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Chevrolet Cruze

Dodge Ram 1500 HFE

Parameter

Body type 4-door sedan Pick-up
Number of seats 5 3
Curb weight (kg) 1587 2074
Test weight (kg) 1727 2245

Drive type

Engine trade name

Engine type

Fuel

Cylinder configuration
Engine displacement (cm?)
Bore/stroke (mm)
Compression ratio

Engine power (kW (@ rpm)
Engine torque (Nm @ rpm)
Fuel supply system
Cooling system
Transmission

Front-wheel drive
GM 2.0LI4LUZ
CI, DOHC, turbocharged
Diesel fuel
4 in-line
1956
83.0/90.4
16.5:1
112 @ 4000
358 @ 2600
Direct injection
Liquid-cooled
6-speed automatic

Rear-wheel drive
3.6L Pentastar V6
SI, DOHC
Gasoline
V6 (60 deg)
3604
96.0/83.0
10.2:1
227 @ 6400
365 @ 4175
Multi-port mnjection
Liquid-cooled
8-speed automatic

DPF, cooled EGR, urea injection ~ Variable valve timing, start-stop,

Additional features . .
1onat teatures after-treatment active grille shutters
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24.6 3.5 223 57.2 .
26.9 4.2 20.9 59.0 2.2

21.3 2.9 18.0 61.6 2.1
10.4 11.2 47.9 103.4 2.2
9.3 7.8 40.2 71.7 2.4
3.2 27.3 65.8 125.8 2.2
3.4 46 92 138 2.6
7.5 42.7 82.3 150.0 3.2

dilisn slo S Slasiet JS5

Table 24: Fuel consumption and aggressiveness factor for the Ford Focus for standard drive
cycles organized by type of driving. The four drive cycles included in the new (2008+) U.S. EPA
fuel economy labels are highli hted.

Japan10/15

Japani0

ECE 10.52 European Reg. 1.77
INRETS urb 10.67 Other European 1.92
INRETS urb3 11.36 Other European 2.15
INRETS urbl 11.38 Other European 2.17
NY C 16.02 Other U.S. 4.29
EUDC 6.76 European Reg. 0.41
Japani5 7.74 Japanese Reg. 0.44
INRETS road2 7.21 Other European 0.52

Other European

Other European

i Other Euryg_a_nr

US.Req.
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Table 1. Phases of China’s passenger vehicle fuel consumption regulations [16].

Phases Time Frame Standard Test Cycle Description

2005.07-2008.01: New type
approval vehicle

Only the fuel consumption limit

Phase 1 2006.07-2009.01: Vehicle under GB19578-2004 NEDC for H;??Le \f(—z'll.]icle 1:1 rt:qu\ired;
manufacturing ly tor domestic cars
=2 7 k ¢
zmsglgrg{i?:e'}:ir; pe Only the fuel limit for a single
8 0578200 I rehicle is fved-
Phase Il 2000.01-2012.07: Vehicle under GB19578-2004 NEDC Or‘ﬂef’;“]e f_:qf'éff'a' )
manufacturing ly tor domestic cars

- The single limit and the ratio of
Phase III 2012.07-2015.12 GB19578-2004 NEDC CAFC are both required;
GB27999-2011 | o e
mported cars are included

- The single limit and the ratio of
9578-201:
Phase IV 2016.01-2020.12 gg;,;;i,,g}i NEDC CAFC are both requined;
e Imported cars are included

The single limit and the ratio of
o CAFC are both requined;
Phase V 2021.01-2025.12_ GB19578-2021 WLTC Imported cars are included;
GB27999-2019 .
The evaluation system changed
from ladder-type to line-type

Oles 535 50 gz e slo S ¥ S
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Figure 3. Comparisons of the NEDC and WLTC driving cycles [27].
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Figure 4. Fuel consumption of the baseline vehicles with different powertrains.
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Table 5

WLTC and SRRD-HD driving cycles fuel economy and friction energy loss results.
Results Oil A 0Oil B oilc

WLTC SRRD-HD WTLC SRED-HD WLTC SRRD-HD

Fuel Consumption (L/100 km) 6.34 13.72 6.58 13.96 6.57 13.86
Difference (%) —-3.5 —-1.01 0.15 0.72 - -
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Difference (%) —4.65 —5.66 3.44 6.66 -
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Table 1 Experimental vehicles and motor oils.

