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Study of Combustion Characteristics of Compressed Natural Gas as Automotive Fuel
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ABSTRACT

Some test results of CNG (Compressed Natural
Gas) fueled vehicle have already been reported
by gas companies, but they say little about the
qualification of CNG for automotive fuel.

This paper reports on the combustion
characteristics of CNG and establishes its
qualification for alternative fuel and for clean fuel.

CNG has many advantages when used in
automotive engines. Since it comes as gas, it has
higher octane number and allows a leaner burning
than gasoline.

Under designs specially created to take
advantage of CNG, an unique engine system was
achieved which would not have been realized with
gasoline fuel.

CNG has some demerits, however, such as
decrease in power, poor component durability,
and short driving range by one tankfull. Thus its
study should be continued to establish CNG as
automotive fuel.
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MG EN D I AL P = 7 & TIREAERE & B
WCKEAZES T 2720, KO, 0> 72 bo—
7%%%&&D\mﬁﬁ%ﬁiéﬁéﬁ%f BRE) T
ZAED 12V 55 TV IEHS 572004 > Y2y Table 1 Honda NGV Specifications
HEBEAIE R ITANEZHRAL T2 (Fig.2 —®),
IyTray bua—VRE GEROTV) LTy ENGINE Honda NGV Base Car
S LT, VAT ADMRLAN., EHEMED Type ;;'?Lf;::g‘;m-“"w —
TR AdD k2 TV TF AT 2y a vy A R.l:}plaoemem 4156
FADWMIZE Y HER T A LNV D X 2 A ey e o =
WHeEE oz, (kwirpm)
Max Torque
(N mvrpm) 160.7 / 4500 186.2 / 4000
22. EE#T g:::)pression 88:1 g
Ry ¥ NGV OFE% Table 1 1IIRT . =T R T
IR S 2
DN=FI7TT7IE AT EAEETLTELTWEAR. E rT—— T
WL SNVT I A I TSR RES V) YYD Fuel System Programmed Programmed
Gas Injection Fuel Injection
FECThHo, TOML, =D VI AN, BIIREREICD Programmed
TR0, IR IZOVTIE, CNG 4 ¥ 7 & LTl e S - .
F=DOT IV T4 F FRPGEMEEILT T AF v 7))y v lagi Two Catalytic Underfloor
- 717 (BAESRL 77 V7MY gy":‘?r’:ns Control - Gonverters Catalytic
L TBVBELZK>TWD00, 7 v 7 [H%E and EGR Converter and EGR
. N g . Compressed :
FIHE D7 Z v bR 1T 72720128 28kg DI Fuel Type Nafural Gas Gasoline
ez o7z DRIVETRAIN
SRR L. R JI T 1IKW (15PS) | ek b v Type Front-Wheel Drive -
7T 255N m (246kg' mOETFTELZ-TBY, 25D Transmission 4-Speed Automatic =~ -<——
SN O W CIIURIHIZ TR T o Final Drive Ratio 4.29 -~
OTHERS
Required Engine ¢
C e oil tandard 5W-30 -
3. I HEAEE . — .
. Fuel Capacity 2 Tanks) 60 liters
3.1, HAEH Fuel Pressure 186
S 72T Y Y OHIIHHER | Fig. 8 128, ERTHIG )
- Curb Weight 1354 1326
CNG ZREL & LA, st T12%., ek v (kg)

7 TI3% DT ER -7z 2D EED A/F(ZHRIL)
1Z. CNG=16.8( 1 : 2240z =10), 7V 1) » =125( 1
=085) T bo HV ) ¥ DIRBETIE, BlFmZ2IR LA
DEJEHEB R L o TP T T 5720, A/F AT
W 7 FEIE T A B IR AT D, 2
25 L. CNG 2 80EF & L 7235 8 3 BIER 2SR AT T o %k
BEREAME < | BURIE R D 2\ 720 | Fig. 412
RT LIS A =10 R TR WIDE L B,

