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Diesel dual-fuel (DDF) operation is a promising alternative engine operating mode.
DDF combustion can achieve lower PM and NOx emissions compared to conventional diesel
engine operations. However, DDF engine operations suffer from high HC (mainly CH4)

emissions and poor engine operating stability, especially under low load conditions.

In the current study, Toyota 2KD-FTV a four-cylinder turbocharged diesel engine has
been converted into a dual-fuel engine operating under premixed natural gas and common-rail
direct diesel injections. Experiments were performed to investigate use of different exhaust
valve timings for improvement of low-load DDF operation. For all engine conditions, run at

engine speeds of 1900 and 2400 rpm.

Results showed that different exhaust valve timings changed the fractions of EGR and
the charge temperature. Advancing the exhaust valve timing was most beneficial for low-load
DDF operations. Under these operations, HC and CO were significantly reduced. As the engine
load increased, the exhaust timing advance might lead to excessive combustion rates and high

NOx emissions.
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3.3 High Temperature Oxidation
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[ Exhaust valve(s) [] Intake valve(s) [] Overlap phase Internal EGR supply phase

Exhaust gas re-breathing Early exhaust gas re-breathing Late exhaust gas re-breathing
into intake ports from exhaust port from exhaust port
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Detail Value
# Cylinders 4 cylinders, inline
Manifold Cross-flow with turbocharger
Displaced volume 2,494 cc
Stroke 93.8 mm
Bore 92 mm
Connecting rod 158.5 mm
Compression ratio 18.5:1
Fuel system Common-rail injection (diesel)
# Injector holes 6 holes per 1 diesel injector
Number of valves 16 valves (DOHC)
Exhaust valve open 30° bBDC (+150° after firing TDC)
Exhaust valve close 0° bTDC (+360° after firing TDC)
Inlet valve open 2° bTDC (+358° after firing TDC)
Inlet valve close 31° aBDC (~149° after firing TDC)
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1. Exhaust gas dilution system

aunsaliiaziaTeaiioTalerduves HORIBA MEXA 7100 DEGR uand13fannd 23
(eusaiannlodelagnsarsouny CVS-diluted 910 1o1d8) L?Juqﬂﬂmfuazm%aﬁa‘iﬂﬁ
mizanlumsiauaiyndnuosloidonnintesoudamaiomass s $4l NOx CO THC
uag CH, Wiesnnansnialding THC, O, CO,, 0,, NO/ NOx, HC, N,0, SO,, CH,, 1az

EGR-CO, Tnos10azidenvounsosiananbuans 13 luaisien 3
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lu‘

MW 23 uaasginssiuaziniesiioia loideuss HORIBA MEXA 7100DEGR 1822495904

@18 Sampling Line

#301: Horiba (2011)
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M50 3 510az18eAv099nTailaznTeile Taloidouod HORIBA MEXA 7100 DEGR

Measurement Cco Co, NO/NOx
Components min (ppm) max (%vol.) min (ppm) max (%vol.) min (ppm) max (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 0, CH4
min max min max min max
Components

(ppmC) (ppmC) (Yovol.) (Y%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

ess than 0.75 s

less than 0.4 s

Noise

within +1.0% FS

within +1.0% FS for

Z€ro

within +1.0% FS

. . Y o Y J 4 4
Nondispersive Infrared analyzer (NDIR) l¥d115uianiaisuou'lasen laq (CO,)

[

4 4 9 [ P aAa A
HATAISUDUNBUDN LA (CO) l¥nann15N1 Sed@ounsusa (Infrared) ﬂggﬂ@ﬂﬂauiﬂﬂﬁﬁ

9 1 1]
mwuﬂﬂuulﬁ'”lmmﬂu ﬂ\iuu’fﬂ‘iGIN“]fuﬂﬂui]g@jﬂﬂﬁuiﬂ%@uﬂiniﬂﬁﬂ’ﬂhEJTJﬂa‘L!G]Nﬂ‘L!
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Flame Ionization Detector (FID) nJumimaJa’mmmmeumaﬂaimmmauﬂ

1 % =) Q( % 4

&9 1itp'1n5d (Unburned hydrocarbon) Tagldnanniswlalasmunsgninueina wadldan
k) =~ v 9 19 A o 9 = < 9 Y
1dvziimsuandatioonn uachii luanavesla Tasmsvousaudn liisuantios nsuanea

A 2 ' X < o 1 v o 4
ﬂglwuﬁu@ﬂWQﬂﬁ1ﬁ1a %Qﬁ]glﬂuﬁﬂﬁjuﬂ'Uﬂ’lu’JUﬂ1§'Uﬂu@$@]’ﬂﬁJ1u1Nmea

