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A Study on the Combustion Characteristics according to

Evaporation rate of Methanol - Blended Fuel

E
H. M. Cho

ABSTRACT

This paper describes the investigation of combustion characterristics of gasoline-meth
anol blend in constant volume combustion chamber.

A constant volume combustion chamber was used to elucidate a basic combustion cha
racteristics and the premixer was installed to control temperature and equivalence ratio.
And the maximum pressure, combustion duration and flame propagation according to th
e evaporation rate were measured to determine the optimal temperature range for evap
oratiag @ "lend fuel These experimental results indicate that the combustion characteris
tics such as combustion chamber pressure and combustion were deteriorated by decrea
sing swrrounding temperature of fuel These experimental results indicate that the comb
ustion characteristics such as combustion chamber pressure and combustion were deter
orated by decreasing surrounding temperature of fuel injected. It was also found that t
he overall gasification process for methanol blend fuel was influenced by a combustion
chamber temperature rather than a premixer temperature.
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Fig.1 Schematic diagram of experi
mental apparatus

A o) Ysiets) ) A 2 BA) 2 5(1997)/25

211 3FA44

AP AL E FAIAHY aFg2 Y
7 100mm, & 40mm, M3 3l4cm’olv &
2oy ARz AXHUD A2y Y4
# FZE Fig2s @

-n-\\\\zgn
=R\ |
C 1T

2

%

< Front View >

< Side View >

Fig.2 Constant volume combustion
chamber

ANBHE A FE TA 0m 4
9 %A AARADL AL¥S) AV F
A% fstol A7 120m, F4 3ms O-
4¢ 4ARAT. 944 4@t s
22} 39H8(2 Y 100ks/cdt) BHE W24
FY7 A4 7h2 W@ Tl AR

A% B2 A3 AAE 271 H9q
Y4l F2¢ YF& UIN] AR AL
A ddd A% ¥Z £4& Axund
o, B4 AgAE 2na Edae 34
A7 ol AF 2me) FEAE PA AF
AA dsde U AR AAE AA%
do. 2%z Fd19 AIPIE L5m
oln A3 Mus $AAE PHoz Y

die] 498 oty AR 48 =
Aoz G, A4 Yo 7] 2= &
e, A, TR BA Y R
FALES H3A17], 38 EHa9 34 ¥
£ 2% AFRFA FFu, 2712
T 2 g3 5% dez APHUR o
AQPZEAL Table 13 ’



6/ ¥

Table 1 Initial condition of constant

volume chamber

S TUE

Bl 08, 09, 1.0, 1.1,
12,13

ALY7 2:AT)

&ﬂ‘g?(bar) 1, 2,3

QAd 25 80T(2A)

R o)

e L L AL

ABA 7| ﬂ%% d8 ¥
71 4% 3%

T8 449 252 YANA #HAS
71 $1&o 100W §F9 B3E 248 A
HAd4Lde Zd AAAHLD ol A
HAd4de 25 AAE4LY Jdery
H 3mAE AT R AAR(O=T5m,
R-Type)& AUAA AFL=AZAE
oM LE& YAHRA FAANRG.

44 W9 49 33 GAY 4
W @71 (Kistler, 601A)2 EHPE F X
7}(charge amplifier)2 FZA1# A/D WY
71{sampling speed : 200KHz)E& Z& A I
FeEol dHAA oA,

212 AAARA

Fig.32& 4¢d A4 € A28 Yegd
agelg.
A8y  CDI(Capacitor  Discharge
Ignition) Aol v}, A7 RAM AFAR
9 A=Y o ZAHE =4 ©HY
(dwell time)§ ¥ dPAME By =X~
HE Eo7le 45§ 5kQ9 7PHEAYE o
238 2Yo) JlTER HA.

