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Abstract In the international natural gas market, natural gas has markedly low calories. The domestic calories
standard of natural gas was changed and the performance and efficiency of many industrial machines using natural
gas were affected because of low caloric natural gas. Therefore, in this study, a dual fuel engine fueled with natural
gas and diesel was tested to examine the effects of the CNG substitution rate on the combustion characteristics, such
as thermal efficiency, COVimep and heat release rate. The CNG substitution rate was defined as the ratio of CNG
instead of diesel, which was calculated as the total energy. The conditions of the tested engine were fixed 1800
rpm/500 N-m. In addition, diesel fuel was injected at 16°CA BTDC and the fuel pressure was fixed at 85 MPa; the
lower heating value of CNG was 10,400 kcal/Nms2. The results of the engine test showed that the amount of diesel
fuel was changed according to the CNG substitution rate. Therefore, when the substitution rate was increased, the
amount of diesel fuel was decreased, which affected the energy for ignition. In addition, the ignition delay duration
was increased, which affected the thermal efficiency and torque. On the other hand, the COVimep was less than 5%
and a stable combustion state of the engine was shown.
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Fig. 1. Schematic of engine experimental equipments
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Table 2. Experimental conditions of dual fuel engine

Experimental condition Description
Type of fuel Diesel / CNG

Engine speed (rpm) 1,800

Torque (N-m) 500

Diesel injection pressure (MPa) 85

Diesel injection timing (BTDC, °CA) 16

Lower heating value of CNG (kcal/Nm?) 10,400
Substitution rate (%) 80, 85, 90
DAAHE AHFLAE Apad oA BET
Rt AREAS welste] 1800 pmel FA5elA &
2500 NmE A47]F 0 A9 St e
5o 2AREE I BARZIE 742 85 MPadt BTDC
16°CAZ s1gste] EARE oI} HshAl7] st e
FEF= Hxsfstarh o714 AAZEAJAR(CNG)= o
A AFolM FEEIL 9l 10,400 keal/Nmse] A 9]
S e Ang H4skgon. Y A9L 59
371 918 Wae] QPLEE 70T, AFe) &7
LEE=A0TE AT & U s 25 2AS 3190, ~
ZEWMHE obd HAsE eIl WOT(Wide Open
Throttle) = #loi&t%ith

703

+ MBT(Minimum injection advance for Best Torque)
AH<& BTDC 16°CAZE 1433t

3.1 ATIMS 2 ALEH

Fig. 2¢} Fig. 3¢ CNG £4890 12 9582 E=
o] EAS el Aolt). 4 &S FHE oA i
Z8 02 Ao, Eago] S/ESE dagd
aste A4S B 80% E4L0) Hls) 90% E4
& Z10A oF 1.5% 7HF SHA YERsTh EA A 4
&Y A S UERlon], Eage] we of

1.8% 7} ztolE UEHTh ol g Ao 2= Hhd
o= ol g¥E YAAST EF-H vygsld A
o wldItA F7ketA ==d), olw]l WAE= H 3l
A= A3E1E o83 Wrr} a9 o W Hed
A stge] WA wiolth whekA TlAdAm ] 3
& 4 At A7t asta 7] st mEE
23t 238l & AVt ETIR StEe Agte]
dasiA HBe 48y BEav) fashs =2
ok

Az

fus

E

A

oS b
(o

37

Thermal efficiency [%]

80 85

Substitution rate [%]
Fig. 2. Thermal efficiency characteristics according to
CNG substitution rate

90



S| Eersl=EA) Asd A5E, 2017

504 |-

502 -

Torque [Nm]
u
o
o
T

498 -

496 -

80 85 90
Substitution rate [%]

Fig. 3. Torque characteristics according to CNG

substitution rate

it

At

tlo

R E

Fig. 4= CNG E48H3}o] u}
W Aotk Aol <l 5715
(COVy, )= A EFE AEEH, o
COVy,., 5% °latd wf eHg=Ql Axief2 wadd
Atk 71 A3E CNG E48&° we} covy,,, 7t ok L
% 7haFe] Wl skl o 5% olske] i yER
o2 gAddzake] S Eadzle] 24l A 4
S vAA o= Ao e,

Fig. 55 CNG €483} wE dAEAS ekl
Aotk AdY ¢ EA-S BAA 7] BTDC 16°CAA]

flr 2

ot
Al

tjo

=
5]
%S

TR

SKe)
=

4

e

[\

AL A12KSOI, Start Of Injection)® % <F BTDC
4°CA F-ollA FAe gedso] dojwon, £4

80%°ll A €Y _.,]"lﬁgﬂﬂo] b =4 UERge 3
le=]

