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Abstract : In this study, the effects of change in ambient gas viscosity on spray structure have been investigated in the
high temperature and pressure field. To analyze the structure of evaporative diesel spray is important in speculation of
mixture formation process. Emissions of diesel engines can be reduced by the control of the mixture formation process.
Therefore, this study examines the evaporating spray structure in the constant volume chamber. The viscosity of
ambient gas was selected as the experimental parameter, is changed from 21.7 mPa - s to 32.1 mPa - s by changing in
ambient gas temperature. In order to obtain images of the liquid and vapor-phase of injected spray, exciplex
fluorescence method was used in this study. The liquid and vapor-phase images were taken with 35mm still camera and
CCD camera, respectively. Consequentially, it could be confirmed that the distribution of vapor concentration is more
uniform in the case of the ambient gas with high viscosity than in that of the ambient gas with low viscosity.
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Nomenclature
I : fluorescence intensity( 3 47} =
¢ : time from injection start, ms(&A} 3 A7)
X : mole fraction(E#-&)
p  density, kg/m’(B &
@ : viscosity, Pa - sC2 A A=, AA)
Subscripts
a : ambient gas(S=$] 7] A))
f fuel( P =)
inj  :injection(FAP
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Liquid phase( /), Vapor phase(7]4}), Diesel spray(T] &£, Viscosity(“d43), Exciplex fluorescence

l : liquid phase(4)
N;  :nitrogen(& %)
v : vapor phase(~7] 4
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Table 1 Experimental conditions

Type : Hole nozzle DLL-p
E:;lfzc][:m Diameter of hole @, [mm] 0.2

Length of hole L, [mm] 1.0
Ambient gas Nz gas
Ambient temperature T, [K] 400 | 500 | 600} 700
Ambient pressure Pa [MPa] 1.46}1.83(2.19}2.55
Viscosity of ambient gas M2 [uPa - 5] 121.7125.4]28.9/32.1
;‘r:}fi‘:ni‘:azi“os“y of v, ums |1.76]2.07|235|261
Ambient density Pa  [kg/m3] 12.3
Injection pressure Pinj  [MPa] 72
Injection quantity Qi [mg) 12.0
Injection duration linj [ms] 1.54

Crmcal pressurc[MPa] Pep: 1.72 [MPa]

Critical temperature[K] T, :677.15 [K]

Experimental

7 ////”///
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506797400 500 600 700 800 900

Ambient temperature T, [K]
Fig. 1 Phase equilibrium for n-tridecane fuel in P-T diagram
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Fig. 4 Liquid phase fuel images taken by exciplex fluorescence method (Pi=72MPa, Qing=12.0mg, pa=12.3kg/m3, T.=700K)
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Fig. 5 Change in tip penetration of liquid phase against for
ambient gas temperature

<= Direction of incident light (355[nm])

DO R
S & S e

Distance from nozzle outlet Z {mmj}

22

L1 L | R OO SO W | | 1 1}
20 10 0 10 200 10 2020 10 0 10 200 10 20
Radial distance from nozzle axis R [mm]

(8) T,=400[K}, p,=1.46[MPa] (b) T,=S00[K], p,=1.83(MPa)

E; ;| ] !"{»

w
S
T T T T

Distance from nozzle outlet Z {mm)
133
3

6 1 .| I
20 10 0 10 200 10 2020 10 0 10 200 19 20
Radial distance from nozzle axis R [mm]

(c) T,=600[K|, p,=2.19|MPa] () T.—700|K], P=2.55[MPaj

(c) T=600[K], p=2.19[MPa]  (d) T=700[K], p:=2.55[MPa]
Fig. 6 Liquid phase images corresponding to fluorescence
intensity of exciplex taken by 35mm still camera
(Qi=12.0mg, p.=12.3kg/m’, t=0.77ms)
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Fig. 7 Profile images of fuel liquid phase for temperature
variation
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Fig. 8 Relative fluorescence intensity radial direction (at
40mm from nozzle outlet, t=0.77ms)
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Fig. 9 Threshold images of liquid phase
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