CNG &7V ) vo Vo R s v Y VKRR T
DMy #EFAR L, 1500rpm EIFIEEFT V) vy
VU EMETH D, THULCNG OF 7 ¥ ilidFEF I

EMISSIONS TARGETS -

LOW EMISSION VEHICLE (LEV) STANDARDS

NMOG

(non-methane 0.075 9/ mile
organic gases)

co 3.4 9/ mile
NOx 0.2 9/ mile
HCHO ;
(formaldehyde)  1° Mg/ mike
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Fig. 3 Engine Power of CNG and Gasoline
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Fig. 4 Relationship between CNG
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Table 2 Comparison of Calorific Values Table 3 Increase of Molecular Number
between CNG and Gasoline by Combustion
Fuel CNG (Methana) Gasoline CNG,“Gasoline Ratio Fuel CNG (Methane) Gasclne CNG.“Gasdline Ratic

Stoichiomatric ; CHas20248N: CrHis+ 1107+ 44N,
Mixture ch'mF 17.2:1 1471 S Before combustion | ™7y dhola ) M rss mole ) : —

(A : Fuel) CO2+2H70+8MN2 | 7C02+BH20+ 44Nz
Mixture Weight e oy B After combustion | ™41 male ) (59 mode ) s
Calorific Value ;:l/ll el " 59
Unit Weight of Fuel 11,800 10,500 +13.3% ‘,f.:‘;";::::" o % -1 A

(kcal /kg)
Calorific Value of :
ww‘wmm}" (ngoos:s.z.; 1105005;15.?-} g

(kcal~kg) - - o ) Ly i+
C.L‘“!DGEWMM- (554)('—21‘-} (669)(-1&-! Z 2T, Do = &ﬁiﬁﬁ/%%ﬁﬂ&u@_%ﬂiﬁ@gﬁ

ume of Mixture 1000 1000 -116%
ikeal/ ) o8t 0917 v, = MBIk % G % RS O 1R A

M, COFRMETIE, EEMICCNG 2 28~ 100% & L
TWAHD, lHEO CNGIZIZ LY B LT a3 V&0
TEINTBY ., COEINSL DB EER D,

34. BIEFIEOEINEELOTE

512, HETOEKE LT, Table 312773912
PRBEIZ K 2 ENEEIMOEENEZ 55, CNG(R ¥
V) DBRBEERIZIZ, 1LELVD A VIZHTLT2ELD O,
PLIETH Y ZIUENZER R D 8 VD N, b A
PRBEZE S S5 BRBEFRIZ 1 EVD CO, & 2L
@ H,0 73k, NOx FEDERIE CO DENR & LT
LEMBELRIZOBHTELLEEZDE N, IZ8ELDE
FHD, COME, A Y Y OBEIIRSEORRE D 11 E
W DGFTDIEAE L BRBEIC & 2 VB O RIG FEAR M
570,

—Jis V) TIEEMRE AR IS B0, RENZ
S TE 100 08T 7 1 v (CHy) &5 &L Ak
WL TLEVIWEET A72012 11 FEVD O, BSLETH
0. ZIUAEE LT 44 VD N, DSBREEE N2 E N 5 o
PEERIE. TENVD CO, & 8ENVD H0 2K S, N,
Z 44 ENVDOE FIRD o MR RBERT O 56 IV SERBER:
159 B ERD ., 5%DENVEIEME %5,

CNG Tid AV ) w23t L78G. #95 % 5 E )V
BROMOEIIEL o072 F X 5o

3.5. BMEOLEELE (K) DFE
PRI BT BB IR I X B3 (W) ik, —f%IZRD
ATEREN L,

PoVo

K

(1—&"%) (5L K=x—-1)

Il
]

A
K = H#EL (c,/c.)