. . I A a 4 9 o
Chemiluminescent analyzer (CLA) SV e NEIGER R NO, Tagl¥nsannnuay
Y ., . I o W A a aan = . . . A
taz 14 Silicon photo diode 1 UAIIULAINIAAIINYRNTEUAN (Chemiluminescent reaction) 1D
@ a 4 dy a aAan = 1 %
as1938 luasnoenloa (NO) vuNugIuveImsalfnsoualiszna1e NO nu Te Teu (0,)
o a 4 a A a 3
e luTasnueenlad (N0, tageondau (0,) Uszanm 10% vosTluana NO, Itnadu
2 \ A o _ 4 A . s
ATIINALOYIUANIZAUAT (Excited state) F39z1)asuniogluaninziades (Ground state)
[ ~ 9 A A dy < % 1 [ =Y
Tagmsiasauasoanu Fennuanvewasnnavusiludadiulagasinudsuiauves NO
] Y 9
naainaTutignas19ialag Photo diode d1M5TVNITHIAINO, ZMUOUNDNITHIAL NO
1 @ = 1 d'm) o [l 1 9 9 a aan [ é
uanannuiigsnouinadre1saziud 1 ludeanal§nser azrululu Converter &9

NO, azgaulaowilu No

a { o y 4 1
aswanenn leden laanmshauve uasessua DDF 92gnaar1uegn Heated
filter 1182 Heated line N5n119uvgd 139 190 °C iivennoynna1e uazilosnulodengadn

g‘/ v 3 ac’
AUl urgal
2. Particular matter measurement

. I 4 4 @ a @ [l

Opacimeter 439 1Huginsaluaziniosiiotanaiboynin IagianNUHUILLUYD

A, X = a o o J
LLﬁQﬁﬁJ’J%ﬂWi"UfJQ Beer-Lambert %Qﬁﬂﬂiﬂ?ﬂﬂ'iiﬂﬂlsll’f)\iMaWHﬂHﬂWﬂIﬂﬂi%}ﬂQWNﬁMWH‘E

Y
V09 Opacity 11ag FSN [AVL (2005)] Uon91n Opacimeter 439 tvanzaulumsiauansy
= A = AB’ a A [ 9/3’;

’E]Hﬂ1ﬂ"’Uﬂﬂulﬂlﬁﬂ‘ﬂ"lﬂmﬁ@\‘]ﬂl‘!ﬂﬂlcﬁaL“If’é]!fWﬁ\‘li')iJ Lu@ﬁ%WﬂfﬂNTﬁﬂ?ﬂqﬂﬂﬂ Black smoke (C),

Blue smoke (HC) 112 White smoke (H,0) 18 uaaslidanini 24
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Tube 10x 1 flow
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HNNN 24 Llﬁﬂ\‘lﬂﬁﬁﬂﬁﬂﬂ‘ﬂﬂnlf]Lﬁ’fJGUENQ‘]Jﬂiﬂumztﬂi@ﬁwﬂ’m‘u@ﬂ Opacimeter 439

f3: AVL (2011)
d o K 1 (Y] 4 Y
qﬂn5tmmmmmmﬂumﬂuﬂmmﬂﬁu (Pressure Measurement Apparatus)

Jdo o v { a 2 .

Qﬂﬂim’mmgmmmswyummmm%m‘im (Angle encoder) HARNIINUIYN Kistler

eXa gy A A4 A y A & v o @ !
Model 2614A Qﬂﬂiﬂ!ﬂﬂﬁﬂ?“ﬂﬁm‘mﬂﬁma’EJL!TIGU’ENL‘WE]1%6!1438%1/!6141?1’31%ﬁ?JW“L!‘ﬁi%‘I’T’JN

[ Y 9 v ' aA o ' 9/ a
ﬂ’J”IiJﬂHﬂRJiH‘Vi’ENLNﬂ‘H?JLl,a%ﬂ’313Jﬂ‘Ll1‘111‘1/1’EJ]l’ﬂﬂ‘ﬂGﬂLL‘ViHQENﬂ”IﬂﬁWHHﬂI@QHNL‘Wﬁ”IGU’EJL‘VI’JEN

1 1 9 ] 1 =2 c(dy 9 @ - 8 2 g
A199 ¥29m3 1591108 11923 0 83 20000 rpm gUnTAIUIL 139N Pulse multiplier @13/

d a @ do o 1 { a a o

gunsains ndynuuesgUnsal IadnMiuInT YUY UNA I BINIY WAAIINUTEN Kistler

Model Type 2614A4 Aouizdadyanaiiinnuazideana 3600x0.1 Tdsgilnsalinudoya

(High speed data acquisition)

J v @ Y 9 J . .
Qﬂﬂiﬂllﬂﬂ’ﬂﬂﬂﬂﬂWfJGl,u‘ViENLm]’l‘ViZJLL‘]JiJﬂ’J’E]VIC]f (Quartz piezoelectric pressure
x 1 4 ) 4 { 1
transducer) #99z 9101529 1o nuulelinsinszhuunanatend 1Uszgiiasseonuinzil
M3u1l5AIAINITINTZ KAAIINUSEN Kistler Type 6061B 39n13 19911081529 0 — 250

bar linearity < & 0.5% Full Scale Span Lmzqﬂﬂiﬂi’@iﬂW’N BNC pos.-Microdot 10-32 neg

gunsalvenodaya e 19#h (Charge amplifier) 1w 1¥5mrugnsaiianusau
Y Y Jd A a . 1 1%
moludesn Induuunrend HaaINUTEN Kistler Model 5011 52911n153a £ 10 - 999,000

pC AN 1F9U 1 Hz - 200 kHz a5 19dayaa 1A 8-Stage Low Pass Filter #111501800A1 Time
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constants 18 3 A1 gUnTsivensdayaa Iihilflivdthasulszy lwihongdnsal fannuedu

