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Fig. 1 Double pulse pneumatic spray multiphase explosion
test system

1—ignition source, 2—pressure gage, 3—liquid storage chamber,
4—non-return valve, 5—connection synchronized trigger system,
6—pressure sensor transmisson cables, 7—connect high pressure
pump, 8—the laser, 9—combustion temperature data recorder,
10—air compression chamber, 11—solenoid valve, 12—Ilight
sensor cable,13—the position 1/5 of the vessel, 14—the position

1/2 of the vessel,15—the position 4/5 of the vessel
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Fig.2 Optical measurement system of measuring particle size

and concentration of liquid spray
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n-decane(in which the explosion lower limit volume concen-

Vapor-liquid two-phase concentration trend of the

tration of pure gas phase n-decane is from the literature[ 23] )

Experiment data of the vapor-liquid two-phase concentration of the n-decane (80 ms, D,,=38.11 um)

mean value

pneumatic pressure of design spray loss spray total actual
pressure 80 ms time dose (DSD) dose (LSD) concentration  meanD!) actual actual? actual
/MPa node in the /g - m™ /g - m™ of n-decane /pm concentration of concentration of concentration of
vessel /MPa /g +m™ liquid/g - m™ vapor/g - m™ vapor/%
0.8 0.104 730.00 182.50 547.50 38.60 436.67 110.83 1.77
0.75 0.104 671.60 167.90 503.70 38.83 415.33 88.37 1.41
0.7 0.103 554.80 133.15 421.65 36.79 343.67 77.98 1.25
0.6 0.103 474.50 132.86 341.64 36.21 268.67 72.97 1.17
0.5 0.103 401.50 112.42 289.08 39.53 219.67 69.41 1.11
0.5 0.103 365.00 113.15 251.85 35.86 194.00 57.85 0.93
0.5 0.103 328.50 88.70 239.81 38.91 184.84 54.97 0.88
0.5 0.103 292.00 64.24 227.76 38.17 175.67 52.09 0.83
0.5 0.103 255.50 56.21 199.29 40.07 151.34 47.95 0.77
0.45 0.102 219.00 52.56 166.44 39.10 127.00 39.44 0.63
0.45 0.102 146.00 35.04 110.96 37.14 78.47 32.49 0.52

Note: 1) Mean Dj,is the average value of D, for up, middle and down position of the vessel; 2) Actual concentration of vapor is obtained through conversion of ac-

tual concentration of vapor (g - m~3) under the initial environmental conditions of test.
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Fig.4 Particle size distribution of n-decane sprays at the different liquid phase concentration(80ms,D,, =38.11 um)
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Fig. 5 The trend of detonation pressure peak of n-decane
sprays at the different vapor-liquid two phase concentration
(80 ms,D,, =38.11 wum, In which the explosion lower limit
volume concentration of pure gas phase n-decane is from the

literature[ 23 )

AE Z8 Pt 25 55 A [ R 1P R e R T i 0 {34
K16 Frn . miPE 6 RIAL, FEAR R DX TE] P, TE 5% Joe 1k i 0

B2 IEZE 2 Bk T VA (AR ol 0 {52 98 K (40.32 ), Dy, =38.11 pm)

Table 2
38.11 um)

Experimental data of detonation pressure peak and detonation temperature peak of n-decane sprays (40.32 J, D,, =

total concentration n-decane liquid-phase n-decane vapor-

experiment times maximum pressure maximum temperature

of n-decane/g - m™ concentration/g - m™3 phase concentration/% (F/S) /MPa /°C
547.50 436.67 1.77 3(S) 0.90 723
503.70 415.33 1.41 3(S) 0.97 786
421.65 343.67 1.25 3(S) 0.85 736
341.64 268.67 1.17 3(S) 0.84 733
289.08 219.67 1.11 3(S) 0.70 777
251.85 194.00 0.93 3(S) 0.64 807
239.81 184.84 0.88 3(S) 0.62 812
227.76 175.67 0.83 3(S) 0.60 784
199.29 151.34 0.77 1(S) 2(F) 0.52 630
166.44 127.00 0.63 3(F) - -

110.96 78.47 0.52 3(F) - -

Note: In experiment times (F/S) in the table, where F stands for " fail" , S strands for " success" ; in which 3 (S) represents the results of three experiments are suc-

cessfully ignited. maximum pressure and Maximum temperature lists the maximum in the three tests; in which 3 (F) stands for the results of the experiment

three times are not successful ignition.
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The trend of detonation pressure peak of n-decane
sprays at the different gas-liquid two-phase concentration

