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Spray Characteristics of Diesel Fuel with Oxygenates

Keun-Young Ryu”, Jong-Suk Ha” and Soo-Young No”

F 7148 : Oxygenated Fuel($4429 ), Spray angle(¥%4), Spray tip penetration(¥-%- %
@387 8), Drop size distribution(] 73 ¥ %), SMD(AH9-5] 8 Y 73)

Abstract

The effect of four diesel fuels with oxygenated agents fuels on spray properties from plain-orifice atomizer was
investigated The axygenates evaluated were diglyme, MTBE, DEE and DMM and were hlended in weights of 5, 10,
15, 20 and 30% in a baseline diesel fuel. The physical properties such as surface tension, density and viscosity are alsc
measured for each blended oxygenated fuels.

It was found that changes in physical properties of fuels considered are enough to influence spray properties, ie.
spray angle, spray tip penetration and mesn drop size.

Spray mruperties were measwed by PMAS{partice motion analysis system) which is employing a point
measurement technology. Spray angle increased with increase in oxygenate content. The effect, however, was not great
in the higher blend level. The oxygenated fuels produced more shorter spray tip penetration than diesel fuels. SMD
was decreased with the increase in blending percent. SMD for DMM and DEE are represented 103 and 341%
decreasing rates respectively. It was found that changes in spray characteristics of oxygenated fuel were easily large
enough to impact pollutant emissions.

It was clear from this study that spray characteristics of oxygenated fud is one of possible cause of reducing
pollutant emissions from diesel engines when oxygenated fuels is applied.
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 4 Typical photographs of spray tip
penetration
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Fig. 4 Typical photographs of spray tip penetration
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16} f

;
%15 » :7.
§

X X >4
AfA
1471
& »60d, —X—Diasel
134 —8-—-DMM —0— MTBE
—0—DEE —A— digyme
12 10 15 20 2l5 30
Qxygommeonm[m%]
Fig. 6 Radial distribution of SMD

(Oxygentes content © 15%)

9 o] 4Ye) FAS Fig 344 B FRo| YA
B3 FAE %S Jehiich

Fig 6& 15%° Eulgan 27| g i AR
4t 00do AAAA e gy SMDREE e
O dbos $57)9) afolMe YALEI} falug
717k B FE 48 s eg deiA A
¥ AN =B HTYYN RUE F} Y4
Slee 38 AFLEE 34Y 471 Ak OdeR
o SMDE Hlats] BE ¥ Aol ARAAAM 8
| DEE$} diglymet: tiduc} 24 Y4527 DMM3}
MIBE: 9 34 349¢ ¢ + Ao 28 2& 2%
o AAM FAE7 SRR SMD7L AA P49E
R

Fig. 7& w344 -10mmAdAA 47] b $ita
siol izl Efhulgol SMDel miX: 448 Uehd
ok 19elq B 4 Qo] DEEE Adstur &Y
vigo] 10%01d0) 518 §Hix ARl SMD: FHashs
A& o Uk

36
34r
5,32 >
o
=
Y30t
Oxygenates content :15 wi%
28} —X— Diesel—8— DMM
—&— MTBE—@— DEE
—A— diglyme
26 N T s
-10 0 10

Radial distance [mm}

Fig. 7. Effect of oxygenates content on SMD
(Average value)

YA MEEAE F 58] 4% Ar18Ee) SMD: o

He| FAPYH Prol® Y& W=tk SMDE EW
347 A% SHEeE 7R A%R dolx e
o 548 ol LARIEAN SMD 57HEE 2 3
AfrMol A 71odah= Ree wasw ok 2
¥ odfdA TP dAdas L AREL Fg 2
oM & + kol 3~4x10°m/s BEE o e 53
AAFE 7R3 Q7] dize]) oo} ¥ Aol FolH
7 $a ARl diF SMDe| Hart 3 oMt @
Hog wojAd,
ARoAs} 2& shte Edo) E3E A AHE o
AR 2HEHE o SMD7} FolA= Hlo]
WE wirizkse A ARE dFe] flse] Sust
Farrelo} 1908dc} 74 g} B4} zzolaje] &4} g}
g2} wd ¥ Y4 wi O By 545 f8
7)7ks wide) AuwAdd dig d7E wasigo™
o] Ao} o5 ¥ AgolM S w23 FUR ¥
Al sharpedgedd ol 4% SMD7H 24w W3l
% NOxst PMe] iZo] @& 9%& vjad: 498
Harapa ek