o9

[ I 4 4
meluroum vl udnlasuazveeduaiaeenduusuaaou i vuia 010 Traniie

Dyl

Y @ J 3 9 . e
dednyaym ldsgunsainudoya (High speed data acquisition)

o 1

s < ° Ao &
gilnsalinutoya (High speed data acquisition) simifvanudoyadyama1ee uag
a 4 9 A P 1 9 [ a Aa o
AnTzinamswn IdnmsnaaeuinTeseuanan1za1eg lndeunu nananuTEv
I S <3
DEWETRON Model DEWE-52 PCI-3216 1ilugilnsaiinu4oya (High speed data acquisition)
v ° [ (% ] Y] [ gl.:
F9v191u32w7 D T15un 50 Dewesoft 1I035%U 6.6.5 @115 U YY1 IANUUD Charge 1Az
1 N a 4 (%
HUY Analog Tugae £ 10V Taedeyafidiunsinsiznaesllsunsuilsznoudaie anuau
D) 9 o 1 A a o v 9 .
gagaluioun 1ngd (Peak pressure), funiisiinaanuaugeganiuluiean Inil (Location
@ A o v Y E) =
of peak pressure), oATIMTAsUaIANUAUTUTo UM InTTApBsrNaIToIMIsIg e
(Maximum rate of pressure rise), ANUAUTINAINAEY (Mean effective pressure), ANU 10%,
Y
50% 1AL 90% Yoo IMstlantlasendinunnuouvealeINad (Crank angle locations
with 10%, 50% and 90% of total apparent heat release (CA10, CA50, and CA90)) Tagnl1lag
a Y Y o o o 1 o 9
Henumawn Tnal lJuda 50% dre CAS0 113U 10% veasasimsianlasendanuanuien
a I A [ LY [
wienniugasudunismlugd (Start of combustion, SOC) @auaA1eaINIsaniaos
) ] a I [ A 2
WAMUANNS O UTENIN 10% - 90% T Henuiuseszeznalsudunaz duganszuiums

i Tviad (Combustion duration, B1090)
o a d
HUVDIADININADHUNIAND I

3 1dvnsad e us19e4u0Uns 09Ud TOYOTA 2KD-FTV Tasld
Tusunsu AVL BOOST #415un15§1809n32021mM 511910003 090ud 1150051 AVL
BOOST 141&14n155180911111 Steady-state 1182 Transient M3 UTIAT12HAITIAUIUT01
HALATEMTINNNAIY YO UAT 96U UNIINY T1TUNTNAINNTOIATIZN Dynamics of

[ I
pressure, Mass flow 1101& Energy losses 14 Ducts, Plenum, Mufflers {asNo7 w'led leide Wudu
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M3 N 4 Llﬁ@\iﬂmﬁuﬂﬁuag@\iﬂﬂigﬂﬂﬂu’llluﬂl;c]fa (B2)

Detail Value
Lower heating value, MJ/kg 42.8
Stoichiometric A/F 14.5
Specific gravity 0.83
MW, kg/kmole 170
C (calculated) 12.30
H (calculated) 22.13
Cetane number (average) 55

Y A 4 %) a
ﬂ1§1\‘iﬁ 5 Llﬁﬂ\?ﬂﬂ!ﬁiJ‘UG]LLﬁZ@Qﬂﬂi%ﬂﬂUﬂT“ﬁ‘ﬁﬁﬁNﬂﬂ@

Detail Value
Lower heating value, MJ/kg 34.14
Stoichiometric A/F 11.71
Specific gravity 0.77
MW, kg/kmole 22.20
Methane, % by mole 74.89
Ethane, % by mole 5.57
Propane, % by mole 2.10
n-Butane, % by mole 0.39
i-Butane, % by mole 0.48
n-Pentane, % by mole 0.06
i-Pentane, % by mole 0.12
Larger hydrocarbons (> C6), % by mole 0.12
CO,, % by mole 14.30

N,, % by mole 1.97
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Engine conditions
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Detail Value
Engine speed (rpm) 1900 and 2400
IMEPn (bar) 2,3 and 4
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Detail Value
Engine speed (rpm) 1900 and 2400
IMEPn (bar) 2,3 and 4
Coolant temperature (°C) 85
Intake temperature (°C) 30
Rail pressure (MPa) Depends on the conditions
Energy ratio (%) 70
Exhaust valve timing advance (°CA) Standard, Adv 19° and Adv 38°
Lambda 1.6
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Engine model
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2. Combustion model
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1. DYNOEXACT APA TOP ACCURACY AC DYNAMOMETERS

MWAUINA N1 NND1Y AC Dynamometer

31: AVL (2011)

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

Cradled AC dynamometer with a squirrel cage rotor, which is heat-shrunk onto the shaft enabling
high speed and low vibration.

