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Abstract

Combustion characteristics on diesel-water emulsion are analyzed in high pressure injection for
several variables such as water content, injection pressure and injection timing. As a fact of
well-known, maximum combustion pressure was decreased and ignition delay was elongated in
accordance with increasing of water content. But these characteristics were enhanced with increase of
injection pressure to high pressure. It was shown that combustion of neat diesel in case of injecting
with 600bar is similar to that of 20 % diesel-water emulsion was injected at 1200 bar.

2 "yt £349c v 2 #4599 371
T 989 7igE FJANL F7) o)4eE 3
ZHNA 299 F4E EEE £ Aok gy
EHASE ndoz EAlstd A A% &

1. M E

B B9 FuFIdTob T darexe A
3, B9 4% Fgo 23 39 nmaZ2o)
SAEY =8 $3719 A8F7] Atolo $4
Tt BEASY WEFr} o3 REinx
g9 F7} ol 93 NOx 2 sootd] EAA 7o)
7Fedltt. 988 ngew EAlstd £R4zle
EANIAR I} Frtele] BEEGA ¥ Bm

o] F7tet1 EHEE Frbo @E MYy 2}

Tt 4zausta gag JAFgR

E-mail : dyjeong@nature.skku.ac.kr

TEL : (031)290-7472 FAX : (031)295-1937
* AEaogn AR

Hol AZE PRl @ BAo2 JAEY
9 Z+a Qlo] NOx 2 sootd] H}7|7}AE ZEA) 0
A@ste W AF4AY Aoz Ayztdr

Afify E. MY ¢} Crookes®, 5& Egdgitg
o wW& ANAXEHE  HYsch =@
Schwartz R.?, Stump G.$} Oblaender K.® =& 3
HEAl WE dAEAHE A4snt. 2y, &
FARE 1000baro] e mGos EANG 799
A7E oFd BEsA HuFR gL AAold)

B d7dMe darigd A+ £gds
€ =39 BASlY Ags, 189 R nage
SAY BAAZ & destE 8a85]) g )
ZYAE TPAEE 1200bar7tR] BYGEALE A
+9 Ad2EAHS S5 T A YR
ALE AR F Y STEY nGRAINA
H3 olg A2 £ e FEeHPaAL



1436 Adg-olFH

ZFAE AHegin
2. AlEEA 2 2

2.1 DA AH

JGBAN2EE 2aRBAAT g4 BAEY
9] zHo] 75t AAVE 2L EAHFG o
A@Hojol g}, 2gm LFHE EBEAIZRAJ
S8l o7t sbsdted ol ot o] Y Al
g ngEAIAA AFEE Fig. 19 JE
t}. Fig, 2& 22170,

APEANRFAE A ZHA FEHE I8
g 12 JibEkeE 19 4EY, ViddE 988
AA B s 23 IdEe 21 EER, &
8 ZAATEL Z2A0E HHE EAA
t BAZARE 749 444 g8 1
A ¢tEd d8E U7tz o3 Jistd AAE
7t £3R 02 EHAAFFA™YY FHELE
A 23 ¢EHo x3ugke Ado] sM5d FA o
T;]__(7) .
Zd4 FEAdUne) o3 ZTANFZI} g
g F JE 9489 Hu AALGEGELS AEH
t& o] gobardl 3% Ao < 12,000barolth. @A
4400bar9] HFEAIGHo! 22U plunger
pumpE 42 PE-PHL AH43IAch mAE
E BANFol 47), BALE Aol 026m, BAMY
o] 150°,E g T EE 0.3m¢) DLL-S typed] &F
AL QAAEE 23t AHEEHST

HP. pipe
A com-
Requtator M fnjector
"
é m
Firsst (on}- el pu
T OTT PO W ai vatve  Operating (N
o -
!
Stopper SV,
t
Driving Stopper
cylinder f;fm:‘