(80 ms, D,,=38.11 um)
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Table 3 The average particle size difference range of liquid phase n-decane (D,,=38.11 um)

liquid- phase position 1 position 2 position 3 mean value mean value of all relative error
concentration/g - m™ Dy, /pm Dy, /pm Dy, /pm Dy, /pm experimental data Dy, /pm /%
436.67 37.68 36.66 41.46 38.60 38.11 1.29
415.33 37.89 38.12 40.48 38.83 38.11 1.89
343.67 34.77 32.78 42.82 36.79 38.11 3.46
268.67 34.60 28.96 45.08 36.21 38.11 4.99
219.67 35.93 36.26 46.39 39.53 38.11 3.73
194.00 33.11 39.46 35.02 35.86 38.11 5.90
184.84 36.45 41.39 38.90 38.91 38.11 2.10
175.67 39.90 38.87 35.72 38.17 38.11 0.16
151.34 44.82 36.77 38.62 40.07 38.11 5.14
127.00 38.54 39.26 39.50 39.10 38.11 2.60

78.47 35.40 37.48 38.54 37.14 38.11 2.55
CHINESE JOURNAL OF ENERGETIC MATERIALS N XcEix 20154 # 234 %78 (663-669)
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Pt 23 B T 0T I 1) A Ve EE TR /Al 2 i KRR R D A g e
EHE

M SCHR [ 2527 TRl A1, i M ATk 5 s ROR &
i R PR VG 5 o R % TR DA L () 28 1 B 5 B A AR 55
o, JF AT T 20 R A i JRORR IR DA L ) WA T 28 e VR AH
184.84 g« m™ SAH10.88% (Hll: BNy 239.81 g - m™),
M fe KRR 0.97 MPa 1 BL7E I HH 415.33 g - m™ |
SAH.41 % (HY . SAvkEE R 503.70 g - m7 ) X i
WY IE 58 bt = 55 WOTR AR U B i b, ol T 28 & BT 51
L 1 RS i 5 AT 3B 14 R AR, R IR b Il BE A W] 1Y

LA
4 #£

(1) IEZBEAE Dy, H 38.11 um, & kg 40.32 |
ST AR T PR AR 199.29 g - m ™,
Hoh A IR B R 151,34 g - m” MR BT B
N 0.77 % ;3% W IE 58 ot 2 55 Y RH v 3 o SR 8 1 BR 5% 1
BN TSR BE A R T R F 22 5 e [ =

() EREESBPHEE E R KBEIEMEN
0.97 MPa, tHBLAE IE 2 e A AR B 1.41% , By
RV R IO 3% U R KM R 0 (s 5 R R
IO PR AR W B K/ B A T e R MR Tk 06 {14812 °C
TR I 28 BE S AR MR B 0. 88% , i B 1E 28 ot = 55
TR R4 HIORR 8 o T X R 8 TR B AT S R R
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(3) IEZEBE MM AH 2= 55 SRR IR B2 1R BRI I 4R
TG R IR 812 °C, I AE Bk E ol 239.81 g+ m™
(Hor. MR B BE 0. 88% , & A it & Wk 78
184.84 g - m™) ; WRIGEIR B iR 786 °C, AL Bk JEE
9 503.70 g« m” (AR 1. 41% , % R A4 9
R fk e S 7E 415.33 g - m ™) .
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Influence of the Gas-liquid Two-phase Concentrations of n-Decane Sprays on its Explosion Parameters

WANG Yue, BAI Chun-hua, LI Bin, LIU Xue-ling, ZHANG Qi
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: To study the influence of the vapor-liquid two-phase concentrations of n-decane sprays under the same particle size con-
dition on explosion parameters, the n-decane sprays with different concentration of vapor-liquid two- phase based on Sauter mean
diameter D,, were studied by an optical measurement system of particle size and concentration of liquid spray and a 20 L double
pulse pneumatic spray multiphase explosion test system. The explosion parameters were measured. Results show that under the
conditions of D,, as 38.11 pum and ignition energy as 40.32 J, the low flammability limit(LFL) total concentration of vapor-liquid
two-phase n-decane sprays is 199.29 g - m~*, corresponding liquid-phase mass concentration is 151.34 g - m*and vapor-phase
volume concentration is 0.77% ( V/V). The maximum detonation temperature peak and maximum detonation pressure peak in the
flammable range of concentration is 812 °C and 0.97 MPa respectively. Under the condition of D,, as 38.11 pum, the influence of
liquid-phase concentration of n-decane sprays on the LFL is smaller, whereas the dominant factor affecting the LFL of n-decane
sprays is vapor-phase concentration.

Key words: particle size distribution; concentration of sprays; explosion parameters; n-decane
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