Vehicle age

Mo,  Experimental vehicle Engine capacity (L) (years)

Motor oil (il drain mileage (km)

Shell Ultra API 5L, SAE
3W-30 synthetic oil

Shell Ultra API 5L, SAE
3W-30 synthetic oil

R . API 3L, SAE 3W-20 mineral N
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API 3L, SAE 3W-20 mineral

1-1 Missan Teana x5 2 1816
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(a) Normalised wear rate (b) Normalised wear rate
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Table 1. Vehicle data.

https://Autolibrary.ir/

Vehicle No. 1 2
Vehicle Class Upper Medium Small
Emission standard Euro 4 Euro 4
Engine displacement (litres) 25 124
Max Power (kW) 140 60
Inertia Class (kg) 1590 1020
Cylinders 6 4
Valves 24 16
Injection System DI PFI
After treatment device TWC + lean NO, TWC
Drive RWD FWD
Transniission Manual 6-speed Manual 5-speed
E10 Compatible? Yes Yes
Registration date 2007 2009
Mileage at start of test (nules) 23,354 8.890

S 65)‘59’.¢’ i VO ]i"'

el 00 ts"‘)‘b 95RON S gas LS‘):’ \'o)Lo...i’: 89,99 9 98RON S g 6‘)’.’ \c)Lo..i‘: S9)09>

ail ool eole ylid 5 Jelas 10 5 gt pl Ho colaiwl 5,90 slo Cd g Slasin

EtOH | ETBE |Oxygen| RON | MON | Sens
vol% | vol% | % m/m
Fuel 1 | EOETBEO 0 0 0 952 914 4
Fuel 2 | EOETBEO 0 0 0 956 85.5 10
Fuel 3 | EOETBEO 0 0 0 974 836 14
Fuel4 | EOETBEO 0 0 0 990 889 10
Fuel 5 | EOETBEO 0 0 0 95 85.0 15
Fuel6 | E10ETBEO | 100 0 363 956 846 1
Fuel7 | E10ETBEO | 94 0 346 979 844 14
Fuel8 | E1I0OETBEO | 93 0 349 992 89.4 10
Fuel9 | E10ETBEO | 102 0 370 096 853 14
Fuel 10 | EO ETBE22 0 24 378 954 85.6 10
Fuel 11 | EO ETBE22 0 233 377 983 85.7 13
Fuel 12| EO ETBE22 0 231 388 991 886 1
Fuel 13 | E0 ETBE22 0 29 384 1000 | 868 13
Fuel 14| E20ETBEO | 192 0 684 1025 | 870 16
Fuel 15| EO ETBE44 0 402 758 1033 | 886 15
Fuel 16| PRF86 0 0 PRF 86.0 85.8 0
Fuel 17| PRF91 0 0 PRF 9038 90.8 0
Fuel 18| PRF35 0 0 PRF 950 946 0

Fig. 2. Test fuel Matrix.
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Fig. 3. RON, MON and Sensitivity of the 18 fuels.

O,y kgl 40 eolaiwl 0,50 sl g Slasin -VF S

https://Autolibrary.ir/

Ye



https://Autolibrary.ir/

o9 SAWtooth acceleration test s NEDC _Sosl, JScw sllae iogh ool Sosl) Lls

3 pSoe 8 8l Co 38 68 Slid )0 9045 0 Shee g b (o il

S g Bpan 50 Slas (g5, p OSToe Gl 5L [28] YoV Jlo o o) es 5 500l 5 55 50,
S 55 IS8 alie U1 0 9 2WD (55,055 G sl (g cnl c dishs 18 cuy 0590 ) 55095
ST ol plol il o 508 uaglie 5 Saalipogal sl (55l s olii 4 g, 2 sl
335001 g b (ST g0 )ls 5]y (ol e g ol g (oo Lulyds Jloel coll iz
Silgine a5 Conl il sla Jasle g1yl 595061 (ol ogia (5,5 o5lasl Horiba MEXA-ONE C1
olis 5 Jsaz o Horiba MEXA-ONE C1 (gla Jsile . aisS 5,8 o5l |, calideo slo Sur,Yi

i: DILUTION TUNNEL

5l ool eold

{ !

CHIMATIC CHAMBER

|~
P

CONSTANT VOLUME SAMPLER

BLOWER

- EWAPORATOR
) ILOWER
AL TS e

CONTROL ROOM

gg

HORIBA MEXA-OME C1
|~

/

o
-

B
ROLLER
L ]

Y

50,3 550509, S inlesl GBI -YY S

Table 1. Specifications of Horiba MEXA-ONE C1.