o] Aol N nghEAHE: ¢ SMD9] ¥sleh $hiba
38 A8 2 9ol dig SMDY WsiE M B
F ook #2} qlgo] 90ojM 160MPa2 T8% Z7HAYU
o, SMD= 0004 6m o 1006 7H4dls qlen) 1
g B Ugeld DMME 8@ Anst Ae e
FEY RS A @ # o =@ MIBE DEE
diglymes #2A% SMD7E 2opdl A& ¢ F Ak

£ a9t Pl htx B PR wiv)sls wiE
of tisle] Uehig W, PMe] 3% o Tt as



of A& SMDe| A% wl7|7ks el 2 A%e dd
Q

el SMDO] HE gk 54T dolelg 7jZoe ¥y,
SMD= DMMol| 10.33%, MTBE7} 0.25%, DEE7} 341%,
diglyme7} 206% Hadhe ARE Jel o 43#E
Sust Faretoll o] SMD7HA9L PMe| 4] Az A
24 & o) SMD2 HolA A7)d @A} Ao
& B9 &4 uE SMDY 7t 18~75%¢] U4
of 24 PMZAR Jeld £ glda gggd, ey
Fhis 2o EY vl wE dsio) E2Y AjAe
ke 5 549 dugl SMDe] vlol] 4Eg 3o
iz vtae] Wz lojgcta & £ gl

4 38

xRt YA U s e B nj3)
£ 998 A0 A4E a2 B diglyme,
MTBE, DEES} DMMOE o) t)AdgA 5 10, 15,
2, A FRHER ERslen) cAgR: vag
Al i)

4359 A ARl 9P FARYR TYYATE
A on olg Egulgel e Fasdae] 842
Wk W7)7kAae) Aol JPE A ¥BY, BEAM
@ AL, HEUA ) ¥R 4L 398 99
£ AR UEE 45 AL

7 de =g Agle ML g4 T g} o
A drng Rt Fadk: YU 9oy agA &
Lol AsE HolA: ggton WR4e s B
T vigol F7Hk) w2l Foleh: AYe JepiAe
A Y ulfolNe FA¢ FA8 Roldyl 2~30%9
i EY vEeMe oA & WsE YoFA oo}
WpoldolME FRg W G848 A Rk A
o2 HojA)

SMD= $habh 849 Ef uigol Z7i met 4
g 4%E Jehiglen =3 DMM32 DEEVL vl
T 1033%% 341%9] FHaEE Jehigid
¥ a9 FAzs ¥ SAH wrvls g BAR
W 478 vlng A L EAY T 9@
SMD3Ha= #l7|7h2e] Aol 4 98S Pl4 YA
B9 7% A4Y $Hoe An BRAA Bant s
sk et £ g