Features:
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* Construction design IM-B3

* Protection class IP 23

* 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)

2. AVL FUEL BALANCE & FUEL TEMPERATURE CONTROL

v

MWAHINA 2 7IND18 AVL Fuel balance & Fuel temperature control

f3: AVL (2011)
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M51901INH N1 51892108AVDUATBY 733S ua 753C

Detail

Value

Vessel capacity:

Systematic measurement uncertainty:

Maximum measurement frequency:

No. of measurements (running average):

Ambient temperature:

Fuel temperature:

Fuel supply pressure to the system:
Fuel supply flow:

Fuel circulation capacity at S0Hz:

Fuels:

Pressure control (option):

Temperature control range:

Temperature stability:
Heating power (option):

Cooling power:

1800 g

can be switched to 900 g/ 450 g/ 225 ¢
Us=0.12%

10 Hz

1..99

5..50°C

-10...+70 °C

0.1 ... 0.8 bar

max. consumption + 100 kg/h

standard 240 1/h, optional 450 1/h

Otto (EN228), Diesel (EN590), up to 6% Biodiesel
(EN14214) and 20% alcohol

With FlexFuel option: up to 100% alcohol and
biodiesel

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

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

special ranges available on request

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

better than 0.02 °C

1.6 kW

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

differential pressure
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Detail Value
Interfaces AVL 733S: RS232 (AK compliant) or 733/730 protocol
Analog 0 ... 10 V (optional)
Digital I/0 (optional)
Interfaces AVL 753C: 2x RS232 (AK compliant)

Power supply:

Power consumption:
Dimensions:

Weight (dry):

Analog 0 ... 10 V (optional)
Digital I/0 (optional)

230 V, 50 Hz

220V, 60 Hz (option)

100 V, 50-60 Hz (option)

115V, 60 Hz (option)

2.25 kW

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

135 kg

v Y
MINHUING N2 T1PaZIDIAAUANLAVINITNATDULTOING

Property Test Method Specific Value Result
Appearance Visual Pass Pass
Ash, Mass% ASTM D482-03 0.01 max. <0.01
Carbon Residue on 10%,

ASTM D4530-07 0.05 max. <0.05

Distillation
Residue, Micro Method, % (m/m)
Calculated Cetane Index or ASTM D976-04b or 47 min. 56.5
Cetane Number ASTM D613-01
Color, ASTM ASTM D1500-04a 2.0 max. LO0.5
Corrosion ASTM D130-04
Corrosion, Copper Strip 3 hr. at 50 1 max. la
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Property Test Method Specific Value Result
0C, 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 ASTM D445-06 or 1.8-4.1
Viscosity, Kinematic at 40 °C, cSt NIR 1.8-4.3 3.4018
Water & Sediment, vol. % ASTM D2709-96 0.05 max. <0.05
Not
Methyl Ester of Fatty Acid, Vol. % EN 14078-03 1.5-2
Tested

1311: PTT Aromatics and Refining Public Company Limited Certificate of Quality (2010)
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1. Combustion Process

b ¢
CHON,+| at——~- (02 +3.773N2)
C 4 2

b d b ¢
—)aC02+—H20+ —+3773| at+——— N2
2 2 4 2
2. Air/Fuel Ratio Stoich

(a+b/4 — /2)(31.998+3.773-28.16)

(7:).=

12.011a+1.008b +15.999¢ +14.006d

3. Exhaust Air-Fuel Ratio

MW 1
( Iy ) - air X
F exhaust H THC

Mw. +mw x| —| CO,%+——+CO0%
¢ \ ¢ 10000

3.8XC0, % —2XC0%

THC H
X4982—(0.5XCO%)———+0.25X| — X(CO%+C02%)><

10000 Cc 3.8XC0O,%+2XC0%

4. Combustion Efficiency

1_yCO .QHV,CO +yH2 .QHV,H2 +yHC 'LHVC3H3y

ncomb - X 100

m
M LHY

fuel

mfuel + muir



153

5. Inlet Equivalence Ratio

_ Stoich‘%,

A
Inlet A.

6. Energy Ratio

(%)
(%)) ot

7. Calculation of Mass Fractions

EN%=

(CO) = carbon monoxide, [vol %]
(C0O2) = carbon dioxide, [vol %]
(NOx) = nitrogen oxides, [vol %]

(THC) = total hydrocarbons, [ppmC1]

THC
C.H, =—— = HC[vol %]
3-10000

Calculate H20 concentration from water-gas equilibrium:

N = Carbon Counter =
CO-I-CO2 +3'C3H3V

y = H/C ratio
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(concentration i _ppm)

xl, —
1000000
Yo Yeo
K =
eq
Y, o,
. 2’”02
Nitrogen Balance: '3.773—np '(xNO +2°xN2)
2:n,,
Oxygen Balance: 393 =n, '(xco +20x,,, T2'x,, tx, +xH20)
Carbon Balance: n=n - xCO+xCO2+3'xHC)
Hydrogen Balance: mznp'(b'ch+2'tzo+2°tz)

8. Volumetric efficiency

Air[g/min]

v [cnf]-lo"’ 'Speed|:rev min:|'101.325°1000°MWw(28.95)|:g/mol]

D

Vol.eff =

2+(273.15+ Temp,, [C])'R(8.314)|:J/molK:|

9. Break Power

2 pi 'Speed[rpm] ‘T, [Nm]

60|:s/min:|'1000|:W/kW:|

pLiw]=
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10. Break BMEP

T [Nm]-4- pi-10°

BMEP[ KPa]=
v, [cm3]'1000|:Pa KPa:I

11. IndicateTorque

IMEP[bar] ‘10’ |:Pa bar:| v, [cm3 ]'lO_6 |:m3/cm3]

