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Abstract

In order to realize a carbon-neutral society, Mazda aims to realistically and effectively reduce CO, emissions
from the perspectives of Well-to-Wheel and Life Cycle Assessment. To this end, Mazda has adopted a multi-
solution strategy that provides powertrains based on energy sources and power generation methods available in
different regions around the world. Currently, in the European market, the number of refueling stations equipped
with Hydrotreated Vegetable Oil (HVO), a next-generation biodiesel fuel capable of reducing Well-to-Wheel
CO, emissions, is increasing. In this paper, we report on the investigation of the effect of HVO on the

performance of Skyactiv-D 3.3 engine.

Key words : Heat engine, Compression ignition engine, Performance, Emissions gas, HVO
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Estimated by Mazda CX-60 e-SKYACTIVD 3.3

10 CX-5 SKYACTIV D 2.2

CX-60 e-SKYACTIVD 3.3
with HVO 100% use

Premise of estimation:
-CO2 electricity intensity : 0.372 [kg CO2/kWh]

that is EU28 countries average of 2021 by GaBi database.
-HVO can reduce by 90% CO2 compared to fossil diesel fuel.
-Running cycle : WLTC

-Vehicle class : M-SUV AWD

n n

Life Cycle CO2 emissions [t-CO2]
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Milage [10,000 km]
Fig. 2 Comparison of Life Cycle CO, Emissions
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Table 1 ICERMNDBE—IRIBTH BN T4 VRT1—F
JUBRRELERAE EN15940 ICZEHL L 7= HVO & B JIS #R1& 2
S8H (UT, Bh) ORRNEMEERETR T,
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EHICRTEZ UELNE <, BECEEINT VIER
L%, LR UIIEEAEZRIEETEVEEE XL
ERSAED

Table 1 Typical Fuel Properties of Diesel and HVO

Diesel Fuel Biofuel
. 100% of Hydro-treated
Type JIS #2 Diesel Vegetable Oil
Cetane 55._7 751
number | (Cetane index)
Density 0.83 [g/cm3] 0.78 [g/cm3]
Viscosity | 3.66 [mmz/s] 3.0 [mmz/s]

2.2 HVO fERIC&3BEIA>ET FADFE

IVATIEEERICZOLTHVO ZFERLTWER
7=%, ML HVO ZFRA LB B ICEFDMEE - §
MM 73 C e & BIEL T SKYACTIV-D 3.3 %% L
Too TDEARFETTZ Table 2 IZRT .

Table 2 Engine Specifications

Engine Type In-Line 6
Bore /Stroke [mm] 86/94

Displacement 3283 [cm3]
Compression ratio 15.2

Common Rail/
Piezo injector

$0.106mm X 10hole

Fuel injection system

Injector nozzle dimension

Piston material Steel

Piston bowl shape Dual Zone Egg-shaped

HP & LP-EGR

EGR System

SKYACTIV-D3.3 TIZME, HERA AMDREDT-DIC
FlcaBEI> 7 e LTERMBIE T RS ME
(Distribution Controlled partially Premixed Compression
Ignition: DCPCI) ¥ #$RE L TWL 3,

Bz BRANEEES, MESE3EETr—tEILT
IV TIRAKEI 2 ZERTES T 5 e —RINTHZH,
SHEBED=HICIE, EFE= (Top Dead Center: TDC)
HEICEWTEIAE TSR & Bt 2175 CE N ER
TH3, LHL, EKRETILTIF, TDC I TREARHIC
L DRI EEST B L EREDEERILICEK D SMOKE
PBINY 278, WABHARIREHE & SMOKE BB DmIIH
BBETHo7ze €T, TDC A TRREARICHFIES %=
TUWEASHEREDEREIRET S7DIZ, Fig.3 1
TIEIICER M)y TEROEFERR Z LR ICHEIE
BeMBREOLTEBICED I 3MEEREERE LT
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Fig. 3 Combustion Concept of Skyactiv-D 3.3
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No.41 (2025)
Table 3  Fuel Properties for Calculation
Diesel HVO
Density [kg/m’] 830 780
Cetane Number 54 75
" n-C16H34 n-C16H34
2 47vol.% 71vol.%
9]
9] Gas phase
& i-C16H34 i-C16H34
e 53 vol.% 29 vol.%
[
Liquid phase n-C16H34:100vol.%

I VRS 1500rpm, ERFEEHEMES (Brake
Mean Effective Pressure: BMEP) 600kPa D& TERE
HVO % LB L7458 % Fig. 4 IR T, EET VI VELE
HBREROBNESNBRE, BFEEE, NOx KU SMOKE,
CFD A ERERDEEL O LIRETDAMHICDOWVWT, Bl
& HVO ZHEE L TWL %,
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BEBDHIRE TDEMNDHBEHL D HEL, AIREZE
BEBEZFLOTFHSHIETEITVWEHOD, FIEREREIT
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Fig. 4 Comparison of Diesel and HVO Combustion
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Fig. 5 Comparison of Combustion Performance
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Fig. 6 Comparison of Exhaust Emissions and Noise
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Fig. 7 Comparison of Sound Pressure Level in Vehicles

(2) 2&afEttae

LEFIISVTH HVO ERKOXERRZ1T o7
Fig. 8 ICEMY HVO ZEA L BOI Y V28RO
BiEERd. 2EFTEREANLEICERIERLYT
WRIRICAZ-OEmAER CRONVHOEADEWVD
B <, FMARABEE R o T,

Engine speed = 1500rpm

14 T T 240
—12 | — Diesel N\ . 200’_.‘
& —— HVO / \ g

o
= 10 4 \ 1160 3
£ s // / N 120 €
s h
4 / \ 1808
5 K
T 2 N 0 E
= [+
T o0 -0 Z
_': Injection rate A Omm?/deg I
-30 -20 -10 0 10 30 40
Crank Angle [deg.. ATDC]
Engine speed = 3750rpm

16 140
£ 14 K 4120
212 N 3
S 10 \ 1 100>
3 N, 80 @
i s % g
> 6 e Vot 60 g
-§ 4 / N 1 40 %
s 2 I/ N 20 ©
&IJ 8
£ 0 10 T
- Injection rate 10mm3/deg i

-30 -20 -10 0 10 20 30 40
Crank Angle [deg.ATDC]

Fig. 8 Comparison of Combustion Performance at Full
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Fig. 9 Comparison of Maximum Engine Torque
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Fig. 12 The Effect of Durability Test for CO and THC

Fig. 13 The Effect of Durability Test for NOx and PM
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