%ﬂOﬂE%}% 7Rl Hlof 4=

& URE BAA 77w

A e ARk <A

o B3k A9y Aot EaE 80%AM 7 =

UERFA|gE CNG A4 7bell A o] o

ARl eG4 Qleh
AQl Ax5AS Awnr] 98 Fig. 63} Fig. 7

| AYALEMFB)} o] & Mo A HobA

717F 2 2717+ 247 etk MFBL: Al 1

oA WSl do] WEHE FE olddto] AR

80 85 90
Substitution rate [%)]

Fig. 4. COVimep characteristics according to CNG

substitution rate

T T
CNG Substitution rate [%] i
150 80----85--- . 200

90

Cylinder pressure [bar]

SOI BTDC 16°

Heat release rate [kJ/m*/deg]

-30 -20 -10 0 10 20 30 40
Crank angle [CAD]
Fig. 5. Combustion characteristics according to CNG
substitution rate

e

TE gotale AR, it oz
AR 7| 25 i A87} 10% d4HE MFB 107}
181441717k, MFB 10914 MFB 9071412 <14
2 A3t £48 o] Z7}8H42 CNG A8
23h7] el 25kA] 7]
*Ezﬂfc' MFB 104

e

B
N

oM b
d A

o >
1 = ol 3
N OLN >
—
ok
N,
¢ lo
it
=2
ox
i)
X2 4
o
_ﬂ

=2
R

44z 3 ro AL

of
-

F

A ?ﬁiﬂ*&%ﬂ} 1zt 4r41°§%%gol Ay
® MFB 90 A4e] 45 80% £
]H ok 2~3°CA 7]_ olbl—ﬁxq d
® 3~5°CE golAlE As gl

¥ e

=2
=
:OII:I
©
S
>
5
o i



T T T
60 CNG Substitution rate [%]
=<+ Inj_Timing --0-- MFB 10
- --MFB50 --O--MFB90
o 40|
3
= O=-mmmmmmmeee B O LT T e
© @ ©
2 20
<
X
§ O R O et -0
(@] I .
0 o o i o
ol R R o
1 1 1
80 85 90

Substitution rate [%)]
Fig. 6. Relationship between combustion duration and
MFB points according to CNG substitution rate

50 T T T

CNG Substitution rate [%]
Ignition delay Combustion duration

N
o

w
o
T

Crank angle for duration [CAD]
N
o
T

[y
o
T

80 85 90

Substitution rate [%]
Fig. 7. Characteristics of ignition and combustion
duration according to CNG substitution rate

A= AR AtE. oyt e Ay Ead
Wste] i ALSAE uEsRE W, E4ae] wE
tAd g el o]z Qlaf WAYsh= st qA R 34
W H Ao Aol ARIHe] Hagke B IwEEl
FEFE MAAE o) gt e Axle] AT Ael=
AR JFE MAA B AoE AdE o= A&
POl M BRI = Rl or, Eade] mE di-9
AEEI B0 s ygAdRe] 2AM7] H A sy
22ENET UskE 3 TARAl0IS o] &ato] HAa
shek = SlS Aem ddhEni{4][5]

Fig. 82 CNG &4&o| w2 v|&== THCS CH,

E4L yehd Aot} 1 A% THCS CH, =%

ago] S7Hgtel wet W& o] 48 80% Y el
7 o

ol

= 3
| E48 90%°lA ZHzh oF 21.5%9) 22.8% HER 2

z

yu

H

=
=4

705

4000

3800 -

3600 -

3400 -

THC [ppmC]

3200 -

3000 -

80 85

90

Substitution rate [%]

3600

3400

3200

. [ppmC]

3000 &

2800

2600

Fig. 8. Effects of CNG substitution rate on THC and

CH, emission

1900

1850 -

[

<9

o

o
T

NOx [ppm]
[
]
a
o
T

1700 -

1650 -

80 85
Substitution rate [%)]

90

Fig. 9. Effects of CNG substitution rate on NOx emission

A AdgemA A
o] dAES & & U



FrArely|&ekel e A8 A5E, 2017

@

@

@

4

5

(11

[

31

(41

4, 8=
Aol = YA-CNG E44do|- CNG E4&
e 2 dx EAS uFZE Ay gs3)

) CNG &gl

o] oA

)

<
m
vs)
=
o
N
o)
{o
oM,
o
=
{
N
o
>
o
=
1o,
u
N
24
s

Holxl %AW, MFB 90 #4¢] 74
90%¢l1 4] ¢k 2~3°CA 7} A

)

)

References

C. Schwarz, E. Schunemann, B. Durst, J. Fischer, A.
Witt, “Potentials of the spray-guided BMW DI
Combustion System”, SAE, 2008-01-1285, 2008.

