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Combustion Character by the Air-Fuel Mixture Comprising Water-Emulsified Fuel
Using a Diesel Engine

Yusel MUROYA™, Atsuyoshi TAKAYAMA*?, Hiroyuki ISONO*!

Abstract
Diesel exhaust gas is usually accompanied by the expulsion of NOx, SOx, COx, and PM. Several companies and
laboratories are conducting research on exhaust gas reduction technologies, including emulsified fuel, new fuel, and
exhaust gas recirculation. This study focuses on the development of an emulsified fuel infused with ultra-fine bubbles for
diesel engines. In particular, this study aims to develop an air-fuel mixture that comprises 500-nm of water and ~100 nm

of air, which could reduce NOx and PM and improve the fuel consumption efficiency.

Key Words : Air mixture fuel, Water emulsified fuel, Diesel engine, Pollutants (NOx, SOx, COx and PM)

il

1. #&

11 FRLESVCICHREDN

TA—BLNITyI DA v M, BBRE, WAL @MV ERETONL. ZIUTKEITIC R 720, T,
v Z, PL—=FFEDOKRBMEBRTHEOLN TS, T4 -T2 T JIHER A A2 NOx, SOx, COx B L U8 PM 78
ZLLEENTHBY, BEHRICEESTI2E8EWENP R I NL 2 06, BERGIDHRILSNTBY, BE7 2 EEHT
DHFENEBHLRoTwAE. ZORMZ 7 ) 7T 50%E LT, PET7APREATLIESEM & LK~V g ViR L
DT O, TEF > L — VEOETFEGFHIHESZT oI, PETAPRBRAEE & LA 7 FNLl, 71 —
BN THi%E 7 4 )V % (DPF : Diesel Particulate Filter) ", #5153 (EGR : Exhaust Gas Recirculation)® ©,
B TC (SCR - Selective Catalytic Reduction) @, EFFEEEYSEDZET SN, A EWE OB O B 5 A%
AATDIN TR 5.

RWFFEIE, BB Ch iRk a VIRE R FARE LD TH D, T, [MREREZN—2 L LokT
T a YREHI KD, TEROIREL X D IRBERIER O L EHEE ORI B E L2 0 TH B, K~y g SR
BN, BEOHFIKREZRALZZSDTH 525, WKGHOMESCAEELRREGICLY), BELZHEST 2 2 LB s
b, JETIE, "WV T 774837 (UFB : Ultra-Fine Bubble) O30S AT HONTEBY, EERTITAE
MBI Lo L LT, bk, #a, BEE CEEECHYERSE, RAVSHTOILHANEZ b, K& LGS
EHNTWE, BEHIZUFB 2RASE L2 LT, ZORY—LREEGZHLEE, X5ICUFBHKOEEIZLD,
PRIEN: % PRI E &5 LIS, KIVT g VIRE 2 LCBICE D25 KENZUHETE LT L2 HIfFL
72HDTHD.

2. RRBIE

2 -1 KIvILYaLEE
LI~y a VIREOREL R, <Y a YREoEEIE, ik bR W/0 (Water in Oil) B & 7k

LR T AOVF— Y AT A LAY
RS AT A TR
F294E10 H 31 H 218



— 8 — T4 — BB W72 RIBAK TV Y 3 Y IRE O BRI

HELO/W (Ol in Water) FIMFIET A, O/W BUIREL AR DVK TEDN TV 72D, T4 YRRy TIIFESFOE
PHADHEPREINDLZENS, WORDPERE 5.

KRENT g VL E I, EEBERE ITHETH L0 MRBRDOZ L TH S, FHEL TV B Ok E =<V
Yar, $ubbA LD T, —BIIZFALFIRRINA 2 O R E R 2 v 5. FEEEPEF1E500~1000 /L
EEATHY, WIKTH 1 ~2%REDPLETH Y, DS ~201/LMs 5720, BRI TEERIZES> Tw
BVODBIRTH 5.

KL=V a ENE, i, B, ATMEOBE Lo BED 8% o R ER A VAR TE L. K
Bl R ORI, BERE AT TE 2 L FEEEZ, KAEED L IZRBOERSERT 5 2 LT, BENIS S 512
MALE NG, ZHIZE D, BEEMATEE N A Z LT, NOx & PM A M S REHIIRK T A 2 L 3T & 5.

