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ABSTRACT

An experimental results on the dynamic characteristics of hydrocarbon/air premixed flames with
ultrasonic standing waves are presented and compared. Images of the propagating flames were
acquired by using a high-speed camera, and the flame behavior of methane/air and propane/air
premixed flame were closely scrutinized through the image post-processing. At the fuel-lean conditions,
the flame propagation velocity increased due to the intervention of the ultrasonic standing wave and

vice versa at the fuel-rich conditions.

= =

PRzert AASe alsaA dugr] dEdsidel Tty 54 vadl tF 494 A7

HE A . Mi}ou elIAE ngNeE olgstel ASsRon, ovlA FAUE Fo)
A | olate) dgsutz

Y
o

-0,
H,
-
~
of
N
Lot
2
=)
oy
e
R
—_
=
£
L
(M
il
u2
~
of
ot
o
lo
=
=
I
[l
o
=
<
B
oo
k)
lo
of
o
rlo
re
bl
o

Key Words: Combustion Reaction($14:1+§), Premixed Flame(o]&3}3}<d), Ultrasonic Standing Wave
(B74x%9}), Flame Propagation(3} 3 2 1})
Received 10 May 2017 / Revised 25 June 2017 / Accepted 29 June 2017 LM =

Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2017.21.4.044&domain=journal.kspe.org&uri_scheme=http:&cm_version=v1.5

M213 N4S 2017, 8. ggigoﬁfé%@@gf%g%ﬁg A HEIEEEV =2 45
A A oA RES f SR dde Tdslen, d9dgERTr 5

At A speiukso] duzhgo] =4 7hte AR S ZR1SHITH10-14].

ste B A4 dLE o]&ste AAHE B AdFodMe AgdTel dste, wg/ 37

o A, &), ¢ F "3AF 2 3 Sl 28 2 Z2A/E7] dEfqsde Azt AN

He da A" AgE 3ol A ZEo] of A w FAst= 9o dAATS AFHL

FolAH, oju I AAY AAxUH} FAETY 2 ¥a, aFstaat o

7 Aol dAEtY A4 ERAFol flE

oA U] dAd AL EAse 9

WEo o8 AAHE ofF Fe dEsol 94 2. A9 x| A 2

Aol FFRES} o] dAstE dAaxd W

tgol FA3] ok AW vhEo] doju] 3199 daEee &g ALdARS 7IEst

T 3 =d oA o Ax Fo sholnt. dAE
qEgstdolA da Bt FFAHI Ax 7] WellA stdol dupste 49, dade 4

2 49A e WS Ellise De[2]l &3l HEow s AgsA HAAErs FAS=

Hzx2 BFEHA 0™ (1928), Salamandra F[3]ll AL A ot FAARIA dHHlHE °]&

o EHsdez 87 AFAH. o FHEe sto] sk WH[15] Sol AREH AL Tk

REEa R z%“ﬂ](aspect ratio)7} 2 °o]¢<d BdxEae] Bl adoz A8

‘ﬂ?aéﬂ]ﬂ ddde] dez HPse XS A dEdsdel mAe FFe BEEI

@i, Fu7E 20 oo HH W & sl AHSE AR JHEFETE Fig. 19 =4

Haldo] HkEste] yeldoan deA Ad4]. o A¥AA = AL (combustion chamber),

Kaltayev 5[5]2 HAtEAL S|4S T3 we-F &7} ZH(high-speed camera), 183 DACS

o
71 &tz #9334 FZ(hydrodynamic (Data Acquisition & Control System) 52 & T

structure) H3LE Aw ZAo|EE AAAL, FH AEY A e da THNEE S B
ZoE Xiao 5[6]0] F&-F7] dEFIAY A Fzho] daokis PMMA (Polymethyl
b 3 Fo FAddo] JHHA e Methacrylate)S AF8-3t] &% 0.15 m, %°] 0.06
cuspdll Fx# = H(secondary inflection)o] m, 4°] 1.00 m¢! ASHA FeNz A /A =} s}
Adte AHES B vk o of9f o] o Aok AsEA Ae dadPet sd d9
st a wdd ’é‘ﬁé—’} A Ad7= 2 5ol Aoz A4 g27 o}, B AP5F
712 Ao AT, dAAE 01]?}3&35}030“ of H¥sittar dAdsilth LI, AW A
A A sE AaBEekg e 2 die s 7hb AR e ALAme] FH ko] o

AES 144?/]7\] et Sle= AAol7]. ¥

Gas Mixing Device

2R F Az"dA wsE da
o 554 Aole FFA BEL shel,
37 (Ultrasonic Standing Wave, USW) |

Yl ey dage 7 T e =
ﬂ_%:_____ jﬂ_?—:}‘_q} H]— ]E]— 1 ﬁ:)l]— Xé %"}_'E-:ﬂ-oﬂ HsC Amplifier
3 staxGe AMaH A 7AdRg e WE Fig. 1 Experimental setup.

Reflector

Function
Generator

Bl o me

_E Loox 2

Igniter

off 2 BN oX rlo X 32 o

ﬂ



46 d23 - Hig

25 bardlX  AFdHe
(discharge vent)& 2t
4. ds 3 AEAe 2
Flow Controller, MFC)<}
(solenoid valve)E ©]-&3to =7] Afx

dstaen, dgst st E3hs 9l
2] A& E3H7)(static mixer)Z TAEH 7t2EF
A (gas mixing device)E AH&3tHATH AW
o dEAdEe A UM (static
sensor) ¥ & AlA| (dynamic pressure sensor)&
o]-&3st] BAE oM, Aol ZoludF 0.30 m
Aol 30 kHz® F34E Ad PZT (lead
Pb(Zr, Ti)O;) XEA
(ultrasonic  transducer)$}  HHAF X (reflector) &
ARt Fad AdEFIHFS AR
DACSE <A 7](function generator), Z%F

%% 7|(voltage amplifier), PAC (Programmable

EHols WiH

pressure

zirconate titanate,

Table 1. Condition for experiment.

Parameter Value
Gaseous Methane
Fuel
Gaseous Propane
Oxidizer Air
Initial Pressure, P 1 bar
USW Frequency 30 kHz
* ~
Equivalence Ratio, ® *i\l/i; i 8;~1§

*M/A: Methane/Air, **P/A: Propane/Air
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Fig. 2 Superposition of evolutionary flame fronts at various equivalence ratios (time interval: 8 ms).
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Fig. 3 Overlapped CsHg/Air premixed flame fronts at
® = 1.1 (time interval: 4 ms).
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Fig. 4 Comparison of the propagation velocity of
CHy/Air and CsHg/Air flame with USW.
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Fig. 5 Combination structure of methane and propane.
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(b) Methane/Air at ® = 1.2
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Fig. 6 Pressure variation in the premixed chamber at various equivalent ratios with USW.
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Fig. 7 Effect of ultrasonic standing wave on the variation of flame velocity and chamber pressure.
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