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Abstract: The performance and emission characteristics of a CNG (compressed natural gas) engine were experimentally
investigated under different natural gas compositions. The engine specifications were as follows: 6606 cc, turbo,
lean-burn-type; its ignition timing was fixed for the fuel gas with a HHV (higher heating value) of 10454 keal/Nm’. The
experimental results showed that when the HHV of the fuel gas was changed from 10454 keal/Nm® to 9811 keal/Nm® and
9523 kcal/Nm3, the average power reductions were 3.2 % and 3.4 % (1.5 % and 2.1 %, respectively, with A/F control
switched off), respectively, and the average thermal-efficiency reductions were 1.1 % and 1.5 % (1.5 % and 2.1%,
respectively, with A/F control switched off), respectively. The emissions of CO,, CO, and NOx decreased as the HHV of
the fuel gas was lowered. On the other hand, the emissions of THC (total hydrocarbon) were not consistent, and the extent
of change in their emissions was small.
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Table 1 Isentropic exponent and Wobbe index of
air/fuel gas mixture with gas

Composition (mol %)
Component
Gas A Gas B Gas C
CH,4 90.80 97.0 100.0
C,Hs 5.85 2.0 -
GHg 2.06 1.0 -
iCqHyo 0.53 - -
nC4H10 056 - -
Na 0.20 - -
HHV' , MJ/Nm® 43.769 41.075 39.872
(kcal/NmS) (10454) (9811) (9523)
Specific gravity 0.6204 0.5743 0.5549
Theoretical air to
fuel ratio (vol) 10.45 9.81 9.52
. fuel 1.2485 1.2670 1.2757
Isentropic
exponent| tambda=| - 3909 1.3915 1.3919
Wobbe index of
air/fuel mixture 1.0 0.9983 0.9974
lambda at 1.5

T Higher heating value ; reference temperature for cormbustion/volume is 150 C
* Condition is 11 bar(abs), 100 C
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Table 2 Specification of CNG engine

Item Diesel engine CNG engine
Model HMC D6DA HMC D6DA
T 6 cylinder, In-line, 6 cylinder,
ype OHC In-line, OHC
Displacement 6606 cc 6606 cc
Firing order 1-4-2-6-3-5 1-4-2-6-3-5
Compression 176 ¢ 1 11
ratio
Aspiration Air cooling T/C | Air cooling T/C

Shape of piston
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Table 3 The physical properties of test gases
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Table 5 Power of CNG engine with gas

Properties
Gas A Gas B Gas C Power Deviation(%),
HHV', MJ/Nm’ |  43.769 41.075 39.872 rpm (x/GasA-1)*100
(kcal/Nm) (10454) (9811) (9523) Gas A Gas B Gas C
HHV, MJ/kg 54.564 55.340 55.573 1000 57.8 kW 3.7 5.0
Wobbe Index 55.568 54.194 53.525 1500 97.6 kW -2.6 -3.1
Methane number 74.4 89.8 100.0 2000 131.3 kW 3.2 4.1
——e 2500 158.4 kW 3.3 4.7
eactive 3.7657 3.9231 4.0000 Average 3.2 42
ratio(atom)

Table 4 The condition of test

Engine speed 1000, 1500, 2000, 2500 rpm

Load WOT(Wide Open Throttle)
Excess air ratio, | For 1000, 1500, 2000, 2500 rpm,
lambda 1.353, 1.379, 1.467, 1.518 respectively

Ignition timing| Optimum tuning for Gas A only

3.%

QAst7] 99

ol %]: ul—oﬂ
|

[¢]

= J

w2 A s wate] Hds
7He Ag 724 LNG HA
It TfAFAo|th AY A3
& Gas B= KOLAS OJ 7] 3ol A
03 %wo® AFsSIL Gas CE TE 99.95
o] wgto] ALE-% S D} Table 39|+ 7} A7}~
o] EAo] 71&Ho] dEd WEskE Kubesh”
g AR YA EA4LS I1SO 69760 U}
2} AlLtskgic.

Ao 2Q%HE B, C 7F29 A8 AHEHS
ALz 37 e AR gEL AJ#‘EE ONG
Gas AR 331 <dZlo] ¢AEH B, C 722 L
AsHz Wale AFESISITE Table 401 2E =%
o] @ ofsof O‘btﬂ T—S]' Z7& WOT (Wide

&
>
=

L
0
o]y

=
EE o

o
s 53

Jﬁ."l mE

IS T i O

S

3t =76l Nfﬂo}om 017; 3| = ofel=

Y I AFRT oFF FE 1000 rppme AFHH o=
3o 1500, 2000 rppm LE]3l Ho] Eo] Yo
2500 pme = F 4 FRIECIH Hui(Edn) Al