4- pi

Torque, [ Nm ] =

12. Indicate Power

IMEP[bar] 10’ |:Pa bari| v [cm3 ] SN |:m3/cm3 ] o 'Speed[rpm]

60+4-1000

Power [kW] =

13. LHYV (Diesel dual Fuel)

thy,,, =L1av, -, +1av, -(1—v,)

DDF

14. Indicated specific fuel consumption

g (NG+Diesel)|:g/min:|'60|:min hr:l
ISFC =
kW —hr

Ind.Power[kW]

15. Indicated Thermal Efficency

3600 -100

g
ISFC[}'LHVDDF |:MJ/ kg:l
kW — hr

Ind .Thermal .eff [%] =
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16. Brake specific fuel consumption

BSFC|: ] }— (nG +Diesel)[g/min]'36oo[s/hr]

kW — hr 60|:s/min:|Break.Power[kW]

17. Break Thermal eff

3600-100

g
BSFC|ij| LHV, |:MJ/ kg:l
kW —hr

Break.Thermal.eﬁ[%] =
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1. laalilsunsumuam Gamma

Const pi=3.1415926

Sub CalGamma(ns, ne, gamma)

'Cal gamma compression

suml =0

sum2 =0

Forn=-30To 30
logVC1 = Sheet2.Cells(ns + n, 3)
logPC1 = Sheet2.Cells(ns + n, 5)
logVC2 = Sheet2.Cells(ne + n, 3)
logPC2 = Sheet2.Cells(ne + n, 5)
suml = sum1 + (logPC2 - logPC1) / (logVC2 - logVCl1)

Next n

gamma = -suml / 61

'If gamma > 1.4 Then gamma =1.4

End Sub
2. TAalisunsumiuanm Filter vaznszuiumsnugrumealutiousnlvg

Private Sub btnCalLog_Click()
'Fori=1To 7200
Fori=1 To 3600
Sheet7.Cells(i, 1) = Log(V(i))
Sheet7.Cells(i, j + 1) = Log(Sheet3.Cells(i, j + 1))
Next i

End Sub

Private Sub btnCalAll Click()
Call btnFilter Click

Call btnCalRef Click
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Call btnHRR_Click
Call btnIMEP_Click
Call btnIMEPg_Click

End Sub

Private Sub btnCalRef Click()

Dim  Area, V, V¢, Vd, a, Conrod, Rc, Bore, R As Double
a = Sheet1.Cells(2, 2)

Conrod = Sheet1.Cells(3, 2)

Bore = Sheet1.Cells(4, 2)

Rc = Sheet1.Cells(5, 2)

R =Conrod/a

'Ca Vmax
Area=0.25 * pi * Bore " 2
Vd=2*a* Area

Sheet1.Cells(6, 2) = Vd

'Cal V¢
Ve=Vd/(Rc-1)

Sheet1.Cells(7, 2) = Vc

Fori=1 To 3600
'CA=1*0.1*(pi/ 180)
CA=1i*0.2*(pi/ 180)
V=1+0.5%*(Rc-1)*(R+1-Cos(CA)-(R"2-(Sin(CA))*2)"0.5)
V=V*Vc
'Sheet2.Cells(i+1,1)=1* 0.1
Sheet2.Cells(i +1, 1) =1%*0.2
Sheet2.Cells(i+1,2)=V

Sheet2.Cells(i + 1, 4) = Sheet5.Cells(i + 1, 3)



Next 1

'Cal compression gamma

suml =0

sum2 =0

'ns = 3000

'ne = 3500

ns = 1500

ne = 1750

Fori=-3To 3
suml = suml + Sheet2.Cells(ns + 1, 3)
sum?2 = sum?2 + Sheet2.Cells(ns + 1, 5)

Next i

logVC1 =suml /7

logPC1 =sum2/7

suml =0
sum2 =0
Fori=-3To 3

suml = sum! + Sheet2.Cells(ne + i, 3)
sum?2 = sum? + Sheet2.Cells(ne + 1, 5)
Next 1
logVC2 =suml /7

logPC2 =sum2 /7

GammaC = -(logPC2 - logPC1) / (logVC2 - logVC1)

Sheet1.Cells(9, 2) = GammaC
'Cal expansion gamma
suml =0

sum2 =0
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'ns = 4000

'ne = 4400

ns = 2000

ne = 2200

Fori=-3To 3
suml = suml + Sheet2.Cells(ns + 1, 3)
sum?2 = sum? + Sheet2.Cells(ns + 1, 5)

Next i

logVC1 =suml /7

logPC1 =sum2/7

suml =0
sum2 =0
Fori=-3To 3

suml = sum! + Sheet2.Cells(ne + 1, 3)
sum?2 = sum? + Sheet2.Cells(ne + 1, 5)
Next i1
logVC2 =suml /7

logPC2 =sum2 /7

GammaE = -(logPC2 - 1ogPC1) / (logVC2 - logVC1)

Sheet1.Cells(10, 2) = GammaE

End Sub
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Private Sub btnFilter Click()
'Dim AA(7300), BB(7300), YY(7300)

Dim AA(4000), BB(4000), YY(4000)

