"m Check for updates

Transactions of KSAE, Vol. 29, No. 5, pp.467-475 (May, 2021) Copyright © 2021 KSAE / 186-08
PISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2021.29.5.467

CI4-7HA O SR O EBIAB S} AOIN CIH 26 LALS S5 14 T

— —
As s A S

Improvement of Combustion in a Diesel-Natural Gas DF-PCCI Engine by
Diesel Two-stage Injection

Hyunsoo Kim - Wooyeong Kim + Choongsik Bae"

Department of Mechanical Enigineering, Korea Advanced Institute of Science amd Technology, Daejeon 34141, Korea
(Received 29 September 2020 / Revised 7 January 2021 / Accepted 14 January 2021)

Abstract © A two-stage diesel injection strategy in a diesel-natural gas dual-fuel premixed charge compression ignition
(DF-PCCI) engine was investigated under a low load condition. Under this condition, the combustion efficiency becomes
low because of the low equivalent ratio. This problem can be solved by supplying more diesel with low natural gas
substitution rate(NGSR); however, thermal efficiency deteriorates as a result. As such, the two-stage diesel injection strategy
was applied in order to delay the combustion phase at low NGSR of DF-PCCI. The two-stage injection timing was selected
based on the thermal efficiency and combustion efficiency of single diesel injection at DF-PCCI combustion. By applying the
two-stage diesel injection strategy, despite a slight decline of thermal efficiency, unburned hydrocarbon(UHC) and carbon
monoxide(CO) were significantly reduced as compared with the single diesel injection strategy DF-PCCI.

Key words : Dual-Fuel premixed charge compression ignition(©]& <15 o &31et=2E8}), Natural gas(Zd 1712),
Diesel(t] &), Combusution efficiency(1 2~ & &), Two-stage injection(2 A}

Nomenclature IMEP : indicated mean effective pressure
GHG . global house gas ITE : indicated thermal efficiency
PM . particulate matter CAD aTDC : crank angle degree after top dead center
NOx  nitrogen oxides SOl : start of injection
CDC : conventional diesel combustion
HCCI : homogeneous charge compression ignition Subscripts
PCCI : premixed charge compression ignition 2nd : second injection
MPRR  : maximum pressure rise rate
DF-PCCI : dual fuel premixed charge compression ignition .2
RCCI : reactivity control compression ignition 194]7] ZHFELE] A1 2HE) 817 Aol UlEh BAle
Pilot-DF : pilot dual fuel T Eo] 1 AZ S HEle FAE] pElE s 2
TDC : top dead center

CAD  :crank angle degree = 329 2217}2x(Global House Gas, GHG)Z 4]

0] 2F3} €k 2~ (Carbon Dioxide, CO,) T4 ¥1F+ o] g}
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NGSR  :natural gas substitustion rate
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Fig. 1 Combustion concepts of conventional diesel combustion
and various advanced combustion technologies

according to the fuel supply”



CIE-7tA OZCR OIEBAS2S AN CIM 26 RALE S3 A2 HM

Z#u DF-PCCI= ARtz A mdgkstaga
(Unburned hydrocarbon, UHC)®} AAF3}erA~(Carbon
monoxide, CO)©] M Z0] F7ksh= &A1 o] ltt? o] 2]
g AL FE9 sfeeAlE AN-etdolM = diEl
Aze] ol F=sto] AA| FEH] 7L 7HAdke] ATt
s dojubA] Fakar 29 F 7] wite] ittt
olg3k £AlE s3] flsto] F7IAlOlE SallA &
R 3712 Fol G E A5A7)E A7 3
Asiglont &1 Aol B £ FA dak
& eshAIRITRE gl e] EAEATE

A} 2760 kol B E warel] $1a

gAe) FHE Fel AAH WAL FU A9, u
9‘_:]

G A2y A7t BAIE S A7) 918 B AT = o
A 29 2 AeEe A galeh WA tae] $AA7)

71Ee] 9 BARY RE YAARE AR W
25 12F ZAR 7T BARY AREE Fo] 24F ZAM
7o e Ao 2 A 71748 WA 8t
ek olg Bl AA 3719 s e
o]FAR o EFeHAse] T o A B nAgksls

[e)
R AR WSS ARSHE A BEE SRk

21 48 33|
B Apola AFEE AL 6L 671% U AL
%) B0 gl @) BOR 7

5O %
A DL Table 19 VFe} ) om 213 A=
Ay

=
He| UA| 2818 E3l A W= 23] EARE ™ o] o,
WA AW AI(733s, AVL)E B3to] SA43th HA
7} 7Y f-EE A o] 4R (F-202AV, Bronkhorst)ol] €13
Aol AA% FHFow ZyFER FIFHTh AW
0 U2 B0t 3792 7t AeF 2 7(F-106Al,
Bronkhorst)& &8l Skt t A/ A7F2 o =3t
Fabsl A Alo] AT U hE2 <l gl =] A X

