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A Study on Combustion and Exhaust Emissions of Diesel Engine
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Abstract

By means of the compatibility according to solving environmental pollution and energy
problem due to the emissions of NOx and smoke from diesel engine this paper experimentally
inspected the effect of using emulsified fuel, gas oil-water, for combustion characteristic, that is

combustion pressure, pressure rise rate, heat generating rate, the period of ignition delay and
specific fuel consumption, and CO, HC, NO, concentration and smoke density. When using
emulsified fuel, as a water addition rate was increased, combustion pressure, pressure rise rate
and heat generating rate was increased, the period of ignition delay was lengthening, the specific
fuel consumption was some what increased in contrast to diesel fuel in low load, but decrased in
high load region. And NO, concentration was decreased, CO concentration was increased in low
load, but decreased in high load region, HC concentration was increased in contrast to diesel fuel

in all region.
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Table 1 Spcification of engine

19 18

Engine )fype Water cooled, 4 Cycle, 4
Cylinder, Turbulence
Com. Cham. Diesel
Engine
Piston displacement cc 2184
Bore x Stroke mm 86.0X94.0
Connecting rod length mm 157.0
Max. output ps/rpm 72/4250
Maxk. torque Kg-m/rpm 14.7/2500
LV.O. 13° BTDC
Intake
Valve LV.C. 39° ABDC
timing Exhaust EV.O. 60° BBDC
xhaustl gy, g ATDC

1. Heater

2. Humidifier

3. Inlet air surge tank

4. Inclined manometer

5. Hydrometer6. Fuel tank

7. Burette

8. Fuel consumption meter
9. Diesel engine

10. Eddy current dynamometer
11. Current controller

12. Exhaust gas surge tank
13. Pressure transducer

14. Charge amplifier

15. Projector

16. Receiver

17. Source of electricity focus
18. Combustion analyzer

19. Graphic printer

20. CO-HC analyzer

21. Standard gas

22. Nox analyzer

23. Smoke mether

24. Air compressor

25. Cooling water tower

26. Rotary flowmeter

27. Engine oil cooling system

28. Digital thermometer

29. IBM-PC/386

30. Line printer

Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Apparatus of agitator

Table 2 Specification of emulsified fuel

W/O | Gas Qil | Water [Surfactant| Specific

(%) (ml) (ml) (ml) Weight
0 100 0 0 0.856
10 100 10 2 0.868
15 100 15 2 0.875
20 100 20 2 0.882
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1.T..BTDC 14°
—14 1500 rpm
Gos Gil

—27 aaraad W15
0000 : W20

dP/de(kg/cm? /deg.)
o
]

T T T 1
-90 -60 -30 O 30 60 90
Crank Angle(deg.)

Fig. 6 Effect of water to gas oil ratio on rate of
pressure rise at 1500rpm

2l A4, HASE
u]go) Zrtel A oL EA el AL D
fr3td g F9 A F At F453 3k o
e AAA, & vl Sl 3}
Ay ste} FHo FEFF FUIE AF
89 Zol 2AR 22 Atr} FE5A Yol
H3, @A A7) }e] Bk AejReg lshe
o] 717+Fo] Fwtd Ao dAuFle FA ol
WolA A T4 d4rt dojuhr] wFofetan At
Hr},

(2) 25 A77}

Fig. 82 7|3t A< =7 1500rpmeA A
stedg o] & Hrulg g 2§ o] & &3z
A7IZE Azre g veld Aol AxolA BHe

shoh 7te] Fde 39l A% F Avpulgol Fof

Crank Angle(deg.)

Fig. 7 Effect of water to gas oil ratio on rate of heat
release at 1500rpm

1.8
@ 1500 rpm **x+ : Gas Oil
E noooo : W10
5 1.5 anaan: W15
° Q0000 : W20
o
a
= 1-2
o
[}
[=]
§ 0.9
:‘é‘
o

0.6

T T T T 1
3.0 3.5 4.0 45 5.0 55 6.0 6.5
BMEP(kg/cm?)