Carbon Monoxide Module

Measurement method
Range
Accuracy

Non-dispersive infrared (NDIR)
0-5000 ppm
3% (of measured value)

Carbon Dioxide Module

Measurement method
Range

Accuracy 3.1% (of

Non-dispersive infrared (NDIR)
0-1000 ppm

measured value)

Nitrogen Oxides Module

Measurement method
Range

Accuracy 2.7% (of

measured value)

Chemiluminescence (CLD), vacuum
0-5000 ppm

Total hydrocarbon module

Measurement method
Range

Accuracy 2.7% (of

Flame ionization detector (FID)
0-60,000 ppm

measured value)

3505995 593l,8 s slo Jo3le -VA IS

Yo
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oas plxil Directive 1151/2017 1o oo S5 g, 40 Lidgh cpl 10 Cogw B pae Jlade Cyuisan

Table 2. Specifications of Opel Corsa OPC.

Emission Regulation Euro 6b
Engine type SI-IDI, turbocharged, intercooler
Compression ratio 8.81
Power @ 5800 rpm 152 kW
Torque @ 1.900-5.800 rpm 280 Nm
Displacement 1.598 cm?
Bore 79 mm
Stroke 8L.5 mm
Gearbox Manual
Valves per cylinder 4
Octane number (RON) recommended ! 100
Total gear ratio (kmy/h each 1000 rpm)
1st 7.2
2nd 127
3rd 20.3
4th 28.6
5th 357
6th 446

T As specified by the vehicle manufacturer.

5y%9) sb,8 Cad (59,093 Slasine -V S0

)aﬂ)ﬁbu@wl 2 C).mé\.asb.d; )‘).9 oolawl 3,90 LJ“‘QSJ" u.)‘ )QdféLb g.a.’>9.~.» Slasion

Test Method Units 95RON 98RON 100 RON
Research Octane Number ASTM* D 2699-18a - 96.1 98.1 99.7
Motor Octane Number ASTM D 2700-18a - 85.1 87.4 87.8
Density 15 °C ASTM D 4052-18 kg/m® 733 735 737
Vapor pressure (DVPE) ASTM D 5191-15 kPa 67.1 72.5 71.9
Vapor Lock Index EN 228 - 903 949 951
Sulphur ASTM D 4294-16el mg/kg g 10 10
Lead EN 237:2005 mg/L <5.0 <5.0 <5.0
Existent Gums ASTM D 381-12 (2017) mg/100 mL <0.1 <0.1 <0.1
Distillation
Evaporated 70 °C (E70) % v 33.1 32.0 33.2
Evaporated 100 °C (E100) % v 56.3 55.9 57.2
Evaporated 150 °C (E150) ASTM D 86-17 % vfv 82.7 82.6 83.8
Final Boiling Point °C 194.8 191 198.0
Residue % vfv 10 11 1.0
Hydrocarbons
Olefins % vfv 13.0 111 11.1
Aromatics % v 279 244 244
Benzene % vfv 0.5 07 07
Oxygen Y% mfm 24 24
Methanol EN ISO 22854:2016 % v <0.1 <01 <0.1
Ethanol % vfv 12 0.7 0.7
Isopropyl alcohol % v <05 <05 <0.5
ETBE % ol 748 135 135
Other oxygenated compounds % v <0.1 <0.1 <0.1

355,09, 9l,8 Cand o oolatwl 5,50 sl Cgus Slasine -V S
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Figure 7. Average specific fuel consumption along toothsaw and steady-state modes.

5 o,Skee 55, 21, E20 E15 10 glo cigm 135 Y10 Jlu o [29] Lo S 5 5 ol
Ly Sossly S g o g g lag 095 Slasin pj Jolaz 30,5 (o) p 9,095 g B s

Sadee Gl |y ol aid 518 w0 90 Liegh (pl jo A

Froperty RON 02 E1D El5 EI0
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T 536 51 510 51
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{"c} 1) = 1 [N [ ! -
10 158.6 1616 1604 1595
EEP 180 1853 1827 1785
Chctaze numbsr 924 244 95.4 96.5
RVP (kPa) 60.46 70.46 68.41 67.00
% content (wt ppm) 215 215 203 190
Aromatic hydrecarbons a9 - ae
— 316 278 265 251
O content (wt%) 0 3.93 512 803
Density (kglizer) 0.730 0.740 0.746 0.754
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Property items Test fuels

E0 ES E10 E20 E85
Density (kg/dm® at 25°C) 0.719 0.7225 0.729 0.733 0.7785
Stoichiometric air-fuel ratio (weight) 14.565 14.26 13.957 13.361 9.751
Lower heating value (kJ/kg) 43 500 42 665 41 830 40 160 29 305
RON (-) 92 92.8 93.6 95.2 105.6
MON (-) 82 82.4 82.7 83.4 87.9
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Property items Test fuels

