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A Review of Water/Oil Emulsion as Fuel
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Abstract

Microexplosion of water droplets suspended in fuel oil is known to improve heat transfer and reduce
the formation of particulates and NOyx. However, there exist many unsolved problems concerning the

reliability of test results, the emulsion stability and the auxiliary equipment requirements. On other conti-

= nents, the water/oil emulsion fuel has been tested for a number of years on various boilers, automobile
engines and blast furnaces. Although claims of improved fuel economy abound, the prospect is not quite
clear yet. In this review, we observe that only the colloid mills, homogenizers and ultrasonic reactors can
economically emulsify the fuel oil, and propose that an effort to develop the technique in this country
should give priority to collecting technical information and to well-controlled field tests with existing
facilities.
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oh) A mz (Aol A4S AARY sz
TH AR 37D () KSR AT 23
W) AAFE 3%, A= dA5A449 4 &
3 A 9 a FE) A H(hp) #Hz54(U.S. §) T3 A A (71 %)
Hand Stirring 1/5 0 100 25
Impeller mixer 1/5 1/2 500 15
Turbine mixer 1/5 1 1, 0060 10
Colloid mill 0 3 5, 000 1.5
Homogenizer 0 2 8, 000 0.1
Ultrasonic (4 7] w1 ) 0 5/8 6, 000 0

(2) 87t =3

Q13 W36, 000/ (1M X 10h/d X 24d/m) = W150/MH

A5 Ww30/kwh=w22/hpH

A7 (10) % F2(26%/y)/(300d/y X 8h/d) =

0. 01 %/h-g-3k4) (S A 7HE 1, 000—1, 500 W/kg o]
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Hand stirring 0.7 0 0.1 145. 4 146. 2 L 266 25 —241
Irpeller mixer 0.7 0.2 0.5 94. 8 96.2 | 148 25 —123
Turbine mixer 0.7 0.5 11 66.1  68.4| 98 25 —73
Colloid mill 0 1.5 5.4 10.7 17.6 ! 22 25 +3
Homogenizer 0 1.0 8.6 0.7 10.3 | 13 25 +12
Ultrasonic (4 7] ¥=1) 0 0.3 6.5 0 6.8 ] 9 25 +16

Ade 22 AGAd AR B9 37HC 50kg &
g beA e (222 1.5kg B wHC 1kg)

homogenizer & A}&-3}= 7 $d
W7C 744 W163)Xl4ga]:w2, 161
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.homogenizer

seld  wAe; A% ARLE)
o) AR A
) ARAAs F3 AR %,

3) 71 A7 Xy

FE51 : w3idd| IS

) 3t FEh (=)
Atlas Chemical Industries
Emulsol Corp.
General Aniline & Film Corp.
Glyco Products Co., Inc
Goldsmidt Chemical Corp.

Kessler, division Armour Chemicals

W. C. Hardesty Co., Inc

(2) Homogenizer (pulse-type) 59

Gaulin Corp. (Everett, Mass.)
Cherry-Burrell Co. (Cedar Rapids,
Crepaco (Chicago, IlL)

Rannie (Albertslund, Denmark)
Soavi (Parma, Italy)

Sonic Corp. (Wilton, Conn.)
Stork (Amsterdam, Netherlands)
Alfa-Laval (Lund, Sweden)

Iowa)

(3) Colloid Mill FF4

Eppenbach, Manton-Gaulin,
Chemicolloid Lab. , %

Premier,

() Z% Mixer TF4
Fastern, Eppenbach, NortalZ
(5) Ultrasonic reactor &3¢

Tymphonic Corp. (Plainview, N.Y.)
Crest Ultrasonic Corp. (Trenton, N.J.)
Elf Union (Paris, France)

Compaigne Francaise de Raffinage (Paris,

A4t A4

Sonolator,

France)
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{1} Gaulin homogenizer

7F) A. Gaulin 9] w7 (18991d). Plunger-type hom-

21kHz %8, Gaulin Corp. (Everett,
Mass. ; Vice President-Research L.H. Rees)ojj 4]
ol

1) 10% £/97HC o2& L F3kst S 40t/h
9 4 Rl A nY FE 1.6% F
7b, At8o] 50% Fa, NOx & 47 A4 79
Fo19 mdy W] Aol %= Aol FAH

