130-04
Corrosion, Copper Strip 3 hr. at 50
. 1 max. la
C, number
Density at 15 °C, g/mL ASTM D4052-96
0.81-0.87 0.8325
(Reapproved 2002)
Distillation : ASTM D86-01
10 % Recovered, °C To be reported 214.6
50 % Recovered, °C To be reported 284.0
90 % Recovered, °C 357 max. 355.1
Flash Point, PMCC, °C ASTM D93-07 60 min. 73.0
Lubricity by HFRR, mm CEC F-06-A-96 460 max. > 460
Pour Point, °C ASTM D97-96a or 9 max.
Pour Point, °C ASTM D5950-02 9 max. 0
Sulfur Content, Mass % ASTM D4294-03 0.035 max. 0.0283
Viscosity, Kinematic at 40 °C, cSt (mmz/s) ASTM D445-06 or 1.8-4.1
Viscosity, Kinematic at 40 °C, cSt (mmz/s) NIR 1.8-4.3 3.4018
Water & Sediment, vol. % ASTM D2709-96 0.05 max. <0.05
Methyl Ester of Fatty Acid, Vol. % EN 14078-03 1.5-2 Not Tested

131: PTT Aromatics and Refining Public Company Limited Certificate of Quality
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Tugrumsiieudasiaiums lgnasnuveadnmes llidondiaunesnuian
A =) dy a 9 o 1 [ =S o .
AT DIBUAATAFDINAITIV T1150¥1 1M T IR NI UveIFaes 1l (Electrical
1 Y] H 4 . 1 a 1
energy consumption) AIMUAIINEINUNONNINNATOIIUAALYALHDINGITIN (Engine Power)
FaauNMIMANUINT 91 Tagnauoamamiuiuluuaas Case MINAADIILUAA IAIAIAITI

A
WHINN 31

Electrical energy consumption (kWh)

Engine Power (kW)xTime (Hours) S

Taof  Electrical energy consumption WIINMIAUIUVOIAUNITN 16
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Case Temperature of Electrical Heater
300°C 350°C 400°C 450°C
Case 1 0.7707 0.95 1.2458 1.5041
Case 2 0.3683 0.5025 0.62726 0.7437
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NANUHIN D

Space velocity
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(Space velocity) 1AL IANNANMITAANUING D1 (Heck and Farrauto, 2002) tiag

= 1

v Y v Y
IdnadansrananuiIni a1 Taesa1uideiiozan Space velocity 1M1z MAIN-CAT 1411114

U

. 1 Volume flowrate of exhaust
Space velocity (—) = ! ! @1
hr Volume of catalyst

o A e o &4 /s 3
Taeh  Volume flowrate of exhaust A0 U3uasvedlodenosnnannTsaeud (m /hr)
NATNMNANUING N3
A a a J 4 3
Volume of catalyst Ao 1Usasveananlananeunesines (m")

=~ 0.0034 m’

M9 UINT a1 LEAI Space velocity YOIUADE Case NTNANDY

Case Temperature of Electrical Heater
300°C 350°C 400°C 450°C
Case 1 12,793 13,909 15,025 16,141
Case 2 15,075 16,390 17,705 19,020
Case 3 10,453 11,365 12,276 13,188
Case 4 N/A 13,779 14,884 N/A

Case 5 7,465 8,116 8,767 N/A
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