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Combustion Characteristics of a Dual Fuel Diesel Engine with
Natural Gas as the Main Fuel

Yasufumi YOSHIMOTO™, Takatoshi OHMURA™**

This paper investigates the performance, exhaust emissions, and combustion characteristics of a dual
fuel diesel engine fueled by CNG (Compressed Natural Gas) as the main fuel. The CNG supply rate
was defined as the heat energy ratio of the supplied CNG to the total heat energy available in the
cylinder. The results showed that the brake thermal efficiency was similar to that of ordinary diesel
operation at BMEP=0.67MPa even when the CNG supply rate was raised to 74%. When the CNG
supply rate was higher than 75% ignition became very unstable and the brake thermal efficiency
decreased significantly as well as the HC emissions increased sharply. The reason for this is considered
to be that the appearance of miss fire cycles gave rise to combustion fluctuations. To reduce NOx
emissions, the effects of intake air dilution with nitrogen gas were also investigated.

Key words: Diesel Engine, Alternative Energy, Dual Fuel, Natural Gas, Engine Performance,
Exhaust Emissions, NOx Reduction
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Table 1 Properties of the test gas Table 2 Engine specifications
Test main fuel CNG Engine type Single cylinder, 4 stroke,

Composition CH, vol.% 89.0 Horizontal, Water cooled

C,Hs vol.% 6.4 Borexstro!«a _ 82mmx78mm

CsHg  vOl.% 3.7 Compression ratio 18

CiHyo vol.% 0.9 Combustion chamber | DI (Toroidal type)

- Rated output 5.1kW/2400rpm (BMEP=0.62MPa)

Mean molecular weight g/m;)l 18.36 Injection pump Bosch PFR (Plunger 7mm)
Density kg/m®y 0.819 Injection nozzle DLLA 150 (4 - ¢ 0.2)
Net calorific value Mm%y 40.37 Opening pressure 21.7MPa
Net calorific value MJ/kg 49.30 Injection timing Fixed (19deg. CA.BTDC)
Stoichiometric air-fuel ratio 17.02
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Fig. 2 Brake thermal efficiency and Fig. 3 Exhaust emissions vs. Qg/Q;

equivalence ratios vs. Qg/Q;
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Fig. 4 Heat release rate at different
values of Qg/Q; Fig. 5 Combustion Characteristics vs. Qg/Q;
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Fig. 6 Appearance rates of misfiring at different CNG supply ratios



Ot
>

X - RN B R

Ll M2ITRT & O ICHRIE Y Bl g DA & 72 o THENLD . NOx JJE DY
IMZHONTIE, 2EDLIITEZRLND. KKIA 7 MZBNTIEEmWYEILD CNG 7
BAR (¢e>0.56) DT DHZ L1725, ZNURROBREEY A 7 WIZB W T HREREE
IR AESELMASHE, R T AREN EH L TNO ERNS#EMLIEZb0 L5 %
BILD. KKV A 7 NFAEIZE b 725 ERBGIROZMBAIETIZEL TE, 2ED LI
EZ2bND. —MRITIERBSI Ry & HEREGD R nen, FEEADERE nem, WRBENF nu, HH
B dw, BILOBERDR g & OMICIE, SETOBEBRBKRT 5.

N N en e Mu(L— by ) (1)

CNG HEEIERNBWR & 2> TG BT, FRBEN, RENNLEL RV, KRk A
JVDBIET D 20X ) RIEERRIE T, (D) (21T DIRBELN R nu, TEEAD FEE Do,
B L O R pm PMET T2 & & I, mEAHRK gw D RDE U TIEREGD R ne 73 KiF
IR TT2bDLEZBND.

3.3 BEXRNREEDEE

T IRREhE R TIX NOx 23 8EN3 5 {5
BAER L2 EMND, No HARABICK BMEP=0.65MPa
DR DTN RISV AT, 7285, Q=063
Nz iRA 1% CNG 5% & [FEkOEE 7
A BT DH L TR LT, ARUFSE
T, NelRAHR r 2R TEH L.

—_

o o O o

—_

Smoke
% in Opacity

1000
m

po— N2 ©@) é\ .
m, ;Hmyz \O\ 800 %

N 600
22T, mnz: Nefltfa& [kg/s] \ 3
mair - WAZER & [kgls] —o—0 400 =

200

713 CNG 5t Q1 Q:=63%—
EDTFT, Ne lREHEREZE(LS -8

GOERMN R, NOx M, Bro T 3 T——o 5
SmokeREDEE R LT EDTHD. 33

TR L DI, Ne A RN Hm

35

778

32 ! :
LTHne’e NS Smoke I KIET 0 5 10 15
EEIIIIFEERO LNV DOICX LT, N, addition %
N T B VB 2 L TR . 2D XD
Ox {’%};Viﬁﬁﬁ%f IR L7 ‘C]: ? Fig. 7 Brake thermal efficiency, NOx
W2, IorREHERE TN A E Ne AT concentration, and Smoke density at