E0 ES E10 E20 E85
Density (kg/dm® at 25°C) 0.719 0.7225 0.729 0.733 0.7785
Stoichiometric air—fuel ratio (weight) 14.565 14.26 13.957 13.361 9.751
Lower heating value (kJ/kg) 43 500 42 665 41 830 40 160 29 305
RON (-) 92 92.8 93.6 95.2 105.6
MON (-) 82 82.4 82.7 834 87.9
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Kinematic Driving Cycles with a Manual Transmission

For more details, see the "Model_Description™ tab or double-click the icon below.

Model_
Cescription

TRANSMISSION WEHICLE ‘L
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Object Comment: |

‘ ‘ Add Long Comment...

Help Part Comment: |

o Main < Fuel o State < Secondary Maps

4# Emissions Maps

g Thermal Behavior  g#* Map Plots Flots

Attribute Unit. Object Value
Fuel Density kgm~3 779.75[...]
Fuel Carbon Mass Fraction fraction ~ 0.835 I;‘
Fuel Heating Value kg 4.237[...]
Fuel Shut-off Speed (Vehide-Kinematic Mode) RPM ~ ign I;‘
Fuel Mass Increment Consumed at Engine Start g ~ ign l;“

53l 5 Lage FY S5

g.al.«;uxél.ma u‘j.«.cd.aoMT Cawodo O‘As|ss/.>5u dfa.‘o 65)).,).:[.’ J)lw‘;ub Lg)l.‘awé‘).a

2| Template: TireConnRigid

5D Lg)‘di.ib )-IGL\.&.«O ébla) )ojﬁt; Cound “)O S.MH.LC . k:vﬁjLaaO

X
Object Family
E Tre Object Comment: | ‘ ‘ Add Long Comment... |
TireFL
@ e Help Part Comment: | |
(@) Tire-FR
) TireRL o Tire
@ TreAR
Attrbute Unit Object Value
(® | Explicit Tire Rolling Radius mm 300[...]
(O | 150 Metric Tire Code
Tire Rolling Resistance Factor 0.01[...
Number of Tires on Axle 1.
Friction Coefficient Limit ign|...
Steering Tire o T'
Simple Tire Slip Model O |
= T -
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}_l] Template: EngineState X
Object Family )
Engine Object Comment: ‘ | | Add Long Comment. .. |
B E e
l;‘ Help’ Part Comment: ‘ |
< Main < Fuel & S5tate o SecondaryMaps < Emissions Maps «# Thermal Behavior <# Map Flots Plots
Attribute Unit Object Value
Initial Speed RPM - EET
Initial Angular Position deg v al...]
(®) | Accelerator Position % - 0|;|
(O | Engine Load (BMEF) bar
(O | Engine Load (Brk.Torque) MN-m
Mechanical Output Map (RPM, AcceleratorPos) MEP(Bar) Engine-BMEP [L..]
Engine Friction Map (RPM, BMEP) MEP(Bar) ~ EngineFMEP |;”
[ o || e [ wr |

S 5l S
53 (6 e s g5 delol 1o 45 ail ot 45,5 5 5 GT SUITE 38l o5 ,0 US06 § ARTEMIS
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Abstract:

With the rapid growth of the global population and industrial development,
energy consumption has significantly increased, especially in developing
countries. This rise has led to a notable increase in greenhouse gas emissions,
with carbon dioxide being a major contributor. Fossil fuels remain the primary
source of global energy, making the reduction of carbon emissions a critical
challenge.

This study investigates the impact of fuel quality, engine oil degradation, and tire
wear on vehicle fuel consumption and the overall carbon footprint throughout the
vehicle life cycle. Standard driving cycles including WLTC, NEDC, and
ARTEMIS were analyzed to assess variations in driving behavior, fuel
consumption, and emissions.

Simulation results highlight that driving behavior has a direct and significant
influence on fuel usage, and improvements in fuel quality, such as replacing
conventional gasoline with E10 fuel (10% ethanol), can lead to substantial
reductions in CO: emissions over the vehicle's lifespan. Additionally, the effects
of tire and engine oil wear on increased fuel consumption were examined,
emphasizing the importance of maintenance and fuel standards for achieving
better vehicle efficiency and reducing environmental impact.

Keywords: Fuel quality, Engine oil degradation, Tire wear, Driving behavior, Fuel
consumption, Carbon footprint, Vehicle life cycle
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