AA(HA7F AF=F RAMA)O = 4 E<Q)
e ARAsklaL,  H AlojAldl=
o] 3H4 1000 rpm WSS 3redske] 1000, 1500
rpmol| A RF A Edh g Aol ECU 93
KK-d7)s 2= AREstion <Azl 3o
weh 1.353~1.518 W9 ghs zZtevh HA A3
A7IE A FE7EE)] Gas Aol B o
Gas B, Col tiafix= HstAI7] 245 aHA &%t

[e]

(b) Lambda control= OFF

Power Deviation(%),

rpm (x/GasA-1)*100
Gas A Gas B Gas C
1000 58.9 kW -3.7 -5.7
1500 99.3 kW -3.1 -3.7
Average -3.4 -4.7
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Table 6 Lambda value under test condition

——
rpm Lambda (BEE:X??)(*/i]Z)’o
Gas A Gas B Gas C
1000 1.353 -0.2/-0.8" -0.2/0.0"
1500 1.397 -0.2/1.2" -0.2/0.0"
2000 1.467 0.4 0.3
2500 1518 0.1 0.0

T Lambda control is OFF

Table 7 Heat input under test condition

. Deviation(%),
rpm Heat input (x/GasA-1)*100
Gas A Gas B Gas C
1000 595.3 MJ/h 1.59 1.91
1014.7
1500 0.68 1.33
MJ/h
1419.0
2000 -0.72 -0.93
MJ/h
1772.2
2500 -0.76 -1.17
MJ/h
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Table 8 Thermal efficiency of CNG engine with gas
(a) Lambda control = ON

Thermal Deviation(% point)
pm efficiency (x-Gas A)
Gas A Gas B Gas C
1000 349 % -1.8 -2.3
1500 34.6 % -1.1 -1.5
2000 333 % -0.7 -1.1
2500 322 % -0.8 -1.1
Average -1.1 -1.5

(b) Lambda control= OFF

Thermal Deviation(% point)
pm efficiency (x-Gas A)
Gas A Gas B Gas C
1000 35.0 % -1.8 -2.5
1500 347 % -1.2 -1.7
Average -1.5 -2.1

i

o

Ht kol OM 1000 rpmol A 2] da&
1.8, 2.5 % XRIEC 4T Ao= H
LNG uLodakO] /‘L:]oﬂ 74;‘4 ij].zqoi
04 427 MJ/Nm’(10200 Nm )W e| = =3 st
2 AWE=d NGV A foe 2ds A 0}01
el go] AR F Zlo|a A WA FUE
Hla A el FAE AoR Holx ot dH
3 XS] Agole &8 o] vy A3 1l
A F717F HHT A7 ool Az g8 A5k
FUlew FAHE HNI|E =43 & A
o= Hlth

10 B od ot 2
QL ot o ol

=

fol

42 HYZ| 7t~
Fig. 2~Fig. 5% Gas A, B, Col djal] sz g4
F AR Wb FEE wad Aotk o171
Bk Ao FRE pEsle] YA e RS
2} Ao WE wjrkA % xpol7F A yEr
U] gol AR A5 HE vyt RS BT
ZA8 g} 2oj Ao u ey Qo).
AA o] 2k shel 4 (C0O5) 8 DAFEEA(CO) F =

= 23 HH Gas A UH] B, C7F29 W& =
7V B fasteE AS #Ed 4 9l Gas B,
C9 CO;, AAasle Aruteroz Aika o2
TaEl 1.8, 2.7 %9 A FAMES & 7 AL
o]Z5E Gas B, C9 A4 A7} Gas Aol H] 3
o3ty X e HAoE FAHI £t 1g



754 &9 - o4 -

9.0

—Gas A

8.5 ——GasB
> [ Tm=————___ R
GO T e ~ GasC
- RN
o T~
> 80 T~

<

~ ST -
Q IEEENE S
o ST

7.5 ]

7.0

1000 1500 2000 2500

Engine speed(rmp)

Fig. 2 Emission concentration of CO, with gas

600

—Gas A

500 ——-GasB

200 -
1000 1500 2000 2500

Engine speed(rpm)

Fig. 3 Emission concentration of CO with gas

2500

—Gas A
2000 ——GasB
= T~ --- GasC
51500 e Tt~
Q. RN
= N
X 1000 IR
[©] NG
P-4 U
N
TN
500 Nmmmo————
0 ‘
1000 1500 2000 2500

Engine speed(rmp)
Fig. 4 Emission concentration of NOx with gas

1800

—GasA

1600

1400

THC(ppmC)

1200

1000

1000 1500 2000 2500
Engine speed(rpm)

Fig. 5 Emission concentration of THC with gas

AR - 0%

N

[e]

Table 9 Incomplete combustion quotient with gas

CO/CO,
rpm
Gas A Gas B Gas C
1000 0.046 0.046 0.044
1500 0.046 0.046 0.046
2000 0.057 0.055 0.052
2500 0.063 0.058 0.056
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