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Analysis of Mechanism causing UHC Emissions
from Natural Gas Engines
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Lean burn operation is. often used for improving the efficiency of CNG engines. However, as a draw
back, this method leads to a higher emission of Unburned Hydrocarbons, UHC, compared to stoichiometric
combustion. In order to gain a better understanding of what is causing the higher UHC emission at lean
burn condition, engine experiments have been carried out on- a four-cylinder natural gas fueled SI
engine. The concentration of UHC in the exhaust manifold and the HC concentration in the vicinity of
the spark plug have been measured during the experiments using a Fast Response FID analyzer. The trend
of the UHC concentration in exhaust manifold is analyzed and some parameters that affect UHC emissions
are pointed out.
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Fig.1 Schematic of the applied fast response FID

Table 1 Engine Specifications

Bore X Stroke 108 mm x 126 mm
Compression ratio 12.5:1
Valves per cylinder 2

Number of cylinders 4
Exhaust valve opens 124 ° ATDC
Exhaust valve closes 374 ° ATDC
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Exhaust valve

Sample probe valve

Sample point

Fig.2 Drawing showing the position at which sample gas

is taken out from‘thc exhaust manifold

Fig.3 Location of the sample point for in-cylinder FFID

measurements
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Fig.4 Unburned hydrocarbon, NOx and CO emissions with

various air excess ratios
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Fig.5 UHC-time history measured in the exhaust manifold
(r=1.25)
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Fig.6 FFID traces measured in the exhaust manifold at
different excesses of air
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Fig.7 Consecutive FFID traces sampled in the exhaust
manifold (A=1.70)
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Fig.8 Manifold UHC traces measured at different at Ignition

timing
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Fig.10 NOx, CO and THC emissions with various ignition
timing( A =1.45)
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Fig.11 In-cylinder HC-time history measured near the spark
plug (A=1.25)

/X UHC 2MEL 22 o7 L B3 .

KR A -5 deg ATDC 735 -35 deg ATDC (2% 4k
KR ED, w=Fh—/L FKFOUHC 2 HIE L7 fE 8
ZESITRYT. ZOEBRITL=1.45TfTo7z. K9
R L IR P13 -35 deg ATDC Tl KR
BT, LMo TRAIBALY RKNHZEDLE
oA, BYOERITRORERZEMEELZ LTk
BN, T OmmiRRE SISt 1T S (b A (RdE T
AlEZ NS, LIEN-THSIRT L IIZ, RK
OB BEPEE ANV T RV EROUHC D% D
AR EKEHBRENES LV R b D b

SERELAEELLH




A, AR BNDIC Lieh o T, PR D200
deg ATDC3ITf% CTUHC D#EEMME < 7= BRI A E <
A THULEKERELE S LRSI 0 =NIRRE
BRI ZEICLVBIATES. Thbbs Ly
D B E T2 < DORBRIAEL DS HRIR 2R IR ClE
fbEhadZ &L 2EWT 5. Mol s kG E2Ebad
Y& O HC, €0, NO x OFEHEHA 7R3, mAkEED
V7254 NO x X RIBIERFTRE T 5 23 CO, HCIZ—
VRS T LNz s U AW 23 % 2 MBI £ - T
5. ZOB&ELELT—HE LTS TR LN
BER R ORI FE LTS L Bbis, R—7
75 FIEEC BT RN IRAL AR EERIE ZFFIDT
B otk RERLILICRT. A =1. 25 D%k ClEt
15350 4 ZVDEETHDH. MEERNOENZE(L
&0, BRI v T A 2 BT B AR
R ORERERITY L FALERDOT v FRY 2— 512 &
BEBNAMIE L TRV, FHRIC X iud sk R i
D28 degit < (MY T 5. IR &L 5 ICEFKANIR
RO ZEZIRBHE AR L IR W A L DIRAR D RILAKTE
BEZRT. LIZbL#%, RKT 7 7 CRIENRRBET
% & RACAKFEIE DRI T 5, Zhuidsbie kR
R u— 7 e A i U, BRISEAE R O B T S
7Ol REAKFRREIXIFEALEEniZs L Bbhb.
T OBBBEPHETNCHONT Y VERIZHE LT\ R
EAFES B SN TRILKRIRENEL 2 5.

4. RACKFREETEI O
YA 7N T L ORALKESHOMR A RS DI
B2 DY A 7 NI 1T D RBRIRILAK R DM % L
TR AEE - THE L.

rVC

1 —dM
Xowe = M j 7d9 (‘9)‘XUH{.‘,.'«"FM}(B) de ( 1 )

EVO
TIT, 07T 7A, EVO;HERSATRRREED

S u/, EVC, BER VT D 2 S o, M v
YV F—NER, g 777 AT EORBRIR
LAKFIEE, THDH. dM/d 6 (0) [FREEAND
ORBEME T & T
ZOWMNERETT AT OICET L AER LT, 12
WA D LR LT L O/MEE TR ANT
PR AN TR BELERENBEELHE L RERT. £
TR, FEPAZERR AL, RERSF RN D

Report of NT.S.ELL. No.2

B ,

6 Non-choked critical flow
Choked

4 Non-critical flow

dm / [mg./CAD]
[y]

(

2 - : : ‘ ‘

100 150 200 250 300 350 400
CAD ATDC

Fig.12 Calculated flow rate of products through the exhaust
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Fig.17 The UHC emission versus the maximum mass fraction
burned A=1.10
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Fig.19 IMEP and UHC emission from consecutive cycles
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FFID measurements for consecutive cycles (A=1.55)
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