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Abstract : The need to monitor CO, emission of vehicles on the road continues to increase recently. Therefore, it is essential
to understand the CO, emission characteristics of vehicles and to construct a ‘real-world” emission prediction model. This
study supplemented the trip CO, emission prediction model developed in the previous study and presented a calculation
method that can predict and calculate trip CO, emission according to changes in the driving environment of various vehicles
without detailed powertrain specifications and performance. Using the model, the effect of changes in the driving
environment of various ICEVs(gasoline passenger car, VAN, SUV, Light duty truck, BUS) on trip CO, emissions was also
investigated. To this end, real road driving DB analysis and model verification were performed for a total of 13 vehicles,
including gasoline passenger cars, diesel SUVs, and buses. In order to understand the effect of changes in engine coolant
temperature and ambient temperature on trip CO, emission in three vehicle types, the trip CO, emission calculation results in
13 NIER modes were presented.
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Nomenclature Crey : reference coefficient

A : vehicle cross area d : distance

Crolling : Rolling resistance coefficient Bl : fuel energy

Cq : aero drag coefficient Epe - energy loss during idling

Corarmup : experimental warm-up coefficient Eiireon - energy loss for air-conditioning system

Covolingair : experimental coefficient for engine air AE,giing : additional cooling loss compared with
cooling loss calculation reference condition

Cirooting, radi : experimental coefficient for radiator loss B ke : energy loss during vehicle braking
calculation Epp : vehicle driving(traction) energy

C, a, Chrpuers 8 : coefficient 0 : engine cooling loss energy
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V- : cooling loss energy at reference condition
. : engine warm-up loss energy
tooling.air : cooling loss at engine surface
E : cooling loss at radiator
g : gravitational acceleration
m : vehicle mass
utput . output power
Bt : input power
P, : loss power
Proax.ers : power at maximum efficiency
PKE : positive kinematic energy
RCS : relative cubic speed
RRG : relative road gradient
AT, 0 : coolant temperature difference between
radiator inlet and outlet
Puir : air density
vV, : displacement volume
Virer : displacement volume of a reference engine
Niax : maximum efficiency
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Table 1 Specifications of test vehicles

Bgol 7ttt dA4 =2 FY pB J|H Trip CO, HISE OIF A4k Yol 2f AL

Type Model year | Transmission | Weight (kg) }()pa:;TSagg)r Engl:;j;s:;lz(asce)rnent Engl(r;{ev\lj;)wer
RV 2018 Auto 6 2,865 11 2199 (TC)* 149
VAN 2017 Auto 5 3,075 12 2479 (TC) 128
Diesel Suvl 2015 Auto 6 2,085 5 1995 (TC) 135
LDV Suv2 2019 Auto 8 2,120 5 1995 (TC) 137
SUV3 2016 Auto 6 1,965 5 1995 (TC) 137
LDT (light duty truck) | 2018 Manual 6 2975 | 3(1,000kg) 2497 (TC) 08
DV BUSI 2015 Auto 5 5,880 2 3933 (TC) 125
BUS3 2015 Manual 6 15,460 47 12742 (TC) 323
GPCl 2017 Manual 4 1,235 5 998 56
' GPC2 2018 Auto 6 1,615 5 1591 97
Gisgzlne GPC3 2018 Auto 7 1,705 5 1591 (TC gdi) 150
GPC4 2015 Auto 6 1,785 5 1999 123
GPC5 2014 Auto 6 1,915 5 2999 199
* TC : Turbocharger
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Table 2 Test vehicle driving conditions

Type No. of | Distance | Trip mean speed (km/h) | Ambient temp.(C) (from OBD) | Trip mean coolant temperature (°C)

trip (km) Mean Median Min. | Max. | Mean | Median | Min | Max | Mean | Median
RV 724 6,546 25.35 26.03 3 45 21 21 26 90 76 77
VAN | 442 2,669 17.78 16.37 1 37 18 18 21 93 70 74
Diesel | SUVI | 899 | 14,244 30.70 24.83 -3 44 16 15 23 91 72 76
LDV | Suv2 | 518 | 19474 44.64 34.04 -8 37 12 12 14 88 66 77
SUV3 | 727 | 10,777 27.52 20.79 2 50 21 21 25 91 74 79
LDT | 466 5,064 32.34 30.95 -4 32 16 16 12 92 73 80
BUSI | 651 12,820 18.11 18.16 -4 24 10 10 14 79 66 69
HDV BUS3 | 271 14,751 34.58 37.45 -8 29 11 11 15 86 69 70
GPC1 | 903 | 24,564 25.27 18.53 -3 58 24 24 29 91 80 85
GPC2 | 760 8,976 22.31 17.93 -1 59 25 25 27 91 78 82

