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Abstract : Water mist is expected to have physical and chemical effects on the laminar flame speeds. In the present study,
the effect of water mist on the flame speed and structure of propane-air premixed flames is numerically simulated by using
PREMIX code of CHEMKIN package, modified to include the evaporation process of water mist. Evaporation process
was assumed to follow the Arrhenius law. Chemical kinetic models for propane oxidation were evaluated by comparison of
simulated flame speeds with experimental data for the case without water mist. The effects of water mist on flame speeds are
separated into the dilution and chemical effects of water vapor, and the thermal effect which includes the heat of evaporation
of water mist. The most effective is the sensible heat of water vapor, which is followed by the heat of evaporation. The
chemical effect is relatively small but cannot be neglected. When the water mist is added, the flame temperature decreases
due to thermal effect which reduces the rates of chemical reactions involving the radicals such as O and H, which have the
positive sensitivity of flame speed. Furthermore, three-body reactions involving H,O are enhanced. These reactions have
high negative sensitivity of flame speed due to high chaperon efficiency of H>O.
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Fig. 1 Laminar flame speeds (Numerical calculations and experiments).
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Fig. 2 Effect of 7, on temperature distributions and evaporation
processes for <WMG>, ¢ = 1.0 and 1354 Xjp,6 = 0.20.
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Fig. 3  Effects of 7, on the major species concentrations for <WMG>,
¢ = 1.0 and 1354.X,; = 0.20.
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Fig. 4 Concentration distributions of water vapor and water mist gas for
¢=1.0, Xy0=0and 0.2.

ETIILTIE, 7 v ORLEOS IR BT AE L 72 KRS DS
PRBEST ATl Xypp=0.15 12T %, KEKIEKIGE 7L
B L OKERLDLIGE T ILTIE, TOKER Xpo =02 21
MERLBE, FIEHBITIE Xpo =032 1ICE THINY 3,
L, 2 MRITEFLTIE WMG DZEFEIC X b IRik
ML Xppo =032 ICETIET 2., CORER, SA 2T 4 —
—IAMHRERETS I EICLD, A FDEFEK
EHEE L KEEEDOMTR R TH 2 2 DS I
ot FELIDEFILTIE, "4 —F—3I R MEITE
WhHDVIEARHCTRBIIEET 2HENH D, MEE X
ORI IZ BN TH 5.

-

(90)

HABME &5 555 %174 5 (2013 4E)
40§
N,
= \'\ ".\"}» 2 §
: ERENN 3| B
Ewnl ™. ROV 5 8
. EREN Q
= N RN =| =
2 .. DTS 5| &
2 = AR =| 5
@ N S o =
@20 N, T SIS ©
E N el Y
] N,
= ——- (W 3
= T
10 F e <R> ~. - ;E)
--= (WMG) T~ ki
0 1 1 1
0.00 0.05 0.10 0.15 0.20

XH:20 Mole fraction

Fig. 5 Laminar flame speeds of propane/air mixture with and without
water mist for ¢ = 1.0, X750 =0 and 0.2.
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Fig. 6 Temperature distributions for ¢ = 1.0, X370 =0 and 0.2.
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Fig. 10 Logarithmic sensitivity coefficients of flame speed.
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