'********FT ﬁlter***********

NN =160

'Nump = 7200
Nump = 3600
Forj=2To2

YYY=0
Forii=2 To Nump + 1
YYY =YYY + Sheet5.Cells(ii, j) * 2 * pi / Nump

Next i

AA0)=YYY/2/pi
BB(0)=0
Forjj=1To NN
AA(j =0
BB(jj) = 0
Forii =2 To Nump + 1
YYY = Sheet5.Cells(ii, j) * 2 * pi / Nump
"MsgBox (YYY)
AAG)) = AAG)) + YYY * Cos(jj * ii * 2 * pi / Nump)
BB(jj) =BB(j) + YYY * Sin(jj * ii * 2 * pi / Nump)
Next ii
AA(jj) = AA()) / pi
BB(jj) = BB(jj) / pi

Next  jj

'******Filtered Output*********

Forii =2 To Nump + 1
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YY(ii) = AA(0)
Forjj=1To NN
YY(ii) = YY(ii) + AA(j) * Cos(jj * ii * 2 * pi / Nump) + BB(jj) * Sin(jj
* i * 2 * pi / Nump)

Next jj

'Furier
Sheets.Cells(ii, j + 1) = YY(ii)
Next il

Vkkkk kR ET filter end*********

Next j
End Sub

3. TaaldsunsusmnnamonsinmsdaatassnasnuanuFeumeluvioasn vl

Private Sub btnHRR Click()

Dim Vo0, V1, V2, Po,P1,P2,dV, dP, dQ, Qsum, Qtotal, CA10, CA50, CA90, CA1090,
CAQMax, Qmax, Pmax, CAPmax, dPmax, CAdPMax, GammaC, GammaE

Qsum =0

Qmax =0

Sheet4.Cells(k, 1) = "CA"
Sheet4.Cells(k, 2) = "dQ"
Sheet4.Cells(k, 3) = "Qsum"
Sheet4.Cells(k, 4) = "dP"
Sheet4.Cells(k, 5) = "Gamma"
'Cal gamma compression
'Call CalGamma(3000, 3300, gamma)

'GammaC = gamma



'Call CalGamma(4000, 4400, gamma)

GammaE = gamma

'For 1= 3300 To 4200
Fori=1650 To 2100
k=k+1
V0 = Sheet2.Cells(i - 1, 2)
V1 = Sheet2.Cells(i, 2)
V2 = Sheet2.Cells(i + 1, 2)
dv=(V2-V1)/2+(V1-V0)/2
P0 = 100000 * Sheet5.Cells(i - 1, j)
P1=100000 * Sheet5.Cells(i, j)
P2 =100000 * Sheet5.Cells(i + 1, j)

dP=(P2-P1)/2+(P1-P0)/2

'If i <4000 Then
If1 <2000 Then

gamma = GammaC
Else

gamma = GammaE
End If
gamma = 1.33

'Call CalGamma(i - 10, i + 10, gamma)

cl = gamma/ (gamma - 1)

c2=1/(gamma- 1)

'dQ=10*(c1 *P1 *dV +¢2 * V1 * dP)
dQ=5*(cl *P1 *dV +c2* V1 *dP)

'Qsum = Qsum + dQ * 0.1
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Qsum = Qsum + dQ * 0.2

'find Qmax,CAQmax

If (Abs(Qsum) > Qmax) Then
Qmax = Qsum
'CAQMax =1 * 0.1
CAQMax =1*0.2

End If

'find Pmax,CAPmax
If (P2 / 100000# > Pmax) Then
Pmax = P2/ 100000#
'CAPmax =1 * 0.1
CAPmax =1%* 0.2

End If

'find dPmax,CAdPmax
'dP=dP * 10
dP=dP*5
If (dP / 100000# > dPmax) Then
dPmax = dP / 100000#
'CAdPMax =1 * 0.1
CAdPMax =1i* 0.2

End If

'Sheet4.Cells(k, 1) =1 * 0.1
Sheet4.Cells(k, 1) =1* 0.2

Sheet4.Cells(k, 2) = dQ



Sheet4.Cells(k, 3) = Qsum
Sheet4.Cells(k, 4) = dP
Sheet4.Cells(k, 5) = gamma
'Sheet9.Cells(i - 2998,j + 1) =dV

Next i

Qtotal = Qsum

Qsum =0

CA10=1000

CA50=1000

CA90=1000

CA1090=1000

k=1

'For i= 3300 To 4200

Fori=1650 To 2100
k=k+1
dQ = Sheet4.Cells(k, 2)

'Qsum = Qsum + dQ * 0.1

Qsum = Qsum + dQ * 0.2
'If (Qsum / Qmax >= 0.1) And CA10 = 1000 Then CA10 =1 * 0.1
'Tf (Qsum / Qmax >= 0.5) And CA50 = 1000 Then CA50 =i * 0.1
'If (Qsum / Qmax >= 0.9) And CA90 = 1000 Then CA90 =i * 0.1
If (Qsum / Qmax >= 0.1) And CA10 = 1000 Then CA10 =1 * 0.2
If (Qsum / Qmax >= 0.5) And CA50 = 1000 Then CA50 =1 * 0.2
If (Qsum / Qmax >= 0.9) And CA90 = 1000 Then CA90 =1 * 0.2

Next 1

CA1090 = CA90 - CA10
Sheet6.Cells(1, 8) ="CA10"