[ [

Relurn ’
tylmder Oil pump

Regutator

Operating
ot

Accumitater

Fig. 1 Schematic diagram of HPIS

22 SEUSYE SEHAUE AR

Egds 923X e 1¢eE ¥RY AH-8
EYUUEE AVNEAFANA FAAAA 7= dEd
28 APFAEZA F5AFE 9T FHEEYY
93 7|RICEM)E MZ8%th

Fig. 3& Z¥ds A48 FEFTLLEIR
9] AEAlojt}, EFAEA4LE RICEMS O
dArf ZAAAGR, H2E FFHE, H2E 7}
ojlER TEH HXE Foj=RE AHAAANI|E
AR, 272 BAAE BEA FAE 2
L2 HEFARLE Y= 5 Uth

F2 M2RE EFUE 948 BAERUGR
o]t Fig. 40 MFZE YeldT. EAMEAGRE
9] bore Z stroked 86.5mm L 90mmol™, &EFH|
£ g =1730]th 44 42 HA ¢65m Fol

Fig. 3 Photograph of experimental apparatus



AFEA BH-E AR 9484 1437

/— Fuel Injector

Oil out
Pressure transducer —
™\ Valve for intake
-tz and exhaust
Cylinder block — Thermocouple

ARV BAARWN

Piston

Fig. 4 Schematic diagram of simulated cylinder

953m¢! bowld o2 4t A2EX ALy A
olg] Z1E & £ES ¥ 3N F&F 1719
L299E HAIRYY. H2E 2 4L flat
typel 2 &g dad Y2dE F-upng
UEMuE dxsqgc. 4483 2& 7t2e
52 AN A 7Y 229 9L AdY
o 2 A9 B2 FHd «8AA 2R
g 59 & 94=F Ak

2.3 Data F|SZHA| 2 AE Y

AN E 2 EAgMgol Hd 10,000bardl 23
ot-g o+E W g7 (Kistler 6213B)E AM&-3HglTh

A AE] 9] needle lifts SFHY7H 0~2m
Ql gap sensor(VE-231 type)E ZA3sIQTt. A=y
el JtagEe piezo  typed] g EE
(Kistler,601A)Z. 53385t AW ¥IH 2
& Ktyped] EANZ FAAY. A2E W9
= H2E 2Eo 523 rackd} piniond ©]-§3}
o 28393 £33 TRD J 360-RZ type rotary
encoder2 A&t FH2EQ AsAlALS
photo sensor(BF3RF)Z ZEd Y. =€ ¢,
2% 2 Z+E WY datalx TS ADHRIAAES
53 PCE UYe F Yoy sHE s

Agdes EH9Ad5Y 58, 2A9Y 2
BAA 7otk @4ee A9 f3Ad o
AR 2 0%oA 30%7HA @AHCZ WIAH
o AEEAGEe  WEE 600bar, 900bar,
1,200barol T}, E-ARAI71E BTDC 15°CA, 20°CA,
30°CAE 3lgth dagrse A=E=dS 13
AlF BE BANAE) dis] $daA &g

Zh Ao A el Ae e MY 400 barZ

injaction pressure : S00bar
Injecion timing : BTOC TA
2YNVUD% - S00pM %

Combustion pressure, bal

Crank angle. deg.

Fig. 5§ Cylinder pressure curve at each water
content as a function of crank angle

AAsIg Egds d4aFA gHx] AR
il 22E 75C, 4371#IAFE 500 pm2
2 3335t

3. AN

3.1 88 HstAlZl 4

Fig. 5% 278 EPA&EE A3 399 A
A6 NHadER3E AL 25T FAhe AL
g A9 vug Aotk 4 A4 E EARIHLS
600baro] =, BALA7]E= BIDC 30°CAE $Y3lt)
BARHTE BAME AE, S 5 E 0% 359
AU 7tagdE e Agrl BAMEEA k7
AR O3 FXAE AA A 293

Wzl i & d¥FuE R m FAET
T "ol e ot EL FIIE Az 4
Aoy dFEATE A7l AMHor FUYF ¢
44 Bojm gtk Ty, MwtHon dAgiil
T gEste FA A7kl AXY, Huda
4ol tax 4TS vehdd. o] Aol I
o] TESE dAZ AXE Aol o &
BA8 stetdtnat AR Az, HudiAgd,
dEdsE 2 dare d4sgch

Fig. 62 EZA8Y FF&¢ ¥HiAY 299
23 d7]zHE el Rolth d7)A, 3R
71+ QB9 JEo] YZEE AFTEE &
SAPNAARZ A 2ls3 o).