8 Effect of engine load on ignition delay for
different W/O emulsions at 1500rpm

Fi

®

4% A7) AoAAL F + Uk F3}
29 ¥ Arhulgol fopw FRxsl B0
o A BE Aol AxA Hej, g
54 A% 712 FoH Fe) FUAR
49 A7 Agol wleA@t, wheba AL
BF 94 FAE AL A FLAL 27h9
948 F 429 ol A7 £ 3} Us
#8xd712ke] AojAE Aoz Brg,

_B,:{olzrloﬁ‘._\ﬂ.r_&ml

42 gid|e

Fig. 95 739 3a<4 = 1500rpmal 7-$ -3
Aol & HriE o F31 Wit whEg dasv
T e ek, AEelA RE ule} o] ¥
o] Arhulgo]l ¥ 45 A¥3 dddAEe F3t
Azt Aol visled dainige] 4 FA



dA 7)1 dsek WiEE] Y AT 185

360
330 1.7..BTDC 14°
1500 rpm
= 300 ss2%3 ; Gas Oil
. goooo : W10
a ] aassa: W15
£ 270 : .
=
O 240
e
173}
m 210+
180 -
150

T T T T T
20 3.0 40 50 6.0 7.0 8.0
BMEP(kg/cm? )

Fig. 9 Effect of engine load on BSFC for different

W/O emulsions at 1500rpm

EhAl E A uk 243 oo l € sells 4 4
Atk F3edg AEA AdRav]Eol AEHE o
e B3 2ol 28 ‘Lr At

(1) W/0Y oi"d F £ A 5T A=Y
A, & vlAdZdel o7 BFH 9 64 g

(2) £59 [EH Folol 93 L7 o=
g B0

(3) £ 3= A £ T Frd g
Fepao

(4) ZABAAAZY FHE A7 &Y A

(6) A+LE M3z A

M) A% F ¥ 947 35 da shad A
247 FA0HEE © (D~@)el Esfel o
daAe] $AsE dzst 2o19 Edol 244
of 4zt wesd APsle] dLEE Y SEE B
Bt v el @ (65) (19 L2 dakod dman]
%o AzAn B,

EEEEICEL

43 wslelgel E HIlu|g U F3} st
Me HE 7t Sk

(1) NOxe] wjZg = =X A3

Fig. 10& 7|39 3A4=7} 1500rpme]l A%
etd e & Arbgs §o Aol o2 Nox
o WEFEs vebd Adelth Axold BE ule}
7ol £ Artulgol Eotlel wtetk NOx wids
E7F el 4 4 nh Aol o3 QA EHE

800

: Gas Oil L.T.:BTDC 14°
1500 rpm

1

2
A
<
ko4
<

ooooo ¢ W10

o

(o]

o
1

~
o
o

|

N

o

(@]
1

NOx Concentration(ppm)

0 LIRS S I I SO SN N (N S
20 30 40 50 6.0 7.0 8.0
BMEP(kg/cm? )
Fig. 10 Effect of engine load on NOx concentration
for different W/O emulsions at 1500 rpm

9.0 =

§ 8.0 I.T.(:)BTDC 140

o 1500 rpm
@70 veevw : Gas Oil
£ 6.0 ooooo ;. W10
850

>

G 4.0
c
] 3.0
220
[+]
£1.0
[72]
0.0

|

1 1 [ 1T 1 1 T 1|7
20 30 40 50 60 7.0 80
BMEP(kg/cm? )

SUOIS[NUId )/ A\ JUSISJIIP I0J KIS
-USp 9OWS ISNEBYXS UO Peo| JUIBuUS JOo 3091y TI “SiJ

NOx9 F=& Al T2 olAE o= & 4
A Y vk Aol Ao glo] Abke] F
Aads, 28 2 7t2e A FAztel), whal
A ez FASE Aol B9 H vl
Fobdol wel NOxe| wEFerst Relxle 2L
@ clgR F 89 FUALe 9T d4ex9
743k, @ #3tdg d4A] 9| AFYBE0ERE <l
Fd A4 Loz s ey} weld g vt
29 HAFAZe] BF, @ AR F FE9 F
w2 gldled WA= £57l0 o8 A4
7t27) Bl A o] Al x s} olx] 7] wfFolr),

(2) ¥l7] shde) Fxol vlAE G

Fig. 112 7139 3AL=7F 1500rpmel  73-$-
fetdgel & Arhg o 3l wHsbo] ©E o
Zeid e F=F Uehd Folrh AEdA Ee v
9} ol B9 Hrlulgo] EolAle] uwhal wirlui<d



