EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-07-04

HBAsLY / —ILKER%Z BRI
FIF I femERILNIC K B PNGNE

Ma, Yingzhe / &, i

EBMRFERLRE T RR
BEHARFARZRRE. BT2MANR
63

1

5

2022-03-24

https://doi.org/10.15002/00025280



FERARFRFRLE BIFHMERE Vo0l.63(2022 £3 A)

EBKE

BREMIE / —LKERE B RIET
PEEMERELNIC & B PR

COMBUSTION IMPROVEMENT FOR COMBUSTION CHARACTERISTICS BY USING LEAN ETHANOL

AQUEOUS UNDER TURBULENCE ROTATION FLOW
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Recent years, global warming problem caused by exhaust gas has raised up concerns. As one of the
alternative fuels of petroleum fuel and the renewable ethanol fuel is attracting attention. However, the
flame speed and combustion efficiency of ethanol fuel is lower than gasoline fuel. Previous research
studied the influence of the turbulence on ethanol aqueous combustion process, which is one of the
methods to achieve the combustion improvement of ethanol aqueous combustion. In this study, in order
to improve the flame speed of the ethanol aqueous, we investigated the effect of jet disturbance unit and
the water addition rate of ethanol aqueous by the observation of flame behavior. The main conclusion
are as follows:1) Turbulence is extremely effective to achieve ethanol aqueous combustion
improvement near the lean flammability limit. 2) With the influence of ethanol concentration in the
ethanol aqueous, the optimal turbulence condition of combustion improvement near the lean
flammability limit exists. 3) The maximum flame speed increasing ratio is about 32% when jet
turbulence device is used under the super lean combustion with ethanol aqueous. 4) When the two
same jet turbulence units are installed, especially at the ethanol aqueous E60 in Equivalent ratio 0.54,

the flame speed increases by up to 49% when using the jet turbulence unit 45 deg compared with the

case of single jet turbulence unit 45 deg.
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Fig. 1 Experimental device
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Tablel Dimensions of mixing tube and combustion tube

Combustion Mixing
tube tube
Outer 89 89
diameter(mm)
Inner 77 77
diameter(mm)
Length(mm) 770 400

45 deg. 60 deg.
Fig. 2 Jet disturbance unit
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Table2 Ratio of ethanol and purified water

Ethanol Purified water
ratio(%) ratio(%)
E45 45 55
E50 50 50
Eﬂﬁﬁ;ﬁe E55 | 55 45
E60 60 40
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Table3 Dropping amount of ethanol aqueous

Equivalence Ratio
050 |[051 |[052 |053 |0.54
E45(ul) | 744 758.8 | 773.6 | 788.4 | 803.2
E50(ul) | 670 683 696 709.6 | 723
E55(ul) | 609 621 633 645 657.2
E60(pl) | 558 569 580 591.2 | 602

(2) EBAE

FEBRCIE, MR ELAVIE E D K JNNHE 8 T D ke % R
T A2, KEBRTIIFig. 30 K 5 ITHERENEE A2 — o
B L7258 &R PR A E O IRELNERE 2 —ORE Lz
LRI OWT, ERrEITo72, 22T, ZoBEFRE L
e OV ELAVEEE [ O BB — > B 0 ZEE 2> 5 197.5mm
#%J7 & L7z, Normal [ M it ELAVES & 72 L D 35 K AR K K
BE, alI— DM ELAVEEE A R IE L1256 O K RISHEE
B, BIE S OME R ELAVEEE & BRIE L 72356 O K RAZHRH
ETHD.

:l Normal[m/s] a [m/s]

197.5mm 197.5mm

B [m/s]

:I Normal[m/s]

a [m/s]

Fig.3 In the Occasion of single Jet disturbance unit
and double Jet disturbance units
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Fig. 4 Average of flame speed
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Fig. 5 Flame behaviors
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Fig. 6 Average of flame speed in 15deg
Jetdisturbance unit
(Ethanol concentration E45, E50, E55, E60)
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Fig. 7 Average of flame speed in 30deg
Jetdisturbance unit
(Ethanol concentration E45, E50, E55, E60)
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Fig. 8 Average of flame speed in 45deg
Jetdisturbance unit
(Ethanol concentration E45, E50, E55, E60)

=@=F45 ==@=E50
ES5  ==@=E60

.z.‘—_é

0.5 0.51 0.52 0.53 0.54
Equivalence Ratio
Fig. 9 Average of flame speed in 60deg
Jet disturbance unit
(Ethanol concentration E45, E50, E55, E60)
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Fig. 11 Increasing rate of flame
speed in the equivalence

Fig. 10 Increasing rate of flame
speed in the equivalence
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Fig. 13 Increasing rate of flame
speed in the equivalence

Fig. 12 Increasing rate of flame
speed in the equivalence
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Fig. 14 Increasing rate of flame
speed in the equivalence
Ratio 0.54
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Fig. 15 Increasing rate of flame speed in the ethanol E45
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Fig. 16 Increasing rate of flame speed in the ethanol E50
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Fig. 17 Increasing rate of flame speed in the ethanol E55
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Fig. 18 Increasing rate of flame speed in the ethanol E60
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