oy

N

4



1438 AU Eg-oFH

40 T T
Injection pressute : 600bar

! |
—e—BT0C 15CA

}P

L1/

1%

0 10 20 30 40
Water contents, %

lgnition delay, deg.
N
o

-
(=]

Fig. 6 Ignition delay at BTDC 15°CA as a
function of water content, injection
pressure 600bar.
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Fig. 7 Maximum combustion pressure and maximum
pressure rise rate as a function of water
content, injection pressure 600bar
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Fig. 8 Period of heat release at BTDC 15°CA
as a function of water content, injection
pressure 600bar
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Fig. 9 Ignition delay at each water content as a
function of injection pressure
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Fig. 10 Period of heat release at each water
content as a function of injection
pressure.
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Fig. 11 Maximum combustion pressure at each
water content as a function of injection
pressure
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Fig. 12 Maximum combustion pressure at each
injection pressure as a function of
injection timing, water content 30%.

3.3 BAMZ] HEt

EgAdss ngPAlste o w2 AN
9 Wsle BAMPTIE WS A oRRiZA=
Aaz7]e d24 AHE WA= 4L 319
7NBEES F9Ph o5 FFE AN 2
AEALE s AS BAMZIESe] g AT
7h2dE S vlastAch Fig 12& HEHR P
& 30%9 EFAEE IXRABIE B9 Haud
A4S EAMAZIES] da ved Aol F
Ae] Ao v E EAMMVIE JZ4A-A o
2 daz7)9 JtaeE 2 daAAHY o]
g8 Hudirdge F7Hc 2y FAH719
Azt wE HudadEe F7/HEe EPAES
ALFANAFE ZaHE Agolch ole EFA
B9 BARIEE xnst sk A o3 F3}A
A7)zk WEo g dia¥E dAE gsAA &
Acte A& AAske Zolth Fegol 30%Y T
FASES 1200bard} TFOE AR AS BALA|
712 15°CA AZA7)E b BE Hudxgge
W oF 4% "Tro] Eojxth

4. 8 B

o %8 TEARY F4E L ALY
A7) Wge] e A+HYe AYsgen, o
23 2o BES AN

1) & F7H70) wak e, 3



LFEA BH-8 EFA8 254 1441

A2xgY gaz Wtz $A Agol 7
SHe 898 4 ag

3

@ BAGEE nHHE 2RS4 AHe
2 QaEAn} G4se] daBA0) A
o Hundaded F5o% Y450 Py
Ko

45 % gk
@) BALYEE 2P e B FIYS
ol B WsE BAEel uld vl
£ 9%l BFge ¢+ Ao

@ ¥+8E FAHRE 2AGEL Fo
¥ A9 #945¢ Bol=gA %3 FA

871 7k2) Aol FbedE AT = JAUTh

7

o

2 d7e dxd3gAgd  BH7) AT
(R01-2001-000-00386-0(2002)A] ol 2]} 3 5

AFH

l]?"l_'

rat

a1

(1) Afify E. M, 1985, "Performance Combustion

Characteristics and Exhaust Emission of a Direct
Injection Diesel Engine Using Water/Oil Emulsions.
as Fuel," North Carolina State University

(2) Crookes, R. J., Nazha, M.A.A., Janoter, M.S,,
Story, T,.1980, "Investigation into the Combustion
of Water/Diesel Fuel Emulsion" SAE paper 80094
(3) Stump G., Polach W., Muller N. and Warga J.,
1989.:"Fuel-injection Equipment for Heavy Duty
Diesel Engines for U.S. 1991/1994 Emission
Limits," SAE 890851.

(4) Schwartz R., 1985.:"High-Pressure Injection
Pumps with Electronic Control for Heavy-Duty
Diesel Engines," SAE 850170.

(5) Oblaender K., Kollmann K., Kraemer M. and
1989,:"The Influence of High
Pressure Fuel Injection on Performance and
Exhaust Emission of High Speed Direct Injection
Diesel Engines," SAE Trans. paper 890438.

(6) Daeyong Jeong, Hyunsang Ha, Jongtai Lee,
1998, "A Basic Study on Combustion of Ultra
High Pressure Injection” Autumn conference
proceeding of KSAE, pp. 386~392.

Kutschera L.,