) FIAE AE Gr FFR ALE AR 5

(2, Cottell &3 #x

ogenizer,

7} Ekric C. Cottell(U.S. P. 3,715, 104 & 3, 749, 318)
9o w4, 20kHz & A %3l ultrasonic tip o] &
reaction chamber. B8-2 A 1—54. A =H2] vl
A4

1}) Tymponic Corp. (Cottell o] B&)7} F=z Huj,
70—80-19) A4,
engines, asphalt plants, domestic furnaces(proto-
type)

=}) Crest Ultrasonic Corp. (President H.F. Oster-
man) & #=f, 15—70gph W 4. & Fo| 40—50
gph #tE] el slA o] §6,0007 80V daARe s
1819 Jd 2Adge 4

2}) Adelphi University(Garden City, N.Y.)o}} 4
/‘}3' AR, 5t/h ¢33 nded 557 AL

5% &/No.4 9 8§ Tymponic Corp. £}2] A F2-
"d::. A7 15% R ok AR = 30% AH (A
degree-day 7] 2] u]i), Cottell 335 87 o =
F. (ZA A : Engineering consultant F. J. Cashin,

Physics Professor J. Doober). ASTM o] 913 o

AL i FAEL A% AY AX 3. £A

e thg3t 2L

a. AP7) 75t ANLEE F3o =43P A,

b, 2P F719 73 (50%—20%) & AuFE glolw
7Hed 2

c. Degree-day 7| &) wlart 247t st

Agency (EPA) <]
Combustion Research Group(Research Triangle
Park, N.C.)% Cottell & E/No.6 T2 A
A% E/No.2 Aol AAAE A 94, (d
I3 QA : R.E. Hall)

) ARE AR B AdelE

Heaters, Stationary diesel

-a}) Environmental Protection

CEE IR

3o Aziag
Z(Cottell).

AF) 18—20% & /3 4FE AHEste] Az
HA e NOx & Folz 984738 10%as 3
7 E¥a AAde. ¥ #Bgix Xz gL

(3) Elf 283 43

}) Elf Union 9] 4% FF (Franceu]), Ay 2—
3uRY AR WHE(10007] o), IS
(1007]) 2@ w4 A (Electricite de France, 50MW
£ 1A d AHEF msh AAF). sRazte
o 2 % (Cinclaus).

1) €/No.6 FH2 Zlddad 958 4523,
A HAALE FAY = d5e F4 F9Y
7 e dAT F4o 59 9 2ads
wrol dgAzhe Wa Yo

(4) Total §-3}7]

FAA # F de AFE AR

7}) Compaigne Francaise de Raffinage(CFR, oj®
¢l : P. Baudoin)ol 4 w3t Total Emulsifier
(U.S.P. 3,800,372). M4 siribg. nag
o]} f-3tA & A}-&9+E inline homogenizer (12—
15kHz 733 F ),

v 48 4HA 20—70psi. =75 22 (50—300
goh £-9] A7 6, FA 37).

t}) No.4 & No.6 ZFol 20% & S3ld7d 7
tio] b gL 60—95% 7. NOx = 15% 7H&,
A5 A% “a few %"

2}) EPA(Research Triangle; R. E. Hall)ol] 4] A&
A5 CFRS) 4% 30, %3 No.2 249 2
Folt 10-35%2) £& 4ol NOg 2AE 10—
40% ZaARE EAAL
a. o} v Ag HAPolsb WA st Qo] 3l

(FFE 29 44 FE F7H)
b A ol ZEe] bgmsl go} AF Fak Ay
SRAYd AR} Foba,

w}) Energy Systems Dept., Grumman Corp. (Be-
thpage, N.Y.)ol4] 1gphe] 7144 nalglz A
L

(5) Agosta 37

7}) V.D. Agosta(Polytechnic Institute of New
York, Brooklyn, N.Y.)¢ wwd U.S. E34<%
%, 4% inline homogenizer 24 1p &2 u-
28 AR, FE3} Lxd FRen Ao
a7k £, (100gph Rl AL 3 Ao
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1”7 Zo]. 600gph A2l = Fuf Fx).

1}) Prof. Agosta 7} N.Y. State Assembly Scientific
Staff o} 2 zgHuto] o8l 25%2 E& No.2 7
ol Hel d3A7 20%(degree-day 71E). 7H4

< E& A4, AEd 44, FF 199,
Qeo150l A% AsATE 14,

t}) Energy Systems Dept., Grumman Corp. o} 4 1

goh 7HA 4 ndde 2 APF.