12v

e

Fig.3 Circuit diagram of ignition
system

213 da#AAA

48 BAHS UAMEY FMZE Fig4dsh
2o

dAHE 71€8 BAFRF AAAMol4 7
fBo AlgsE daFAEBRRHN, A A
o) oz 98E FAEe Sdxol= B
B7l yad duolg. UMEe Ygdy
£ EUAS 92 Hol gl UM %
FA EAASH ol A HAAA FA
2 RAITE AT BAFE AT
AX, 2¢7e 4o 4AY A el
Bl siw Az, & Sudxo=E 149 ¥
AN 2l3te] ZA AT

Fuel

M emaamm—

S
,!-

l:-:jl—‘<

ot 1

Neddle valve

Injection

Fig.4 ConfiguraAt'ion of test injector

B dFdMe AFEH U9 Aje 94
HE FFAYE F glon=z ol ZFEAHA
EJAANAHE FEAN AW A= ¥ 7}
Bagoen 2 B2 Fighdd dehisl
k. a3y 7122 PMAS(Particle Motion



Analysis System)® % REgE 31

N vojAaz TEFYY ojPEY X2
I E o] 8%a Fkols PYug FAH
AlE 2AEHAOY ole oY AA BA
Hol veldA CUolE ol &3le dr &
AL ZERY TP L ey AQe
Ao

&% (v

|

Fig.5 Diagram of injector driving circuit

214 2%y 233A

Fig6& 2%u 2339 FMEoln],
QAL E 71BN 72 FHuE 287
Aate] foisdg AR, deE &
Fol 1kW(600W 17], 400W 171)e] 3l g
€ A83glen], YFAF 15A9 AP
BF71% 2= ZESUHE MEd dFY
SEE FARZE L3 gc

Weater 0 tor

Fue)
L2 =
dixture 0
Aie @

000

Q@ thermecoupte (D) vaive @ Mapror
@ Sianless pressure gauge @ Mizture control valve

©® Tempereture control vat
Fig.6 Structure of fuel-air premixing
chamber
FFu e AA FIE ANNZ A
3L, OjA7IM Ao R FErg

Ao Y23 Al 2 WA 2 8(1997)/27

AFE 7% d8 FIYE Sbarz ¥
(A & YEHgH EAADR BB A5 9
FFE 3003 TR £AIAFE FAA
on], 8 dYMe olF Tnss] BA Al
of thdt EAMAFE T3 d¥sA.

215 7HN & ZA

g ZHARE AN A A
ZtA 8 Y Eol A% Fig7od M9 o)
w2 d ARG ZANE ol g8AT

Pinh Schlieren Mitrer
Jo-lomp
Condensing
Lemz
Combustion
Chomber
MHigh Speed
e Comera
Knile Lige

Fig.7 Schematic diagram of Schlieren
system

oy 714 7HAI3 Wwy@el AL da
ZtNs ddst MEsd wHEHl] o
ol fAe B 9% viAA %e
I AN FYHE F edd $H
g3 <ddL 2389 FE &
e Wyolr. o] YL HYFHE &
TE &L A2 FAAFLW A
HA g FLA= T2 AL Y439
Knife edge2 X g3ozN 3@ FHn
& 23d ¥& ¥YEgdA FY93%c Pyl
o} oolot BLL A 300mWe IME= @
Z(VIXAHE  AH833i, o Fde
condensing lense$t pin holed& MM <%
¢ 2] Schlieren concave mirror(373 300
m) 5% HAP¥ AL d4 JFHE Knife
edgecl | o] A3l =AY L A
x2lz4 1479 2HNAC, E-10, Y&
X 10,000fps)®+  16mm W H(ASA250,
Kodak 7297)& AH8-3l9 2000fps £=8
#9330