Sheet6.Cells(1, 9) ="CA50"
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Sheet6.Cells(1, 10) ="CA90"
Sheet6.Cells(1, 11) ="CA1090"
Sheet6.Cells(1, 12) = "Qtotal"
Sheet6.Cells(1, 13) = "CAQMax"
Sheet6.Cells(1, 14) = "QMax"
Sheet6.Cells(1, 15) = "CAPMax"
Sheet6.Cells(1, 16) = "PMax"
Sheet6.Cells(1, 17) = "CAdPmax"
Sheet6.Cells(1, 18) = "dPMax"
Sheet6.Cells(1, 19) = "GammaC"

Sheet6.Cells(1, 20) = "GammaE"

Sheet6.Cells(2, 8) = CA10
Sheet6.Cells(2, 9) = CA50
Sheet6.Cells(2, 10) = CA90
Sheet6.Cells(2, 11) = CA1090
Sheet6.Cells(2, 12) = Qtotal
Sheet6.Cells(2, 13) = CAQMax
Sheet6.Cells(2, 14) = Qmax
Sheet6.Cells(2, 15) = CAPmax
Sheet6.Cells(2, 16) = Pmax
Sheet6.Cells(2, 17) = CAdPMax
Sheet6.Cells(2, 18) = dPmax
Sheet6.Cells(2, 19) = GammaC
Sheet6.Cells(2, 20) = GammaE

End Sub
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4. Taallsunsumuaum IMEP,

Private Sub btnIMEP_Click()
Dim  IMEP(150)
'Dim V1(7300), V2(7300), P1, P2
Dim  V1(4000), V2(4000), P1, P2
Vd = Sheetl.Cells(6, 2)
'Fori=1 To 7199
Fori=1To 3599
V1(i) = Sheet2.Cells(i, 2)
V2(i) = Sheet2.Cells(i + 1, 2)
Next i
Forj=1To 150
IMEP(j) = 0
'Fori=1 To 7200
Fori=1 To 3600
P1 = Sheet3.Cells(i + 1, j)
P2 = Sheet3.Cells(i + 2, j)
IMEP(j) = IMEP(j) + P2 * (V2(i + 1) - V1(i + 1)) / Vd
Next i
Sheet6.Cells(j+ 1, 1) =]
Sheet6.Cells(j + 1, 2) = IMEP(j)
Next j
End Sub
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5. Taaldsunsufnnnm IMEP,

Private Sub btnIMEPg_Click()
Dim  IMEPg(150)
'Dim  V1(7300), V2(7300), P1, P2
Dim  V1(4000), V2(4000), P1, P2
Vd = Sheetl.Cells(6, 2)
'Fori=1 To 7199
Fori=901 To 2701
V1(i) = Sheet2.Cells(i, 2)
V2(i) = Sheet2.Cells(i + 1, 2)
Next i
Forj=1To 150
IMEPg(j) =0
'Fori=1 To 7200
Fori=901 To 2701
P1 = Sheet3.Cells(i + 1, j)
P2 = Sheet3.Cells(i + 2, j)
IMEPg(j) = IMEPg(j) + P2 * (V2(i+ 1) - V1(i+ 1)) / Vd
Next i
Sheet7.Cells(j + 1, 1) =]
Sheet7.Cells(j + 1, 2) = IMEPg(j)
Next j
End Sub
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v o d (Y] Y
1. aumsnnudiusvesfadunisg Nawansznune CH,

CH, = 2.83E+04 - 326 * ( ( ( valve timing - ( 19) ) / 15.6) ~2) + 395 * (( (en ratio - ( 70.2) ) /
5.33)72)+ 166 * ((speed - ( 2.01E+03) ) / 207 ) * ( ( valve timing - ( 19) ) / 15.6 ) + 4.8E+03
* ((speed - ( 2.01E+03) ) /207 ) * ( (en ratio - ( 70.2) ) / 5.33 ) + 224 * ( (IMEPn - ( 2.95) ) /
0.538 ) * ( (valve timing - ( 19) ) / 15.6 ) - 380 * ( ( valve timing - ( 19) )/ 15.6 ) * ( (inj timing -
(37.8))/8.73) - 552 * ((valve timing - (19) ) / 15.6 ) * ( (enratio - ( 70.2) ) / 5.33 ) + 476 * ((
inj timing - ( 37.8) ) / 8.73 ) * ( (en ratio - ( 70.2) ) / 5.33 ) - 1.06E+03 * ( ( IMEPn - ( 2.95) ) /
0.538 ) - 1.07E+03 * ( ( valve timing - ( 19) ) / 15.6 ) + 466 * ( (inj timing - ( 37.8) ) / 8.73 ) +
4.4E+03 * ((enratio - (70.2) )/ 5.33 ) - 2.42E+04

v v d (Y !
2. auMsANNENEsYe el Nawansznune NO,

NO, =444 +5.62 * (((IMEPn - (2.95))/0.538 ) ~2)+9.73 * (( ( valve timing - ( 19) ) / 15.6
)~ 2)+565* ((speed - ( 2.01E+03) ) /207 ) * ( ( IMEPn - ( 2.95) )/ 0.538 ) + 12.9 * ( (
IMEPn - (2.95))/0.538 ) * ( ( valve timing - (19) )/ 15.6 ) - 12.8 * ( (IMEPn - ( 2.95) ) / 0.538
) * ( (inj timing - ( 37.8) ) / 8.73 ) - 3.59 * ( ( valve timing - ( 19) ) / 15.6 ) * ( ( inj timing - (
37.8))/8.73) +5.95 * ((inj timing - ( 37.8) )/ 8.73 ) * ((enratio - (70.2) ) / 5.33 ) +24.6 * ((
IMEPn - (2.95))/0.538 ) + 12.2 * ( ( valve timing - ( 19) ) / 15.6 ) - 15.9 * ( (/inj timing - ( 37.8)