(6) Diesel dl@lole] AR

71) CAV Ltd. (London, England)ol4 €343
T AFHE et AAule R4 &
Aol vFAA 2.

1}) Cummins Engine Co. (Columbus, Ind. )el4] 1970
ol Society of Automotive Engineers o] 12318+
upol atel AsA A FAI UFAA ALA]
Ate A2,

() Gasoline Q718 3844,/ LE/¥)

7}) Vereb Associates Inc. (Fullerton, Calif. ; Presi-
dent F.T. Andrews)ol}lA 7}#3t gasoline/isop-
ropyl alcohol/water(32%7t4] )= A2 Ak 10%,
NOx 74 90%, 3| lead antiknocks 7} & &
sqthe 2.

\}) Vareb 5} University of Oklahoma(Prof. W.]J.
Ewbank) ¥E22 $d ¥ EZ 5o F3 AFF,

t}) EPA g 73 (Ann Arbor, Mich.) 2 California
Air Resources Board (El Monte, Calif. )9 A&
Vareb o Z&o] ZauAle]l =&& Hu 9
W 7] 245 k5 (lean fuel/air ratio)ol A& A
5w eagel wyo) geddt A

2}) GMC Fuels & Lubricants Dept. (Head; J.
Colucci)9] A @A Az Adx A g 754
g5 EFzgo] dax gedt AL FHd A
oz} A £2 glvtes AL,

u}) Ford Motor Co. & As)+= ojwj w7 Acd &
Az Z3E 837 Qlozn Azd EYarns 4
AN Vareb 2L AST B Yo

u}) Chrysler Co. Vehicle-emission Planning(Dire-
ctor: C. Heinen)o A} &= Vareb of k&9 NOx 7+
£ 5548 Fdn FHAY ARE ks F
o dAe FAR ¥AL 3,

A}) o]9F F A8 Ao 2 Goodyear Tire & Rubber
Co. (Akron, Ohio)e] U.S.P. 3,822,119. d & &
o] 75% gasoline/25% tert-butyl alcohol/3%

et 3 HI13E A4S 1975 83

water. AR} Fol FHa BE M54

©}) United Internal Research Inc. ol A] 7 23k 10%.
= /F 4{ (F-34 : Hydrelate) £ Fg A g 56l
leaded gasoline 3 W] <=3l 714 o 2 9 S-3(S-abr}
91) A4%5& vhebie NOx g #Fe 65% 7Had
o} &

8 Adx nz FHYAE (Esso/ATH £3])

7}) Esso AG Research Labs. (Harburg) 9 August
Thyssen Hitte(Germany)e] ZTEZdF. 25 djAl
of Aol wrio] H& 3—13% &/ FF ALE
€ nzel AJFozA FF HYFE 60—90ke/t
AA 140kg/t o2 Fo] FI32 A

W) e 27 2 BAE Aswgd =ZsE 25
—A40p. A o= Colloid mill 2 §3+ o]9 AR
2 &7} ¥, metering pumps, §3}4] H 759
489 f3l59 &5 A4 20—30°C. (1970. 6)

t}) Gaulin homogenizer 2 WX} A4 = o
Hoz g 27 24, JAATE §% =4,
+E A4 5°C, FF3 140kg/em®, £ A,
A Adu] Y o) 2+ 10t/h ©] Gaulin homogenizer MC
180] $28,700, ¥+ Auls ou] < $4,900.
(1970. 10)

2}) Dominion Foundries & Steel, Ltd. (Hamilton,
Canada) ol 4] & Dofasco z 2ol A}2-A % A3} =
Heol £AA HulF, odE Aoz FH# A9
% 309 B ARAAE 1% Tt A4

7}) Princeton University (Princeton, N.J.)2 I
Glassman, F.L. Dryer, D.W. Naegeli o] NSF
dul $120,0000 Z2ATF(FE, 95, ¢
a3, 2W\F gAY S&dT A,

v}) Adelphi University 2] Prof. J. Dooher = & g%
E4}-5-9] microexplosion A& AE. T3} Prin-
ceton o] 4] ¢] “Emulsified Fuels for a Combustion
Workshop” = #3319 &
ical Society, NSF, Federal Energy Administration,

(%3¢ A : American Phys.

Electric Power Research Institute).
t}) Battelle Memorial Institute (Columbus, Ohio) o} AT
1968—70 7kl NAPCA (EPA A A)32] A ok .
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