186 ZRA% - 73
9 Fryl ZiEw, zelz 339 Wi wi

F % e A 2 o] el A
of A4 H=EE & 4 U=t XA AFate
2 3L FAsE Atdde $4d °4F-93r e xd
sho] £l E£FE37] HE wlde] wjFafol
HEdez FrhEd a3u #Ediz JAe
AT Afele FEo A% T4 daixd
Mg}, &5 A" 03 o 3o dae £F
ol A ueg ufdoHq £FHor FrleA A
o =% F3AEe Afel 29 A Eo] Fol
% 7 ase A EEA o

Ao ) W] Fx
slslQl ofwde] &3 wifolth, AHAMEZ FeAal
e FFHdA 3eix A" AL d&
Fol YA @ 57 Fx T4 @ o
=9 A3, @ odHY v|AZY Foz A
"3. 712 <l3 ads Friet A8 Y
15]7] wEoll 53] 7]dolAe] wfz]=fde
AAHch, FAR A adol 2% UH°4
2 4Z7]ol) 213 hydroxyl radicale] &

old 4ol wld A AAaH Y ?—‘4’
4 3}, hydro-

2 ot

9
_hﬂu-’m)l&
o
ot ogh
b ox
oo b 5ol

4 P
o 3L
N‘N O{N' K3
P e g
R -/
N

», o
fo {a

Hydroxyl Radicale] =& of

ok
o
.d

H+0,— OH+H
RH4+0— R+O0OH

wtebA T2 g d
calo] A5, =3
sted A3 Fold o

k2o 21§ Hydroxyl Radi-
e 45E 29 2 o
2 g,
H,0+H— H,+O0H
A s Aujsle ngxel dolHE o8,
A4 7HE YAt A whgol 3 o)
Aoz AZde & ned A%l Bast 4
Zske] W g3 o] vEbd 4 9ok
aels, AR £371%y AyHel WL
CnHZn +nH20 -—_— nCO+2nH;,

2o
o 2 8

‘_ 73‘T°ﬂ 019‘4’
?4*4 Y —2—4 ixz q
obAlell whe} wjdo] A7}
Adz Hg

(3) COY wiZFxol vlA& 4

Fig. 12& 7|39 3Ad4= 1500rpmel 73 -$-oll

3 o fstdae & ¥ gl wE COY )
%%5—% vebd Aol AlEelA My uis} 7o
£ Arpuigel FolAdl wet CO9 wiZFxr}
e dYodE A JEhye, zElz a¥s
FgdolAe @A delds & £ Uk F A7
0.07
1.T..BTDC 14°
0.06 7 3s00 rpm
_ sssex: Gas Oil
0.05 aooos: W10
— asana; W15
®004 7 co000: w20
8 0.03
0.02
0.01
0.00

I | T T
20 3.0 40 50 60 7.0 80
BMEP(kg/cre? )

Fig. 12 Effect of engine load on CO concentration for
different W/O emulsions at 1500 rpm

80
— 1.T..BTDC 14°
£ .
a
& 60—
=
.0 e
el
g 40
gt
-
3 i
&
S 20
o R
I

0 T B B B Rt

2.0 30 40 50 60 70 80
BMEP(kg/cm? )

Fig. 13 Effect of engine load HC concentration for
different W/0O emulsions at 1500 rpm



%

N4 7138 dast HEE

g9l Z7bol W2 CO WasEst Fobde A
FHAE 3 29 0o I8 A2 A2
S} AsEy) dEoln, & HrplE 20% 7
of 233 doiold CO M52 W viehy
AL ALEE Ao e BSAL @ A
2 A,

(4) HCo) w2550l olA& 3

Fig. 13& 7|39 3dA£L£% 1500rpmel
23 5 2 Asjugel @ HCY w3
ded Aolch AselAq i uish o]
e A% £ Arbulgel BE 4
7 B4 WERE ¢ 4 3k ole

o)

fo rr o rfo o

gol Folol web dadule £
Wgols, 2ol wis 3 HC4
A vedA He e 3
}5Os) F¥e FYle
oletz AAeh,

r_ -11
ok
l
2
il
B
i
fob

. & £

g4 v)e] dsz AH-Eo H3das A&
3te] ¥ 3(1500rpm, BMEP =2.1~7 5kg/cm?) &
WA A FAse A Fidee & AshE
(0, 10, 15, 20%)°ll =& LA 4 %
A58, AUAE 23 AA 77, dsa
59 d£543 #3 wEed CO, HC NOx
slde] wiEssol ddted A¥dez 7 2
2 HH o534 2L AES 2%

