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Spray Dynamics Simulation of Liquefied Butane Injection

O e
(Hua HUANG)  (Tsuyoshi NAKAJIMA)
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(Kobe Univ.)

The purpose of this study is to predict droplet breakup characteristics and spray characteristics of intermittentbutane
injection. In this study attention was paid to the breakup of liquids and the droplet collision in order to quantify the spray
formation and development in a furnace. The predicted results were compared with the experimental results obtained by
a phase Doppler anemometry and could clarify the spray pattemn, the arrival distance, the droplet diameter distributions,
the Sauter mean diameter, and the vapor concentration in the butane injection.
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# 1 Specifications of PDA
Focal length (mm) 600
Spot diameter (2 m) 180
Fringe spacing (12 m) 8.17
Fringe number 22
Maximum measurable diameter (12 m) 157.3
Maximum measurable velocity (m/s) 73.5
Minimum measurable velocity (m/s) -24.5
Wavelength (nm) 514.5
where
Focal length of receiving optics 310 mm
Bandwidth of signal processor 12 MHz
Frequency shift 40 MHz
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Fig. 1 Schematic of experimental apparatus
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Fig. 3 Disintegration of swirling liquid film and liquid
break-up model”
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Fig. 5 Spray pattemn and droplet distribution
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Fig.6 Trajectory and velocity vector of droplets
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(a) Experiment
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(b) Calculation

Fig. 7 Change of droplet velocity ,Sauter mean diameter and sample number with time (x=10, r=1.5, 5.0mm)

BHEHERETOIRONI D, BEAGHBEOHIIN 7
OEOD & HICEREL D DT ThidBT O AN D
LEASSHEEDE o) & Bbh 5. FEREE bOH
O EZALER 7 UIRY . =5mmTOD H X AH B
RIFEBREER O/ FIFHRRIVBFEXETHS. W 70)

[ & SESRIIR(SMD)D B RIZAL % R~ 3. Hy & TPy
KR (SMD) I ERME R EFERERINBI-HL TS,

FRNTAE B TIE20 w mELF OB RSB SIS 7 Ol T
AT U, ST T SmsELRIC B O A 7 0)D $)D
KT IR. FBREE R T I AL T Sms LU IS BT

(14)



(L eAld

Vol.6, No.15 (1997) 69

—~ 507 T ~ 507 ]
%) = - () B 4
E A x=50mm | x=50mm g A x=50mm ] x=50mm
‘g ] r=3mm 8 =7mm ] s =3mm . =Tmm
b= ° e o E e
5 DA (R I 251w o | at
S ] ° ] L' s ] *% ] L
< A % . o0 < 4 i ] Y
& 4 ‘.. i o 5 J ° 4 °. °
< o Capmoe o - %000, o1 soie o ®
. TTI LT ITA T LT LT L G O B R N i R G A LR (i G B e e e [ P B o (R S i T B o |
§ 100 7 B
3 1 [ ] -1 ® :110(): -
5 ] T ]
% ] ] o = % ] l ] '
S 50] « B N e O o
ﬁ g Y ° . ) o‘. e® T g 0, ° g o0
o ® @y ] ) g * % ) il
g T %o ° . ° ) E .
§ 0: .ﬂ‘..% ] o .o’.o ¢ E . .....oo oo ..
3 i 3 07 e0e® o
i 507 (‘n% 50 Y }
3 e .
: ]y Y 0y
g ] ] 020~40 & 7 0 e 3%
= g & Y 010~20  Z ] o 6 10~20
3 257 8 1 ! i L 8251 o 3) 85~10
T>) ] = ° ] = T>’ ] " u A.O 0~35
= n i %é' fg ] %. 080 s
: e - 4 N O
5 0 Hamgn | %MSD < * -o. o 2 ¢ (.)AOAAO
200 200+ R
5 - g :
£ @) E ] M 17
g g 1 il
21001 21004 ]
a g 4 §
L L | 4
o : o :
0 5 10 0 5 10 0 5 10 0 5 10
Time(ms) Time(ms) Time(ms) Time(ms)
(a) Experiment (b) Calculation
Fig. 8 Change of velocity, Sauter mean diameter and sample number with time (x=50, r=3.0, 7.0mm)
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Fig.9 Distributions of droplet velocity and Sauter mean diameter in the raidal direction (x=10mm)
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Fig.10 Droplet velocity and Sauter mean diameter for raidal position (x=50mm)
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Fig. 11 Calculated droplet distribution at various
time after injection
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Fig. 12 Calculated vapor concentration of butane
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