)/873)-8.85*((enratio-(70.2))/5.33)-435
3. aumsnnuduiusvesifadumaq fidewansznune Thermal efficiency

EFF = 743 - 0.426 * (( (IMEPn - ( 2.95) )/ 0.538 ) ~2) - 0.95 * ( ( ( valve timing - ( 19) ) /
156)72)-098 * (((enratio-(70.2))/533)72)-0.52* ((speed-(2.01E+03))/207) *
((valve timing - (19) )/ 15.6 ) + 6.6 * ( ( speed - ( 2.01E+03) ) / 207 ) * ( ( en ratio - ( 70.2) ) /
5.33)-0.423 * (( IMEPn - ( 2.95) ) / 0.538 ) * ( ( valve timing - ( 19) ) / 15.6 ) + 0.815 * ( (
valve timing - ( 19) ) / 15.6 ) * ( (/inj timing - ( 37.8) )/ 8.73 ) + 1.37 * (( valve timing - ( 19) ) /
15.6 ) * ( (enratio - (70.2) ) / 5.33 ) - 0.704 * ( (inj timing - ( 37.8) ) / 8.73 ) * ( (‘en ratio - (
70.2) ) /5.33)+4.09 * (( IMEPn - (2.95) ) /0.538) - 0.703 * ( ( valve timing - (19) )/ 15.6 ) -
0.975 * ((inj timing - ( 37.8) )/ 8.73 ) - 56.7
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4. auMsANNTNNUTUITa A9 NAIWanIZNUAL Start of combustion (CA10)

CA10=339-0.116 * (( (IMEPn-(2.95))/0.538)72)-0.396 * ( ( ( valve timing - ( 19) )/
15.6)72)+0.88 * (((inj timing - (37.8) )/8.73 )" 2) - 0.286 * ( ( speed - ( 2.01E+03) ) / 207
) * ((IMEPn - (2.95))/0.538 ) + 0.2 * (( speed - ( 2.01E+03) ) / 207 ) * ( ( valve timing - ( 19)
)/ 15.6)-0.216 * ( ( speed - ( 2.01E+03) ) /207 ) * ( ( inj timing - ( 37.8) ) / 8.73 ) - 0.299 * ( (
IMEPn - (2.95) )/ 0.538 ) * ( ( valve timing - ( 19) ) / 15.6 ) - 0.284 * ( ( valve timing - ( 19) ) /
15.6 ) * ( (inj timing - ( 37.8) )/ 8.73 ) + 0.191 * ( (inj timing - ( 37.8) ) / 8.73 ) * ( (‘en ratio - (
70.2))/5.33 )+ 0.185 * ( ( speed - ( 2.01E+03) ) /207 ) - 1.61 * ( (IMEPn - ( 2.95) ) / 0.538 ) -
0.898 * ( (valve timing - ( 19) ) / 15.6 ) +2.59 * ( (inj timing - ( 37.8) ) /8.73 ) + 1.37 * ((en
ratio- (70.2) ) /5.33 ) - 35.3

J \J

v v d (Y] Y
5. ﬁllﬂ"l§ﬂ31uﬁuwuﬁﬂlﬂﬂﬂiﬁ]ﬂd1ﬁ"| ‘ﬁﬁﬂﬂﬂﬂﬁ%‘ﬂ'ﬂﬂi’] dP/dCA

dP/dCA =14.4+0.217 * (( (IMEPn - ( 2.95) )/ 0.538 ) ~ 2 ) + 0.337 * ( ( ( valve timing - ( 19)
)/15.6)72)+0.181 * ( (speed - (2.01E+03) ) /207 ) * (( IMEPn - ( 2.95) )/ 0.538 ) + 0.125 *
((speed - (2.01E+03) ) /207 ) * ( (inj timing - ( 37.8) )/ 8.73 ) + 0.424 * ( (IMEPn - ( 2.95) ) /
0.538 ) * ( ( valve timing - ( 19) ) / 15.6 ) + 0.168 * ( ( valve timing - ( 19) ) / 15.6 ) * ( ( inj
timing - (37.8) )/ 8.73 ) - 0.136 * ( ( valve timing - ( 19) ) / 15.6 ) * ( (enratio - ( 70.2) ) / 5.33)
+0.123 * ( (inj timing - ( 37.8) ) / 8.73 ) * ( (en ratio - ( 70.2) ) / 5.33 ) + 0.876 * ( ( IMEPn - (
2.95))/0.538 ) +0.635 * ( ( valve timing - ( 19) ) / 15.6 ) - 0.5 * ( (inj timing - ( 37.8) ) / 8.73 ) -
0.44 * ((enratio-(70.2))/533)-12
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