1) #3da A4 29 7&7}ng°1 FotAel o
2 od4Add 4 3 gHdsES dEdEe] ¥
o,

2) w3AdE AEA £ AsbIEe] £E 4
TR FEARS sEe Tl g 2= A
8 FAE qlste] AR A7z} Ao,

(3) F3ds AHEA daavlge] A¥e Jool
M Zell vlete] ohk FobAu, 2R3 4o
Me d4 B8 85 TR <t Yot
Ao},

(4) F3dEe AHEAlel & Arhulgo] EE45
NOxe} wizg=e d477te dFHez g 2
& Fta AFARY] BE aEn 4*&5 A zkat
T Sl A% &= A3t
Co8 vizseve £ 7d7h'lgr°l =erE AL

3} FAole

O;

o, o

o B A7 187
Zadoh HCe 2t A4 ool 24 E9
Ao gol £24% B4 WL =8 HdE
A¢R Gdol A B Hrulgel EE4F 3
7% Qdmste] EFo] FAsl} 74 el P4
o3 B3 W Bas] $4RFoE Astel o
o,

(1) BHER, &/ FHE—, ZFTE—, 1986, “/h
MAREEMAER I DWT, W#&ﬁﬁﬁ, Vol. 25, No.
319, pp. 9~17.

(2) FHLIE, BEERE, WHEE ) B—, 1982, “Tio
- VEEENT A - NRBRIC BT AR (I S /- U F
L7V > FRREHC & 28R 7, B ABME SR
# (B#), 57% 434%%, pp. 2134~2142.

(3) L.D. Savage, A.R. Schroeder, 1988, “The Effect of
Diesel Injection Timing on a Turbocharged Diesel
Engine Fumigation with Ethanol”, SAE paper
880496.

(1) FILE, RkiB, &AMMHN, EXE EARE, #
HEE—HE, 1986, “7 A -EAMBRIC BT Ko F|
FICERT 285", AR, Vol 25, No. 314, pp. 9
~15.

(6) /I ERE, bhEig, 1984, “IREE ARSI & B K
TEEE AR / o X o 7GR, AR, Vol
23, No. 297, pp. 31~38.

(6) Angelo De Vita, 1989, “Multi-Cylinder D.I. Diesel
Engine Tests with Unstabillzed Emulsion of Water
and Ethanol in Diesel Fuel”, SAE paper 890450.

(7) AHIESL, REF, EWBER, KKXFE, HAKLE
1988, “EH#TA-ENABBORELHERICET 2HE
(25, AREmFULOMEE & RS - BBE)”, 048R

BewmE (BR), 544 498%, pp. 513~517.

(8) FILIE, WK, HAE, HRER 1978, “T1-+n
HhicBlT2 NOxfB:aFSZL BM‘ HHR", HAHBERMN
e, Vol 16, pp. 30~37.

9) FHAHEE, WO, B, 1984, “Sinb L UH
EBEOEFLE (N, OFBMBEHRTEBR), 50
%, 453%, pp. 1345~1352.

(10) BHEIEZL, RAF, HFFEHK KKFH, HEAKRIL
{8, 1988, “BEET A - NLBRROBIE L BERICBT S
R (E 18, HERNOxKR)”, B ARRMLERTE
(B#), 544 498%, pp. 506~512.

11) |EI, FhUIE, S, 1982, “7 1 -+ HER
IZK-Tonya v RIBELERL 2540 RIBRER
RICRITTHEEROBE", AEME R E BIR),
484 428%%, p. 801



188 ZA% - YA - A E

(12) HEE, HAREL, 1984, “FULMIBEEZHT A —+ B, Vol. 19, No. 239.
NMEROMREIC BT T AERGEORE", AMEE,  (14) FEEOL REE, 1988, “FULMEEST (-
Vol. 23, No. 296, pp. 27~36. BEOME RIZTREBEORYE, DABREER

(13) EEFEE, #FAFE, mHEL, =EF5%E, FWUE o (B#), 544 503%, pp. 1866~1871.

1980, “ILHBIC BT 3T 4 -¥ B EBOWR", KRR