#FIF 2 = L 12 LT Smoke OHN% different N, addition ratios



RIRIT A WS D BT o+ — B VBRBE DR B

MA 7235 NOx Z RIEIAKI L 9 D AlREES RIS NI Z LD, EGR OIRHE D,
S DI RN LETH S,

4. FLO

CNG (FEAERIR AT R) % EHRL, 83 2 25 KIREE L 32 ZoBT o+ — B BB D1k RE,
PEAT AR, BRBEFFIEIZ DWW TSR, LU N DR & 1572,

(1) CNG AR T4% O#IPH £ TITWE O T 1 — B /LR & [F]45 0 & WO IEBREh 3R A3
fEoiiz. E£7z, CNG G HEROIEMIZ & 67220 Smoke LTI TR L 72, ook
BHERA TIXT ¢ —B/VIEERIC G KD EA T 5.

(2) CNG fIAG LR 5% 22 D L E KDPALZE L 720, IERRBGHRITRIEIIR T L7,
ZORKE LT, RKIATZABHBT 5 LICRY, BRELESIOTHMRERAFEIN
THELEZEREBEZLNS.

(3) ZICHREHERS TIlIW KA Ne W A THIRT D Z L1 & > T Smoke OIINZ I Z 7273
5 NOx % KgAK C & 5 "lHeMEAN /RE S 472,

A

AWFFED —HBIE, PRk 21 FEFNRFEER OB ER TN bOTH S, KR
(CBR U TIROPRK 21 A TH > ZRIEFTGE, PRI B ORI 2557, 2
TICRELT, SHEERLET.

SCHK

[1] Y. Daisho, K. Takahashi, Y. Iwashiro, S. Nakayama, R. Kihara, T. Saito : Controlling Combustion
and Exhaust Emissions in a Direct-Injection Diesel Engine Dual-Fueled with Natural Gas; SAE Paper,
No. 952436, 1-12, 1995.

[2] M. Shigji, T. Ishiyama, M. Ikegami, S. Mitani, H. Shibata : Performance and Exhaust Emissions in a
Natural-Gas Fueled Dual-Fuel Engine; Transactions of the Japan Society of Mechanical Engineers,
Series B, Vol. 66, No. 647, 1898-1904 (in Japanese), 2000.

[3] E. Tomita, N. Kawahara, Z. Piao, R. Yamaguchi : Effects of Early Injection and Nitrogen Dilution on
Characteristics of Combustion and Exhaust Emissions in a Methane/Light Oil Diesel Engine;
Transactions of the Japan Society of Mechanical Engineers, Series B, Vol. 69, No. 680, 988-994 (in
Japanese), 2003.

[4] N. Mizushima, S. Ito, J. Kusaka, Y. Daisho : Improvement of Combustion in a Dual-Fuel Natural Gas
Engine with Half the Number of Cylinders; SAE Paper, No. 2003-01-1938, 1-8, 2003.

[5] K. Kawasaki, K. Yamane : Experimental Study of a Dual-Fuel Diesel Engines with Biodiesel and
Low-Calorie Gas Fuels; SAE Paper, No. 2007-01-2026, 2007.



il

A OE X - KR KM OH R

[6] K. Hamasaki, E. Kinoshita, O. Shimotsuchibashi, Y. Ueda : Combustion Characteristics of Dual Fuel
Diesel Engines with Biodiesel as an Ignition Fuel (1st Report); Transactions of the Japan Society of
Mechanical Engineers, Series B, Vol. 73, No. 732, 1731-1736 (in Japanese), 2007.

[7] R. G. Papagiannakis, D. T. Hountalas, C. D. Rakopoulos, D. C. Rakopoulos : Combustion and
Performance Characteristics of a DI Diesel Engine Operating from Low to High Natural Gas
Supplement Ratios at Various Operating Conditions; SAE Paper, No. 2008-01-1392, 1-23, 2008.

[8] E. Tomita, Y. Harada, N. Kawahara : Effect of EGR on Combustion and Exhaust Emissions in
Supercharged Dual-Fuel Natural Gas Engine Ignited with Diesel Fuel; SAE Paper, No. 2009-01-1832,
1-12, 20009.

[9] E. Kinoshita, Y. Ueda, Y. Yoshimoto : Combustion Characteristics of a Dual Fuel Diesel Engine with
Coconut Oil Methyl Ester as an Ignition Fuel, Transactions of the Japan Society of Mechanical
Engineers, Series B, Vol. 75, No. 756, 1706-1711 (in Japanese), 20009.

[10] Y. Yoshimoto, K. Kaneko, E. Kinoshita : Combustion Characteristics of a Dual Fuel Diesel Engine
with CNG as the Main Fuel (Study for Methyl Oleate Used as an Ignition Fuel), Transactions of the
Japan Society of Mechanical Engineers, Series B, Vol. 76, No. 765, 916-923 (in Japanese), 2010.

[11] Y. Yoshimoto : Combustion Characteristics of a Dual Fuel Diesel Engine with Natural Gas (Study
with Fatty Acid Methyl Esters Used as Ignition Fuels), SAE Paper, No. 2010-32-0050, 1-8, 2010.



