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Cycle-by-cycle Variations of a DI Engine Fueled with Water
Emulsion Diesel and Oxygen Enriched Intake Air
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Abstract

The combustion characteristic and cycle-to-cycle variations of a DI engine using oxygen-enriched
intake air (the volume fraction of oxygen as follows:21% , 23% , 25% and 30% ) and water-diesel fuel
emulsions (the amount of water was 0% , 10% , 20% and 30% by volume) were investigated. In-
cylinder pressures of 20 combustion cycles and maximum pressures under economic speed and medium
load operation were recorded. Consequently, cycle-to-cycle variations of maximum pressures and
combustion characteristic were analyzed. The results reveal that, under the conditions of pure diesel,
with the increase of oxygen concentration, the maximum cylinder pressures increase, and the cyclic
variability of the maximum cylinder pressures and the ignition timing decrease. Using water emulsion
diesel, with the increase of volume fraction of water, the ignition timing increases, but it still decreases
with the oxygen concentration increasing. When the fraction of water is over 30% , the ignition delay
increases dramatically, the in-cylinder burning deteriorates, and the variations of maximum pressure grow.

Key words DI-diesel engine, Oxygen-enriched intake air, Oxygen-enriched combustion, Water

emulsion diesel, Cycle-by-cycle variation, Combustion characteristic

A SR e v 4 R T I 2 B AR L
sl K s AL MR B R P MR IR AL B R (A2 Al . S
FUAT, X PSR pt e R 2 b ieikihe P BA—-EIRKZ )G, WK ZE LIS KR

51

il

TerE T AR TS e e D R T E M ORI AR B SR I AR KD 5 R L g TAE

Weks H . 2009 - 11 -24 & [E H . 2010 - 05 -05
= [E 55 H AR P SR 4 BT B H (50976077 )
EER A sk, Lk RWIBL TS PRIT, 32 2O 5 AR LA B A 72 I BF 5% , E-mail : koko_S75@ yahoo. com. cn



2 P A1 R A S 4

2010 4

FL2 , R SRR B8 5 1 RN 06 21 78 Bl 2 B L T
AR B AIRBE S U S L I B R b oE £ i Ta] i
SOt 2R o FLAK S S R A H TG AT LA
TS 43 T 33K R e 3k B (0 R T 7 2 AR S I
07 T AT AR PR R o 0 PR A B R R K FL AR S
T, 7T DR L AR PR IR, A NO, Rk 4y 11
HEf ' (AR HC F CO pyRg ', fE B
SNBSS N SRR, T LA S AR B
HC A1 CO HEfL " {0 NO, K BEdE < O, BT 5L
A B TH T T LAk S AN A A TR A
AT RATE 4% 5 ey 109 A AR A ol e T LA
F i, BAAREE —Fh B OR B 480k B XE DL R X H 2R
T 0 S S ALAE SR o R e B T Ak A R P 3
JiE TH 5 AT LA AR 5 S Ak S i 78 L P A KRR 28
WS A S5 A IR 5 K o 2PL A 456 5 R S A 08 A0 A
KU AT 3 g 4 A A I %) R TR A5 ) — o
JE R o BT LAAS SR SR LA b R B R T B
MAHT 2 BB HR 8 % GG A B A R g 41 3R B
T ARV E AR 15 7L Ak 58 5 B R A HLER S
ALATE R ofe AR ARt B = 15 1 258 i Ak BB £ 1
TeAL kb 75 Y W HE T AR R PEF S

1 K3 B N P Seim Y BT &

1.1 XWERERIWHZE

TENRALHE S P IR 0 R NI L & AR
BERF 5T — TF 8 LR B AR o ARk, B 35 A R
BRI KB E B EEEAT B M
PRPLAR LR A BOR H Ol s, X 2 I 2L ik
FEVEFNB B E RE AR I & S HL I T S AE 4 by A
R B s A o R B 43 B R T L O,
PRRUS B m s B 35% 1 W & 3 WL R AR e
s 2 o R4S 3B A 7 1E 7 B ROR W AR, A
3 B T R AR A X ¢ e A T Bk . B RTAE
PR AIL & S A e 1 BF 9% o 4 R 22 B50CR I 48 Y
A5 2, SR 46 £t R 3t R PT A 38 450 8 T AR E 1Y
AL TS0 I O AR v o R R ) AR 4
SEIG oK FH 4100QBZL — 2 RUHE IR & Sl HL , & sh AL
HRES BN 1 iR,

S T Y 32 SRS 5 A B B A = A R R
FEANEL 1 Pz 1 S 56 B 8 40 ORI 0 (R L 46
A A AR 0 P I 5 SRR A 2 1 R R I Rk,
MY R 40 A Yl 8 3 P 5 e g [ e A BRI K T
JI¥EI, A TSRS RS R LS ]E
JIVE L, 6 250 8 Fe R0 2o e IR 45 e S
(4R e 4 L s 48 s AU R R TR & RE N TR