Gasoline
LDV GPC3 | 415 | 16,088 40.68 36.52 -2 66 23 23 25 97 76 81
GPC4 | 252 3,360 27.53 18.93 -3 52 20 20 37 92 77 81
GPC5 | 459 | 13,316 35.00 24.84 -3 59 21 20 19 96 78 82
Representative Total Average

value 7487 | 152,649 | 29 25 3 [as [ 8] 18 | 2 ]| ® 78
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Table 3 NIER mode for vehicle CO, emission calculation

Driving .Trip Trip mean Tfip mean | Trip Trip
model distance speed |drivespeed| RCS PKE
(km) (km/h) (km/h) | (m*s) | (m/s?)

NIERO2 | 1.95 8.08 15.04 46.20 0.55
NIERO3 | 2.63 10.97 18.01 72.30 0.56
NIERO4 | 3.34 13.61 20.54 87.90 0.49
NIERO5 | 4.14 17.57 25.12 115.81 | 0.53
NIERO6 | 4.55 19.78 27.25 108.69 | 0.51
NIERO7 | 5.99 25.02 32.34 15533 | 0.52
NIERO8 | 6.96 27.62 33.89 134.76 | 0.48
NIERO9 | 8.77 34.24 39.32 183.39 | 0.41
NIER10 | 11.81 46.47 49.38 24450 | 0.35
NIERI11 | 13.62 53.72 53.78 254.84 | 0.27
NIER12 | 14.95 64.06 64.14 346.65 | 0.28
NIER13 | 18.24 77.36 77.45 500.07 | 0.24
NIER14 | 23.83 93.57 93.67 714.68 | 0.15
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Table 4 Test vehicle driving conditions for CO, emission

calculation
Conditions
Standard Ar.n.bient temperature 20 °C .
Initial coolant temperature 80 °C
Cold start Ar.n.bient temperature 20 °C )
Initial coolant temperature 20 °C
A/C On Ar.n.bient temperature 35 °C .
Initial coolant temperature 35 °C
Heater On Ambient temperature -5 °C

Initial coolant temperature -5 °C
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Trip kinematic parameters
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Table 5 Reference coefficients(C,, ) and A7,
loss calculation

for cooling

rudl

Coefticients Unit Reference value (2liter engine)
Coarmup kJ/K 71
Coootingair KI/(K - s) 0.134
C::onh'ng.radi KJ/(K - s) 0.7
AT K 5 (fixed value in the model)

Table 6 Verification of the accuracy of the real road trip CO, calculation model of 13 vehicles(eq.9)

Trip Cco? Trip fuel economy Trip idle fuel amount Trip mean coolant temp

Vehicles
B R’ B R’ B R’ B R’
RV 1.01 0.93 0.93 0.65 0.90 0.91 0.98 0.87
VAN 1.04 0.96 0.91 0.79 0.90 0.90 0.94 0.91
Diesel SUV1 0.99 0.99 0.91 0.87 1.00 0.86 0.97 0.89
LDV SUV2 0.97 0.99 0.98 0.88 0.84 0.73 0.96 0.96
SUV3 0.96 0.99 0.99 0.87 1.10 0.93 0.97 0.82
LDT 0.94 0.99 0.95 0.60 1.30 0.93 0.92 0.87
BUSI 0.96 0.98 1.00 0.87 0.93 0.88 1.10 0.85
HDV BUS3 1.00 0.99 0.97 0.92 0.91 0.95 0.95 0.64
GPC1 0.98 0.98 0.94 0.89 0.84 0.94 0.93 0.76
GPC2 1.03 0.99 0.92 0.90 0.64 0.96 0.95 0.92

Gasoline

LDV GPC3 1.03 0.99 0.95 0.91 0.69 0.92 0.95 0.94
GPC4 0.99 0.99 0.99 0.94 0.94 0.96 0.93 0.75
GPC5 0.98 0.99 0.99 0.95 1.30 0.93 0.88 0.84
Average 0.99 0.98 0.96 0.85 0.95 0.91 0.96 0.85
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