8/ ¥

226 A{EFe 4832 9 Iy

2 A9 7ted 2 v EF ste
e dEgeel b FRER BIN
8 3 ERF TS ANAAEE BF}E
d lew, A4 E &4 FAH(PMAS)E
ol 83t FFAoz AZsHYyg.

4P ¥ ARTIFASY AZ 3=
TEHY AS=E Figss g,

amplifier
o Yo

Fig.8 Schematic diagram of experim

ental apparatus

dadae Az UBY A8 =2H
(DC 12V MPI8)E AH8319 5718 A

ik

C W e e O

5 i ¥ § é % « P
1.Obar(2 6msil Sbharl2 Ams 2 0bari3.0msin s

M FFHo| R ol¢ HER 31, dux
ol Muz AFHve YAdHAE ¢z
Aol o] st¢d R AEE EY U
£UARE HWIAANTEAM YA

3. 49434 % 13

31 AREF 54

Fig.9% Fig.10& B 4¥4A4 vEldG Z
Ze| dgddd @ PERTFXE 4 4
AEg FPYF Aolth. <] BRYHAA B
e} ol FERZE &4 JIEWAR
o tEdd deggd vid: TR &
AA e & Aolst YL ole duY
U A= el g S TR
e A$ oeEg EEMEo] 30%o M4
Me 9 Aozt A& & +7 A

of APe)A ety nis}t o] EAF 2
719 MELXE FM4 we 6.2-92m/s
2, 27184¥°lE 13 - 15mmz AEH
At

X Ohar{3.Anss)

Fig.9 Photographys of spray according to the pressure increase of injection
pressure ( Gasoline and Methanol 10% )



A v} 81 8)8) =) ) 2 WA 2 3(1997)/29

2 8misd 20barld0mnl

CRURTIMOE TE )

. L 1
14 g * % -
i3 %, P g p
$ = £ §
i (! .
. »“": N A, ¥
e ) ;

BN Al | alm T A P P

Fig.10 Photographys of spray according to t'he”pressure increase of injection
pressure ( Methanol 20% and Methanol 30% )

25

32 75&]‘3;_/.:/31 \.HQ] Dﬂﬂ'-g- ‘ﬂ‘_.ﬂ- Odis,] al 1.:5:1.'N-o.o
A2%4 iy

321 944 e stagd go
Fig.119) (a), (b), ()= A28y L7} =

355Kel 2 FFujst 08Y A% V1YY o

1, 2, 3bare]l 3714 oz WHANN B Time {insec)
$9 st2qre g vag Aol (a)

°of MEojM miE uisizrol AYd W9
t2gHL A2 W 2Y9Yo wo}
2rE F7180, vd& £ v go] 35}
Hol w3} stAEL A HPolAe AY
< Uil 1 oft e Egug
ol ol slgtol £85E Aol wol
AA S oldl weEN ALgH L A L " o ]
= RAo7 B Time (rmsec)

(b)

~N
3

Pressure(bar)
o3
e ——

T = 330X, £Q = 0.8

P,
P,
Loy
N

sacse
rocse
PO

o

w




T = 353K, €EQ = 0.8

20 oovee P, m 3bar |
sevee P, = 2bar
ber '

scova P, 2 )
s M30
i
;
IOJ

05
Time (msec)

(c)
Fig.11 Effect of initial pressure on
the chamber gas pressure
d =0.8(M10%, M20%, M30%)

Pressurc(bar)

¥¥ Fig. 1291 (a), (b), (c)= TFu7l
10979 2" g JepR Ao (d),
(e), (Hhe 2397 129 B4 7t2949
€ YEetd Zloj o HEGAM BE ul
sto] Jt2gdE e Jtgds F9s Ha
3o Ao FAF FF L Y.

