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Improvement of CNG-Air Mixture Formation for High Combustion Efficiency
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Yuichi TAKEMURA Minoru WADA Takeshi MIZOBUCHI Masaaki KONO

CNG (Compressed Natural Gas) has been attracting increasing attention in the automotive industry as a petroleum
alternative fuel because of its low CO2 and toxic emissions. However, when CNG is used in current vehicle
engines, it causes a critical problem of a short cruising distance due to the low thermal efficiency of the CNG
engine. This paper presents our research to improve the thermal efficiency of a CNG engine by homogenizing the
mixture formation of CNG and air. The data of our initial engine test results and CFD (Computational Fluid
Dynamics) simulations have shown that the turbulence in the cylinder was insufficient to mix CNG and air
homogeneously. From analysis of this data, we have verified that technology mixing CNG and air in the intake
port was a key element to realize homogeneous mixture formation in the cylinder and improve the thermal
efficiency of CNG engines. Finally, we found that the thermal efficiency was improved by spreading the surface
area of the diffused volume of the CNG injection jet.
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Fig. 1 Schematic of test engine system
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Fig. 2 Effect of fuel-air equivalence ratio

22 BRF— FMEHRFGETTOI Y AR
KIZ, —#eH % CNGH & Bk, K— MEHZEATO
BB X O RG & bk L 7. 2 Of% R % Fig. 8
WRT. RS RTEHAM & R U & L, PEZepAbL
THHA/F=168Tilifn L7z, T/, WHFEIITV
1) ©=03MPa, CNG= 05MPak L7:. &M %k
L7286, PRLAZEMRIEIC BT BCNGOERRIZ AV Y
VR EMD ZE R TEARDS, KRG TIRIZIZRE
Feholz, PFRE A Z KT AL, THCIEA V) ¥
IDEVL 00, OHEHRIZZ L, BBETHE SN
BT OO AREERBEIC L VB L X FHEH ST
Wb EEZOLNL. COb, BETOREILFEDER
B EEIIEA Y ) LI L21% DR D 5
7%, RERII%DEIZE LT 5.
MIEHOMRBER 2 52 LRl R 2 ERT 5 &,
CNGIZ# VY 2L, AR — MRS & T Cidi
BERADPARERIRBIC > TBY, MBERIRIELL
TwbeEZO6N5. 22T, CNGOWEMM LI
7RISR TR IS DO W T R E THRE T 5.

TryI—=Tr7=ANVL¥a— Vol 19 2014

| 800, S5, AFSIEE |

F i — &

i i Wr - = O Disaine

£ tEW B CHG

& =g

.' ‘3 “ E:l

=iEh =

: g i rl

5 "

rl—-EI:I x 0 |_L
Uuschie M G THG

Fig. 3 Performance comparison between CNG and
gasoline (port injection)
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Fig. 4 Engine model for CFD simulation
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Fig. 5 Analysis conditions (effect of fuel volume and
position)
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Fig. 6 Analysis conditions (effect of fuel distribution
balance between two intake ports)
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Fig. 7 Effect of fuel supply period
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Fig. 8 Effect of fuel distribution balance between two
intake ports

3.2 EATHEMREECE BBERAEOKRE
R ORER LY, REKIGEERN LD 720121305k
R— PNTHRE L ZROBEEEREL, BEXALILL
BT A ENERETHLI 2RIz, ZODIC
&, WS N BRERDSR R IR S, T 2
APRELICNYATNLUEND L. FilFEH
AT 5B, I, CNGHA V=78 h 5
WEHF & 72 CNGRE 28 8) % CEDFENTIZ & 0 047 L 72,
ZO#REFig. OIT/RT . MESHEIZ050MPa, FRPASIE
BARFEE L7z, MOKEIZY o) —L VT Lz
EWMRETTH Y, FHITRTCEDRMTRRIE, Bz
DOREFITE TS, AERLD, CNGEIEOH
DB IR O IR BT L TB Y, 2R EDRE
IR ARG TLAE L Tw Ry, 2, # A
TIEBRE O VR RIRTH L LTz, /X
VhbERL EOEE (F700m/s) THFFSIND
& T B ORI X 0 MR A U, W IS
FlEFESONLERUC L o TRE O E S B
72OTHAH. DX, CNGEZROBREZIRET S
72®ITIE, WRRER A BN S &, 2R & oH iR



BWRTHUENDHLEEZOND.
WA 2 ) L § 2 FB & LT, BATFIY IS
oS B i, SRR A N TR & R
T 5 HEENBTFOND A, Kl <, WMHHIM%E
BT 2 Hizaplice ), Z2oxit% CED#NTIC &
DAREE L 7z, Table 212/R9 X 912, WAHRE LK T
MG A RIML S 207k LT, SmSHE TR
JLHiRE 2 M/ 2856 L, SEESLTE AR CRESHE D) % K
TERLGEONIT, FH—HhED ) ORERAAN
DZEEIY AAE % IR L7z, Fig. 10128 50 O Wit
K%, Fig. 1112 R MR 1203 % B N o 225 &
AT, I CHERERIBIIEROBESAMICB VT
VEHOITHENIFERMOMMBEE L, Z=5ID AR
HIZZOWNEBICEEN LKL L.

Table 2 Static flow rate in each injection condition
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Fig. 9 CNG jet shape
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Fig. 10 (CFD) CNG jet shapes in each injection
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Fig. 11 (CFD) Air quantity in CNG jet

4. I>T UEBTMEER
B E CUOMGE LB FR O R 2R T %
7o, T Y FERIC TERYERYER R & MGE L 7.
PSR, ShE e, MiEE1600rpm,
V7 55NmE L7z, F 7z, MG o R m LR
& LT, WEEH05MPalzxt L, KHESHEL (0.1MPa)
R EEHE A RELASA L, A v V225D
eSS AR — N IR 2 5E5T ¥ 75 &
HO AR, SATAi R A IR T 2 & R
R — N OBEHE ) OB Z 5 725G D385 —
Y CEHMi 24T - 72

STA 5 5 % Fig. 1238 X O°Fig. 13127179, WEEE D
05MPalzxf L, 01MPaZ THEE(LLAZ LT, O
Hif 3B X OCOPFI mAMRI L, ZARFH31.8% 3 L
7z MW A 2T EI L 22 ST b Ao W 2R
L, WEHRERAEEZH - TAT Y bV EfED SR

156



157

R L7224 2 e S 7z,

P EokEH» 5, CNGT Y Y v DtkfgiE, WK —
P OREMIE T ISR & B A 2T, SRR o
72 DIITREHER O R 2 LK L CTRAR L OREE
RAEL, WRR— PNOXWEMZN L3452 & HE
HThbLI EDnhoTz.

| 1800peT. S5hm AIF=168

L r

4 0.3

£ a0

= 5

5 20

- Mesmal porl Levmerog Fael Corrching Tusd p=i
injissticn CIBGEIne

Fig. 12 Comparison of thermal efficiency among CNG
injection jet types
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Fig. 13 Discharged amount comparison of exhaust gas
components among CNG injection jet types
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