KT~V a VRE LI, —BBNRERR &K L FULR 2 —EIE TS CERT A, UL, R —TF W/
WEFEFHRHEH SN WD, BETI FHCEDARERT L EXEFESHARE SN, REMICREME R L7
L LSS, BB KIZEEE R L 2wz, TORERIIENZ EXBUIRTH 5.

2 -2 SAEEREHHY

RHREIRE &, BB O RICG B RBASEBECTH L. K<y a VIREHE, KOBIIRAZZREE %
RSEBEEZHS TWzDs, SIRRERENL, WEHCE I N ZBA AR EEBIET 2 2 & THRE 2S¢ 5.
FCE DR RES D LR TH L. FORITEMAG DY ZLARARKI LY a VIBREHE, ko~
W a VEROBICESRRAL, Bl S RRAREE 2 5.

PERDEAMTIX, MEHI R ERASEDLZEXRNETH 72, UL, BRIBHILENEZIZT 7 4 ¥ NT VIR
BICIE %2 b 00F FHlEDSE, BRENMTIC A2 RATL I EPHETH L. KIIZEIX, BLEEHRT I 3494 84
L, BAT2EM4% 1lum LTOY IV T 774 »37)b (UFB : Ultra Fine Bubble) {LIZHII L72d D TH 5.

2 + 3 UFB (Ultra Fine Bobble)

IV RTGT A NT IV EE nm BEOB/NOEIEOZ L TH L, TILImD T/NE W, BRTHRT 2 L1
KT 2. UFBIX, A2 1 pm KmOKEPRALFELTBY), ZOUFBIZAOIO S & LTOMIELD Y,
BIZHEEEZLTWwEZ NS, UFBRIESRELEAT A L3 TICC L, [BHEEMET LI v, UFBIZR
ASELEEEZAS LI L0, RARITS U3 REE B L THETH A, TIBICIEKFDOAL F Uk F D),
WETHIEDMOENTVEY, BT FAETH L2ZEOENTET Y, M TREDEIICLY
REBIANVF =PRI ESND S LR SN TV D, FJAIIERERIPEH S LICXVEREKIZRAH) 95, 20
R THIEE ) DEINIOIEN 2 ED 5 2 Ll b, KERDIZ L AMEHIZERIEAVIS VI EEITH Y, EhiEEE
BICKHBILTREL RS (1A 7 0DOKETIREREL SN5). SIBOENFETE, WEFICHETALK
WERRE I T 5. CORORMEDOGFDV LI OWPIZETHL, #ih3 52 & TEIENDLENVET 5.

ZBRERBASELLGE, @BEOKLN LLE L EBAPETAALBRZAKT 22 LW TH 5. UFBIRAHE D
HERTFHEOEL S OFINEER X & T 0H 5. IR HER T AU M L - Ak —&5UChfis g2 2 &
2L UFB # W52 HRTH D, HiRED UFB ZERSIHETH 525, 50um PLEDIENE AR S, a2
HELIBKRILS 2720, EREEDE L, BP0 UFB M A, GERR I3 EE & itk 2 sl <&, 2
OBFIZELLEAMIINIZEY UFB 24K T 2 HATH 5. /N TH—LE@BERK S NED, HERRIEIME A,

Ay, M
:r'l:: -;.i' ‘\‘:~
M . o
Oil — ——— ater B
;0
TN M.
Water w il -'."l‘-:

Fig.1 Water emulsified fuel
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Table 1 Engine spec Table 2 Fuel character
Engine Name Kubota EA14-NB Fuel LSA
Cylinders 1 Density (g/cm®) (15C) 0.85
Injection type Direct Injection Flashing Temperature (C) 64.0
Engine Pattern 4 cycle Kinetic Viscosity (cSt) (30T) 2.32
Power 11. 5PS/2600rpm Water Content (%) 0.05
Bore X Stroke (mm) 94 x 90 Carbon Residue Content (%) 0.03
Compression ratio 18 Ash Content (%) 0.001
Displacement 624cc Sulfur Content (%) 0. 048
Injection pressure 21MPa Nitrogen Content (%) 0.02
Injection Point ATDC-21° Total Heat Value (KJ/kg) 45, 560
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Fig. 3 Emulsified fuel

18 —
16 4
14 —
12 4

10

s -

os -

Concentration (particles / ml)

04 —

| | | | ! | | 1
o 10 200 300 400 500 G600 00 800 aa0 1000

Size (nm)

Fig.4 Analysis of UFB water
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Fig. 5 Experimental result by diesel engine
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