Pressure(bar)

), ST ST UE URSPU P U oo iy W S VY BT S

) 560

100
Time (msec)

(a) M10 (@©=1.0)

25
T = MK EQ = 10

~20p seose P, = IJbar
" sense P, =
] soees P, = thar
S5t Mz0
[
P
a
2ot
[
b
<%

sp v

" Les TP Y S EPU S St
cO 50 150 200

700
Time (msec)

(b) M20 (0 =1.0)

—- N
v o
Y T

Pressure(bar)
3

W
T

o

Time‘ (msec)

(c) M30 (0=1.0)

25
T = 353K EQ = t.2
ssess P, = 3bar
20} ssess P, = Zhar
— seees P, = lbar
] o
)
\615-
P4
3
2 10F
Q®
S
f 5 [\.—.
- g el el e
c '

o Tl o

Time (msec)

(d) M10 (9=12)

N
(1]

T = 383K, BQ = 1.2

[M]
(=]
T
_E
"
L3
£

secse P, = 2

ssese P, = [har
W20

-
|2l

Pressure(bar)
(-]

P SR U W S S S |

(e) M10 (©=1.2)

T = 353K, 2Q = 1.2

Time (msec)

(f) M10 (0=12)

Fig.12 Effect of initial pressure on
the pressure in combustion chamber



322 A% 9448

Fig.139l (a), (b), ()& AFALEE 1)
P Aoz o] B Ay el dAa4y
Yo Lzt 353K, M0 Afold olF
MAxold BE ush Pol FFus o
FAd 9 AS A4 sl BepAs AR
o dage HUEYsY e A
34 Y=L U E T4 Ao

e
§ro
i
o
o
Lo
&
b

205

e

3

2

0

n

o

=
00
Time{msec)
(a)

]
Sro

pe]

]

.3
S

&

T

©0)

e

Fl

¥

"

«n
o

=

09 %0
]
g0

2
43
«
£

&

%
%05
i3
3

L L [l eeses
[

%]
o
=
00 A

Time(msec)

()

Fig.13 Effet of initial pressure on
the mass burned fraction
(0=08, =10, 0=12)

©¥ Fig.l4c 934 08, 1.0, 124 7
%9 A4LEE TAYF Aoz A gAY
A%< Fig139 (a), (b), ()9} B¢+ &
oy Q4 7IRel A 2AA vEdR A
o} & Aole o

BIAA o) P2 A 2 VA 2 3(1997)/3

°

Mass burned fraction
=)
w

14
o

b
o

(a) Mzon 0 = 0'8

Mass burned fraction
©
w

o
o

Time(msec)

Mass bur:;ed fraction
W

Mass burned fraction
o - ° o - -~
» o ° » o

Masz burned fraction

4
o

(b) M20, @ = 10

z%jme(maec‘f

(c) M20, @ =12

%lme(msgs

(d) M30, ¢ =08

20 o
Time{msec)

(&) M30, @ = 10



32/ ¥

323 g ERNS AideE A H
Fig. 15, 16, 17& 2y 10U 3 %9
AXHALY We A4 Ao g s
AtA ol AYAREEZFE At Ao wel

ALAYE TAIFE Aot

o]E ATdA Ry ustygol sHIgAs
&5 257 AR =AM dEg2e T
S gulgel 37 ¥4E TAPL VUL
Time(msec) o ol e AL 2AEYEY et &
olAjH AALH o Bol 9F wkgo] s
(f) M30, @ =12 AM dAaugo] wesinz HALz
F718= Aoz AAY 4 U H9HAH
Fig.14 Effet of initial pressure on Hge FFu|, RILxY I t&d
the mass burned fraction I viasid gl £ Jl&dd8s o

2 SgAdLx0 M ELE & F sl

o
v

Mass burned fraction
&
—

4
o
o

Tiweims} Frag 252 £ my Beay

Y’:{t’:ss::rt Ny Foar i Sbar e z B e Foer B oy
ar e ; -

Fig. 15 Flame propagation in constant volume combustion chamber at equi
valence ratio =10 (M10%)

Tinelre! B Phmx Pt ) Perx

Fig. 16 Flame propagation in constant volume combustion chamber at equi
valence ratio @=1.0 (M20%)




B v g ses)a) A 2 A 2 5(1997)/33

Fig. 17 Flame propagation in constant volume combustion chamber at equ

ivalence ratic @ =1.0 (M30%)
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