#1 4100QBZL -2 BILHHEESH
Tab.1 Main parameters of 4100QBZL — 2 diesel engine

i H S8
= SR CE K Y
B IR Bk % /v - min ~! 650
kL4 D/mm 100
i 17.5
i S/mm 115
R Z/KW (remin ") 80(3200)
ik 4
LA A/ () 12.5
Ik e 3 AL A HEE o #
L AR MY 1—3—4—2
#AT7 R e DR IR
SN S8 9 2K 8 2K

Bo MK O MRS T 00, e300 5 il LA

VR R T . R B K F) 1600 r/min, H
iy 3 B R R B 100 N - T IR AR 25 1, 78 S
i F 0 PN SRR, TR T AR Bt & IR O B R
O, AR 3 Hhak 2k 2K, R +7 R B L TAERR &2,
TCSEEE o SCH R A X E, 43 Bkt K FLAE R
0% (4i%esh , NBK) 10% 20% F130% #47 21%
(IEH KRS, AIME) 23% 25% F1 30% 4 414 [l
0, B BRI X 1L o
1.2 FiEmpicE

LA S 10 R F AR 22 se ik FLAE O U B B0 B
Pic ; FLAE5T 8 Span — 80/ Tween — 80/1E T 8%, 7L 447
R 1% (KRB ED o AEIEASE S 55
FLAC SR & T M &) QR UEFE W AR R = i), 5]
Ak K 43 g T8 o WA, S B AR AR AR TR AR
B, A e A, 5 AT S e LA AN . R
W AE FLACTR N3 7 A= ) FABENE L 25 AR50 F BT B 3K
L o FL AR R o3 B (/N K ) 195 2OR0 AR 08D
AT 552 BRI 7K R 43 5 A R SR A o

2 XWERKDH

2.1 #K0, FRSYBRAKIAULENERENR

HEZH R0

MRGEE IR AL Bl 2 45 K S AL AN — T 00 AG € i ¥
I, X —E R T — 0 2R A 8 ok At 2R A7 1 B0 B A I
AR AR BUAE IR ) il 2R KO A 6 17 O L Kk Bl
B Rk AR R] o RRBRAE B AL B R %) K s LA
AFIHI R, S B SIHLA 3 1 R B HE
TRCVE RE S AR ML RE 4 G4k o AN S FH e KR BE T
T8I B RAE N PEM MR BETE S AL B i) E RS



9 1

KA A SEA B S U FL AL S B U B S B 5 R R e A 3

__H
]

M1 AR E

Fig. 1 Layout of experimental setup
Loty 2. RERAH 3. BUER 4. ERMALE 5K
W6 LR T.FLEAL 8. Zuh 9.0k 10.GmAFEAL 11 %K
PoREAL 12, k0L 13 PIHHL 14 WEHL 15 WA
16. HESAE 17 AVL S Hr A 18 s ik 19, JR4iHL
20 AR 20 RO 22 bR 23 HERUE
i 240 dEE 25 ARy 20 R MRy 27, i
M A5

[ o S
o J — Z (Pimas = Ponae)
d=—-xX 100% =

n
P 1
Pimax
n i

A Psro I RMABE I 7 14 o 1 Al 22
P D IELEE A B MR BE I 3 - B {H
Pime— 205 AR FR L N F KRR IR T
RAEPE IR 5250 N I 2R A 1 B dE
T 21 20 SRR BEAT IR 0 A
Hy B2 TR, AR P 08 5 i B 4R P 3% 2 f R R )
A B Oy PRER B3 It W A2 4 5 v e ] A0, 7
S UG I TR AR SR I R B S, L P AR T g R R
TE BB ZE O, PRFRI B A2 AT F AN R
HII&T 3 n 1, O, AR ST KN 23 % I 1 fe KK )
{EL P AL 3 25 K5 T DA i K s ) A F) 8 AR X e
KE O, BBl 23% I 25% W) &1 A B K K )
2R T HADPIA
4 AT LA 6 20% 9 FL AR S8l i, A
T A Y T 2R AR R (L T o T A S B R Y
2 M I B R B O T B A il 2k

n

—2-0,21%
5.70 —-0,23%
—4*-0,25%
- 5.65 —¥-0,30%
&
= 5.60
5 5.55
=
:_.—2 5.50
x 5.45
5.40
5.35

02 4 6 8 10 12 14 16 18 20
R
B2 gh gl i it <0, (RBUS: BO T g 20 A4~
FE SEAG T T B RAE 5 A B 5% T

Fig.2 Influence of O, concentration on 20 cycles

max cylinder pressure with pure diesel
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Fig.3 Influence of O, concentration on 20 cycles
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Fig.4 Influence of O, concentration on 20 cycles

max cylinder pressure with 20% emulsion
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Fig.5 Influence of O, concentration on 20 cycles

max cylinder pressure with 30% emulsion
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