&

CNGoy (A% ) VY ¥ o DB E 22,
Ky=13
Ke=11
L L p, RA—EIRET 2 (PRBEL 0. Moo IHH <R
EMEITH) LRI Y U DIFEHMELIZ 88 THHDT,
FNENOHEFE RO D,
Wy = 160 pyv,
We = 195 pv, (——I - e
INA 5, CNG TOBRBE X 2 FHIE V) vzl
L, IBIIOER T 285 TH 18% A e EZ S
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DEoOFRGENHBLE N, BIRTE2HENTnL &
HEET %o
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#13~5deg ML TWEAHL, 7 & iV 720,
TV VARSI T MBT % g AT 5 2 &8
TEETH Do WV ) VOBEIE ) v v FOFEIZLD,
BOERKEE2SMBT LD K&V S —FL, XX D
MV & FEE &L 2 LRV IS, =0 Y UK
RIS TIE 2 DA EF L L RE PV DI oK &
o TWwWh,
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MIEEAEEB L v Wiz UL CNG L, KB O
REETHLE L7BEDTTTRE CH D L £ 2 H b,

4.2, BRGEH DOI%ET
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CNG &7V v OBRBER I B L ORBERE 12D T
Table 4 127796 CNG ORAIRBETIJIE A7V 1) i
PV o T MIOEEEMNITFT TS, L
L. 20152 % (Pmax fF#) & CNG 0034 7% <,
Bl %2 DY A 7 NV TORRBED L E L T 5 L HITH RS,
F 7 MRBEIH (10-90% EIRBEIH) 1£. CNG O#BED
BESEZFFICHLTBY ., V) 2 20% &<
7o TV A, KB CNG 235 < Bl o#5K
HEIZENT WL o 7o BBEE DS AT (dP/d
O)ZDOWTIE, FHLLEIZCNG 2B B U v
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Bbhd,

F BRI OB & Fig. 8 (IR T,
V)RR T DA BN 7 B I2 0V TR
HARGEZ R Y B AR C %2 %0 21K L CNG
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Table 4 Comparison of Combustion Chamber
Pressures and Combustion Periods

(40 kmv/Hr Cruise Condition )
10-90 % IG - END
Ignition - le

P max ‘
P max dP.dq n
Fuel deflection
(kPa) (kPa) (kPa/deg]| (deg.CA) Period Period

(deg.CA) (deg.CA)
CNG 1098 118 265 30.48 28.98 780
Gasoline | 1441 1255 500 32.36 23.61 730
CNG,
SM%| +1% | -47T% | +58% | -185% -64 %
Gasoline |

F3U KA CNGICEH L 7B OBRBERR A % FER2 L
720 WRBERED IMEP (7RI RIETT) 28 Bh=e & He ik |2
)= )y FIREE Fig. 9 1IRT, [d{—2 PV TH
VY U ERBERE LA ) - v IRFUE ) =12 BET
H 2D CNG Tlx 4 =16 fI F TIPS ZE L T o
PEREE SN TV LME L D HTIRAPLES T D DI,
PGM-GI ¥ A7 &2 & 2 & kG EE A EHIA I X 2 B
DEFEZ %o CNG TORFUEIR, DAY 1) > ) —>
NV IV DV THRESNTWD ) — VR (1 =15
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40 e
3
g
=
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e
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Fig. 7 MBT Characteristics of Vehicle Cruise
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DFFHIE LT, = ¥ VHEB T A DR & il
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Table 5 Comparison of Exhaust Emissions
between Gasoline and CNG

{2000 rpm WOT )
EImissmnsFual CNG Gasoline CNGg;.‘-“aosalirba
ASF 16.8 i 125 —
co 11 % 50% 78 %
HC 6‘2””'_"" 30609.::;:;1. -80 %
NOx 1234 p‘prn _ - _81 O_pprn_- +52 %
COz 109 % 1.9% 8%