Ay ol

i

g

Table 1 Engine specification

Specifications

Engine type Single cylinder diesel engine
Bore X stroke [mm] 1002< 125
Compression ratio 17.4
Displacement [cc] 982

Fuel supply system - Diesel Common-rail direct injection

Fuel supply system- Natural gas Fumigation at intake port

Engine DAQ —
Controller

PCV s
Driver Comman-rail

L] Fuel
In| Consumption
Fuel Meter (Diesel)
Pump | | avi 73s
Injecto P
‘; Smoke Meter
i Exi
Ul 3 AVL 4158
T L1
Gas Analyzer
HC. CO, GOy,
Encoder [Yer]
Single Cylinder Engine Horiba 71000

Fig. 2 Schematic diagram of engine experimental setup
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Table 2 Experimental condition

Engine speed [rpm] 1,200
Total energy supply quantity [J/cycle] 909
Natural gas substitution rate [%o] 40, 50, 70, 80
Diesel injection pressure [MPa] 60
Diesel injection timing [CAD aTDC] -50~-10
Engine load[MPa net IMEP] 0.361 ~0.405
Intake temperature [K] 298+ 1
Coolant termperature [K] 353+2
Oil temperature [K] 343+ 1
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Fig. 3 Indicated thermal efficiency of diesel-natural gas
DF-PCCI by diesel single injection
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Fig. 4 Combustion efficiency of diesel-natural gas DF-PCCI
by diesel single injection

A&} v A FALA] 7] (Start of injection, SONZ W73 &0
daEY JAAEES S5 Aroelth o] w, COV_imep
limit= 932~ eFd/d 2] A3 2] Imep W5 A5 (Coefficienct
of variation)7} 3014 147} e A o & Jojux] K&}
= Aotk A7k vl go] Folx ar tlAe] A
717} A2k = AukgAd ddRe] v)go] golxa vl
o] Zalx|do] Eolu} A4yl ek H o g dojuhA] &
ShAl | TE™ A7 gl A &2 40 %, 50 %, 70 %, 80 %
o A, T] A FAIX] 7] 5CAD HA 0.7 lo] AL 5
sk AgolA] Hal da s 82 HAvkx ol
A& 70 %, T} AIAIA] 7] 35CAD aTDCO. 2 =4 D& &
(Indicated Thermal Efficiency, ITE) 71, 42.5 %2 & &%
Btk 2euy 5L e 2ol A AAREE289.0 %=
o 9- whe 3he B 9le Bldd = 9tk o]Ee v o
7ol A d=e] HjA <l ool

ga A
BEste] Aah Yolubd] R 29HE A 7]



Improvement of Combustion in a Diesel-Natural Gas DF-PCCI Engine by Diesel Two-stage Injection

CA50 [CAD aTDC

12

-50 -45 -40 -35 -30 -25 -20 -15 -10
Diesel SOI [CAD aTDC]

Fig. 5 Combustion phase of diesel-natural gas DF-PCCI by
diesel single injection
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Table 3 Comparison of the main operating points of 1-stage injection and 2-stage injection for DF-PCCI

1-stage injection max ITE 1-stage injection max 7),,,,,,;, 2-stage injection ITE recovery
NGSR [%] 70 40 40
. -40 (50 %
Diesel SOI [CAD aTDC] -35 -40 15 §5 0% ;
ITE [%] 425 382 40.0
Combustion efficiency [%] 89.0 96.5 94.6
CAS0[CAD aTDC] 22 -8.0 -3.8
CO [g/kWh] 13.7 10.8 12.7
UHC [¢/kWh] 17.1 49 8.0
NOx [¢/kWh] 1.5 57 213
PM [g/kWh] 0.002 0.004 0.007

Diesel inj. / NGSR[%] / SOI[CAD aTDC]
® 1-Stage/70/-35
® 1-Stage/40/-40
® 2-Stage/40/-40,-15(R,,;=0.5)

98- 1-stage injection
97 { max combustion efficiency

— 96 \
X
25 954 ° 2-stage injection
u:' 94 ITE recovery
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. 93+
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£ 92
3 ot
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89 1-stage injection™ o
o8 max ITE
38 39 40 41 42 43
ITE [%]

Fig. 8 Indicated thermal efficiency and combustion efficiency
of tthe main operating points of 1-stage injection and
2-stage injection for DF-PCCI
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