DOI: http://doi.org/10.4271/2006-01-1265

H. T. Kim, J. G. Park, Y. J. Kim, “Technology
development trend of shale gas and oil”, Journal of the
KSME, Vol. 54, No. 11, pp. 46-51, 2014.

D. S. Oh, J. W. Sung, S. J. Lee, “The application and
development of the evaluation indicators in accordance
with the planning stages of low-carbon city”, Journal of
the Korean Academia-Industrial cooperation Society,
Vol. 14. No. 9, pp. 4560-4571, 2013.

DOI: http://doi.org/10.5762/KAIS.2013.14.9.4560

Y. R. Kim, H. J. Jang, C. G. Kim, “Effects of CNG
heating value on combustion characteristics of a
diesel-CNG dual-fuel engine,” KIGAS, Vol. 19, No. 6,
pp. 28-33, 2015.

706

5

—

(6]

(7]

8]

(9]

[10]

DOI: http://doi.org/10.7842/kigas.2015.19.6.28

H. J. Jang, J. K Yoon, S. Y. Lee, Y. R. Kim, J. H. Kim
and C. G. Kim, “Effect of CNG heating value variations
on emissions characteristics in a diesel-CNG dual-fuel
engine”, KIGAS, Vol. 21, No. 6, pp. 43-49, 2016.
DOI: https://doi.org/10.7842/kigas.2016.20.6.43

C. W. Park, S. H. Park, Y. G. Lee, C. G. Kim, S. Y.
Lee and Y. Moriyoshi, “Performance and emission
characteristics of a Sl engine fueled by low calorific bio
gas blended with hydrogen”, International Journal of
Hydrogen Energy, Vol. 36, No. 16, pp. 10080-10088,
2011.

DOI: https://doi.org/10.1016/].ijhydene.2011.05.018

B. J. Jun, M. H. Park, “An experimental study on engine
performance of LPG/gasoline bi-fuel”, Journal of the
Korean Academia -Industrial cooperation Society, Vol.
10, No. 7, pp. 1433-1438, 2009.

Wagemakers A. M. L. M, Leermakers C. A. J, “Review
on the effects of dual-fuel operation, using diesel and
gaseous fuels, on emissions and performance”, SAE,
2012-01-0869, 2012.

DOI: http://doi.org/10.4271/2012-01-0869

O. T. Lim, “Study on performance and emission
characteristics of CNG/diesel dual-fuel engine”, KSME,
Vol. 35, No. 9, pp. 869-874, 2011.

DOI: https://doi.org/10.3795/ksme-h.2011.35.9.869

G. H. Choi, O. T. Lim, “The Engine Performance and
emission characteristics of CNG/Diesel dual-fuel engine
by CNG mixing ratio,” KSAE, Vol. 19, No. 3, pp 38-43,
2011.

X}
(=]

& Z(Hyeong-Jun Jang) (=3¢

¢2015d 29 @ JpEdista 7 A-A
SAEet} (38t

02017 2¢¥ ~ @Al JPddEta
skl 71AE st (F3HAAD

<HAFop>
dfAgs, War|



NG B4& Woe] e PR 5 L A 4o Bt 7
0| A H(Sun-Youp Lee) [(Hal®] Y F StongHan Lim) =B

02006 2¢¥ : Stanford University
71AEE (F3HAL
02008 3€ ~ A :

T-A(KIMM)

A=71AA

019863 29 : A3 igta g
NN AE =} (FFAAD

©1992'd 8¢ : A3 hga e
71 A (FshakAp

0199543 3Y ~ WH
AN AZs w

7pd et

<¥AEop> <gA] Fok>
W7l AHAT, AT
d & 7|(Chang-Gi Kim) (%32 T(un-Kyu Yoon) [R3)9]

P 019994 29 KAIST 7171338)7}
(&3
©2000% 3¢ ~ @Al : F=TIAA
A(KIMM)
<#ilEok
7]
Z A PH(Jeong-Kwon Cho) [X3]¢)]
02002\ 29 : A 7)AF
St (AL
©2016'd 89 : ZPxIthstal kel
71A1 g3} (5 3HAR
01993 3¢ ~ AA| @ WEMAF
o
<ok
W7, Asaks st

707

01987\d 8¢ : At thakgd
71AE S (F3HAAD

02001 2€ : WAL
Z1AES (FSAY

©1996'd 3¢ ~ dA : 7pEdEty
AN AZst= w

et

k