NOx Z#IZHMLCTBY . HV ) ¥ O KA
MBT 226 K&EL VS — FEA) LTWH0IZx LT,
CNG Tid MBT 25% 52 FUKFH & 22 5 TW 2 ORI T
BB o AfF—EIRED CO, 12DV TITR & 235 S
NTVRVA, REEDZE L TB Y . F 7RO
WEPARESEOIE D 5 | EIEREN D 2 T E T
E— FETO XD 28413, CNG TOMRFENEDTIZK

1 CO:98% Reduction (2000rpm WOT)

16.8 (Stoichiometric) C»  23.0

CO (%)

4
: i
0

14 15 16 17 18 19 20 21 22 23 24 25 26 27

2 HC:12% Reduction
2000
1600
o
21200
2 800
400

14 15 16 17 18 19 20 21 22 23 24 25 26 27

3 NOx:51% Reduction

g 8

NOX (ppm)

[=]

1415161l718 192ﬂ21222ﬁ24252827

4 COz :21% Reduction

CO2 (%)
w

14 15 16 17 18 10 20 21 22 23 24 25 28 27
AlF

Influence of CNG Air-Fuel Ratio

on Exhaust Emissions

Fig. 11

Table 6 Temperature of Sleeves
between Cylinders

Te t c)
; Eitilhg emperature {
uel Part 1-2 2-3 3-4
Cylinder| Cylinder| Cylinder
Cylinder
. Head 153 158 162
Gasoline "c-‘;li-n-a-e-r ----------------- o e
Block 172 170 163
Cﬂ:’::’ 168 174 165
CNG B e R RS
ylinder
Block 189 191 206
Cylinder
on | Head | 1% | 1 | T
(Countermeasured) | Cylinder
Block 167 168 178
ERbOII B ETHEENS,

53. EEHHAILANI

HROTVAT AT A VY279 BLOPTF Y-
Fv =7 4 =)V FE TR OB CRELR D 0 | %
B A A OERAE % F U2 FHSHRD LAV TR
Vo (B LARIR T OMRBER EVER L VBT D12 & A &
AY U THLFELRERT DL FHPHN T A ORI
5 2 FZHCINMHC/NMOG) TOFERMEIE % ) K&
LEZHND,

6. SHED%RTRE
ARDT A b &FE L T BT, CNG 28 E L
WA OMEN Z VO Lz, 22 Tlk, 1 s
2OV 22 5.

6.1. YU 47Oy VHEBEENREELR
Table 6 |24 T AN LIy YDV ) y ¥ 70y
ZENEIRE R R OV vy Uy B L,
EMET3CT LSS o TBY) . Ay FHFAT v b
R ERTOTRELED D Do FEIZ, 7H Y 7 £y ROl
JEEDPRKEL ATV I T TS N X %
HEFED B %05 CNG TEZ ORI R IZ L A CHLS, =0
Ty ol LT Ty 7 MO HIEO R FASEEH S
n7z,

HWIELZIZBEE N TWAE CNG VI 1T AED
FC#y ) vy 7uy 72wz, Tz m
RETHREL TR WEEDPL ., ZO/HORE = ME
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ZEH > T nbDEBbNb, fEoTTIVIETT Y
7 DOIYY % CNG HIZiZH T A B2, WEIROUGE
IR RTH 5,
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~30C RBEmRLE > TV b, HHRADKE DMWY T2
WA EA MY BIXUOBEEOBEESE Z 5N,
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SNz,

Z OB BB BEE T b I IR i L WA
W& CNG LY ORRFHINTz > TE ME ORI
L b &0l LETH %o

No. | 12|33 | 45|67 |8 9] 10]11]12
263290312 | 200|243 |240)|270|263 |267 |253 | 220 | 235

248270284 | — (220|224 |258(248 | — |222| — | —
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Fig. 12 Piston Temperature of CNG Engine
and Gasoline Engine
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Fig. 13 Valve Seat Temperature of CNG
Engine and Gasoline Engine
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