V3| P ahar 2] MeWA33.(2001)/43

Angd
(1} HOfner, DW.Gill, and CKrotscheck, Dimethyl Ether
as Fud for (I Engines-A New Technology and
Its Environmental Patential, SAE paper 981158
{2} B. Bailey, ]. Eberhardt, S. Goguen and J. Erwin,
Diethyl Ether(DEE) as a Renewable Diesed Fue,
SAE 97978
[3] S. Cheng and R W, Dibble, Emission Performance
of Oxygenate-in-Diesel Blends and
Fischer-Tropsch Diesed in a2 Compression Ignition
Engine, SAE paper 1993-01-3506
(4 K D Vertin, ] M Ohi, D. W. Naegeli, K H
Childress, G. P.
Hagers, C. 1 McCarthy, A S. Cheng and R W.
Dibble, Methyal and Methylal-Diese! Blended Fuels
For Use in Cumpression-Ignition Engines, SAE
1993-01-1508
[5] N. Betroli, DGiacomo and C. Beatrice Diesd
Combustion Improverents by the Use of
Oxygenated Synthetic Fuels, SAE paper 972972
[6] N Myamoto, H Ogawa, T. Arma and K
Miyakawa, Improvement of Diesel Combustion and
Emissions with Addition of Various Oxygenated
Agents to Diesed Fuels, SAE 962115
[71 N. Miyamoto, H Ogawa, N. M. Nunn, K Obata
and T  Arima Smokeless Low NOx High
Thermal Efficdency and Low Noise Diesd
Combustion with Oxygenated Agents as Main
Fudl, SAE 980506
[8] N. Miyamoto, H Ogawa, N. M Nurun, K Obata
and T. Arima, Improvement of Emissions and
Themal Efficiency in Diesdd Combustion with
Oxygenated Agents as Main Fuel, JSME Journal
B Vol 64, No. 620, 1998, pp306-312
9] N. Miyamoto, H Ogawa, T. Arima, K Obata and
G. H Cao, Impruvements of Diesel Combustion and
Emissions with Oxygenated Fuels, JSAE Journal
Vaol. 29, No. 1, 1998, pp 18-2
(10} M. Nurun, M. Miami, H Ogawa and N. Miyamoto,
Attempt and Mechanism of Ultra Low Emission
and High Performance Diesel Combustion with
Highly Oxygenated Fuel, JSME Joumal B, Vol



6, No. 642, 2000, . 28-304

{11} N M. Nurun, M Minami, H Ogawa and N
Miyamoto, Ultra Low NOx and Smokeless Diesel
Combustion with Highly Oxygenated Fuel, Proc.
of 15th ICE Symp. (nt'), Seoul, Korea, July
13-16, 1999, pp 81-86.

[12] S. Kajitant, H Usisaki, E. Clasen, S.Cammpbell, and
KT. Rixe, MTBE for Improved Diesd
Combustion and Emissions?, SAE paper 1688

[13] MSGraboski and RLMcComick, Combustion of
Fat and Vegetable Ol Derived Fuds in Diesel
Engines, Prog. Engery Combust. Sqi, Vol 24,
1998, ppl25-164.

141 T. Murayama, MZheng, T. Chikahisa, Y.T.Oh, Y.
Fujiwara, S. Tosaka, M Yamashita and H
Yoshitake, SAE peper %6518

[15] T.Yoshisaki, K Wakai, KNishida, and H Hiroyasu,

The  Seventh  Symp(ILASS-Japan) on
Atomization, Dec. 21-23, Gunme, Japan, pp
183-188

[16) Z. Chen, S. Kajitani, K Minegisi, and M. Oguma,
Engine  Perfomance and Exhaust Gas
Characteristics of a Compression Ignition Engine
Operated with DME Blended Gas Ol Fud, SAE
paper R5I

171 RLMcCommick, JD. Ross, and M Graboski,
Environ. Sci. Technol. Vol.31,1997, pp.1144-1150.

(181 AH Lefebvre, Atomization and Sprays,
Hemisphere Pub. Co., 1980

[199 TFSu and PVFarrel, Characterization of

High-Injection Pressure Diese! Sprays with
Relation to Particulate and NOx Emissions,
Alomization and Sprays, Vol8, 1998, pp&3-107.

{20} H Hiroyasu, Experimental and Theoretical Studies
on the Structure of Fuel Sprays in Diesd
Engines, ICLASS-9], Gaithersurg, MD, USA,
July 1991, pp17-31. ‘



