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A STUDY OF FUEL PROPERTIES AND COMBUSTION CHARACTERISTICS
FOR ETHANOL WATER SOLUTION
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Bioethanol is well known that the oil-alternate fuel for automobiles as carbon neutral fuel adapted to
environmental problem. Furthermore, ethanol water solution is thought effective to depletion problems of
fossil fuel resources. This study aims to examine that the evaporation characteristics, fuel properties and
combustion characteristics of ethanol water solution using a hot plate, a spirit lamp and a swirl burner. The
images of flame structure for ethanol water solution was visualized for various air ratio and water contents
by using glass tube. The exhaust gases (NOx, CO, O2) and combustion temperature are measured in
combustion chamber and exhaust pipe by using N type thermocouples. The main conclusions are as
follows:1) The Leidenfrost temperature of ethanol water solution increases with decreasing ethanol
concentration. 2) The brightness and length of flame for ethanol water solution at the low concentration for
ethanol water concentration (E45) decrease compared to the others ethanol water concentration (E60, ES80
E95). 3) The combustion temperature decreases for the low concentration of ethanol water
concentration(E45) than that of others for ethanol water concentration (E60, E80 E95) at any air ratios
under constant ethanol flow rate condition. 4) The CO emission decreases with increasing the air ratio for
the low concentration of ethanol water concentration (E45). 5) The NOx emission decreases with
decreasing the ratio of ethanol addition at any air ratios. 6) Fuel flow rate has small influence for NOx
emission under high air ratios at any ethanol water concentration.
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Figure 1 Evaporation time of ethanol water

solution (20 pL)

Table 1 Leidenfrost point

Ethanol content  Leidenfrost point Leld(esr:;r:is:g;;mnt
0, (<]
[vol.%] [°c] ]
E100 190 170
E80 270 210
E60 310 250
E45 310 270
E20 310 270
Water 330 270

Wick Length 5mm

Figure 2 Image of flame structure of ethanol water
solution using spirit lamp for various

water contents (wick length 5 mm)

Wick Length 10mm
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Figure 3 Image of flame structure of ethanol water
solution using spirit lamp for various

water contents (wick length 10 mm)
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Figure 4 Block diagram of experimental system

Figure 5 Swirler and nozzle

Top view

Side view

Figure 6 Temperature measuring points

Table 2  Fuel flow rate and air flow rate

Ethanol content

[vol.%] E45  E60  E80 | EO95
Fuel flow rate
[L/h] 4.67 3.50 2.63 2.21
Ethanol flow rate
[L/h] 2.10
2=1:12.9,
Air flow rate szf 25.9,
[m3/h] 2=3: 38.8,
A=4:51.8,

A=5: 64.7
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Figure 7 Adiabatic flame temperature as a function

of air ratio and water contents

Figure 8 Images of flame structure for various air ratio and water contents (constant ethanol flow rate, 2.1L/h)
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Figure 9 The variation of maximum combustion
temperature in combustion chamber versus air
ratio (constant ethanol flow rate, 2.1 L/h)



T, ZOMOBREE il LT, 100°C~250°C 3t < #ABETE
ERETLTWS. 2L 44 it~ X 92 E45 Ti
ERAYR IR R FERIRBE N R AE L T Z SRS S &
oD, Fiz, A=1~4 OZMETIL E60, E80, E95 DI
BFCIRBEEFEICE LW ERNZEA L ThRnZ L by
5. IhF= X ) —iEE —EIC LI LI XY, BREE
ENICHHE SN D AR H 72 0 ORBEN—E Lo
T ECRERT L EBZXLND. A=5 DFEMTIE, E45 &
E60 ([ZB W THRBEIRE MK T Lz, ZHIEK 8 225 b 5
Nk o, ERKBEEZEMIEEFICL Y REENHED
L, ZAUTPENK BRI OMEH RN IR LTz &
Eibhb.

B 10 225, IREHER 1 RO 2 OFERBERET, X
IR E RS & Hel LT, E45 D A=l D&MW T
100°C T < BREEIREME T LTV 5. Zhuid, Al bitBr
WCBW BRI, KEO—HRYZRIR E RO IR
LHEEZLND., E£i2, =45 OFZEKLERICBNT
50°C ~150°C ¥ < BRBERENME T LTV 5. 24, X8
PHLHALNRE I, EREFZHEMEELFICLST
KREDRD L, MER 2 IZBOTHRIE S V- RBERE
DT LZZ SICERT 2B 2615,

4. 6 HRHENBIEHR
4. 6. 1 COHHE

11 ZzERblckt4 2% co et &%, =% 7 — ViR
RENRTG A= L L TRYT. Fi, e LT 12 1%
BHAiEZ 43 LM T—EL L72HE TO COHEE R
T, R3IC=F / —/iiiE% 2.1 Lh R OWREHG &
43 L/h & L7ZEBRICBIT D =1 OF&MTOMBEERE (&
BERIE R 1 RO 2 OEIME) & BRBEE ORIt L
BB TOHERIRE (2 A0 5 OFEHERN 1500 mm) % 7R
R

K11 KO 12 22 BH B0 X 512, B45 13K ZE K ML AE
B (=1~2) IZBWT, ZOMOBRELE bl LT CO HEH
EAHERL TS, ZIUIRBEREIR TS, R 225R
PR IEITFE ) RoeRRBEIC L D CO BRI L7272
HEBIBND.

11285, A=l DEMHFIZBNTEZF ) — L EINERD
BREF (E95, E80) @D CO HEHEDS, IR %/ — /LIl D
BREL (E60, E45) LIbi L TIRF L7z, 24Uk, R3ITR
T EICETY ) — VRN ORECITBERIREE A Mt
PREFE BB L CTHER L TV A Z L ICilERT 5 &2 60
5. =X ) —NAiiEE—E L LIz FERIZEBW T E80, E95
TIEWT L YERIBE 2 700°C # B2 HfE L 72> TRV,
CO DFEK N 609°C THDHZ &R0, WM& J —/LIRME
RELOBBEIC B W TAREREAL TV DLZ b Y,
IRBEE 7 OEVENIZBWT CO 2Rk L CO2 & LTHE
HEahz énEzZxond. Fi2, =1 OFMFIZBNT,
E95 |% E80 & kit LT 1600 ppm T2 CO HEHE R L
TW5h. ZAUE, BERICRATH R BREER AL T D

1000

900
800
700
600

Temperature [°C]

500
—8—E45 —e—E60

400 || —a—EB0 —<E95
300 1 1 1 1 1

Figure 10 The variation of mean combustion temperature
on measuring points 1 and 2 versus air ratio
(constant ethanol flow rate, 2.1 L/h)
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Figure 11 The variation of mean CO emission versus air
ratio (constant ethanol flow rate, 2.1 L/h)
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Figure 12 The variation of mean CO emission versus air

ratio (constant fuel flow rate, 4.3 L/h)
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Table 3 Combustion temperature and exhaust

temperature for various water contents (A=1)
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Figure 13 The variation of mean calculated NOx

emission versus air ratio (NOx emission is

corrected to 0% oxygen) (constant ethanol

flow rate, 2.1 L/h)
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Figure 14 The variation of mean calculated NOx

emission versus air ratio (NOx emission is

corrected to 0% oxygen) (constant fuel flow

rate, 2.1 L/h)
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