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Fig. 1 Structure of the vertical shock tube
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Table 1 Components of RP-3 aviation kerosene 23
Naphthenes Alkyl Indan & Naphthalene
Alkanes ) Naphthalene o
Monocyclic Bicyclic Tricyclic benzenes tetralin derivatives
52.2 33.8 6.0 0.1 5.1 1.3 0.6 0.9

R2 RPIM=HEMEEZELESEM

Table 2 Physicochemical characteristics of RP-3 kerosene

Molecular formula ~ Molecular weight Density at 20 °C/(g * cm *) Boiling point/C Condensation point/C

C;-Cys 148. 33 0.79 185 —60
Theoretical Latent heat of Low heating
Smoke point/C ) Cetane index
air-fuel ratio vaporization/(J « g ') value/(k] » m *)
24.6 16 345 43200 43

1.3 LWHE
1.3.1 BB

MG R 1 7R, S A S0 SRR AT« B e MR OB 22 A R B I A U TR A b Rl B R s RO
ALK BRI S 0 T 2 T A STE D, LR B — 2 B R 7 s PR R R IR 22 36 7 Rk 25 IR B B LR ik
2R E IR I RIER G th DHY-6 ZE 38 Bf (] 4 ] &5 (ff P ) R 3R 45 A 7 il R L SR SRR B S )
B 5 B S0 58 WU L BT R4 28 R 2 KB T A AR
1.3.2  mUNFEIR B iE] 9L #%

AR S0 K AT T R TG 1 R fih 2 T 2 AR IRD E DN 1. 00 s, AREE P A S50, HRE IR 58 4 T O R S
BT TR FE T 0. 20 s, 5 R AR MK SOHE B M5 Sk 3582 0. 10 s, Wi FRZE A 755 0. 30 s, ;X R A AT LU IE %
REA B IEH n_L 25E B TR R 0. 30 s, T A L, e R SRR E] A 1. 00 s, LB AR 1 1B KE T 4R
Z T TR G P
1.3.3 I5REEsE

SEH0 R T B RO T S 6 v 0 R 11 A 5 R L O T e M R A R b A TR I A T K
SERRRUR B R . R TR UEAE 52 — AR B 2 /0 R TR S
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STEGEIRIE N 1 Kk 8 5 T ADY I T C4 ¥VENEZY , E IR AE 5 AT LA a ok 48 98 1 e 25 1)
A, AR SCRRC 1] b Ay R A A 1 20 30, 45 HH S 6 BT SR FH R IR Y B 5 20 B 6 R

E=50945. 3+ 5860W @))
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Table 3 Mass and output energy of ignited materials

&

Uﬂ

Initiation source E/Kk] E,/(MJ « m ?) | Initiation source E/k] E,/(MJ+m %)
1D 5. 94 0.19 1D+3 g C4 23.53 0.75
1D+1¢g C4 11.78 0. 37 1D+5 g C4 35.25 1.12
1D+2 g C4 17. 66 0.56 1D+8 g C4 52.82 1.68
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BWE T 5 MRE SR ¢ M FMa MM E %M Fig. 2 Variation of minimum ignition energy with
I REBEEE E, e WWEEEE N T RERIAZ Dy N equivalence ratio for aviation kerosene cloud
491. 2 pm, Dry.1 4 354. 5 pm, BEARSZEG 45 5 WL 3% 4
M 2, R4V I ABOEE B SRR . B3R 4 REL 2 AT 2 o<1 B, i s 00 Vil 1 i 7 ke
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Table 4 Minimum ignition energy of aviation kerosene cloud with different equivalence ratios

® V/mL  E\m/(MJ*m™) @ V/mL  Eim/(MJ e m™) ® V/mL  E\pw/(MJ e m™)
0. 46 19.5 0. 82 1. 28 54. 6 0.21 1.98 84.5 0. 35
0.91 39.0 0.23 1.52 65.0 0.29

HOE 1Y =1 W ORI AR AR BE R R KA . SXIE NN 2 o<1 8 o> 1 I, RI7E 42 i 22 sl
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RS HE A T =1 I 75 25 2 (09 RE A BE U0 G . (FUR . 923800 2 Hh 9 88 = 25 T
F4 I 5L % BE B R AEL T AN IR AE o= 1 AL TR A ) 5 A — 00, JEBRC IR AN - 8 de . ol T 0PI AR = 55 4
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W I )8 RP-3 05 K 00 2 R 2l . / I -
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T A0 23 8 VT 2 2% 19 S 34 48 S R 1R R U ZF Fig. 3 Detonation velocity and explosion pressure of RP-3
Ak il 28353 D) A5 U IR aviation kerosene under different spray pressures
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B RE T b, 4 RE W, DT G 32 2 0 2 07 » 5 M T B K S 4
2.3 EBIEFEEEXTHAEENREN D
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BORRNETE ) SRR A, SCE TR iS5 IR J1 9 0. 40 MPa, W SR Lol 1. 28, SEIG 45 B IL K 5,

H1 3% 5 AL [l — A S8, po AL po AECRIYEIN ., XEH T 27 LRI B 3 U8 LB . &2
B 7 R R K S L T 37 ~ 77 AL AR R B R R R A, T 2 S AR N . RIEE, py ~ pr WU BNE
FEISEASTE 0. 10 MPa LA . F AT DU T, A28 S 22 00 8 1. 9 m JE R K R B T R 1% 4% . 55
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Hi 4 al A, B 5 R AR RE A0 0, O 2 4

Do EHIBIE po T8 E T BB T A, o] e
X% T RREHR = %5 1R PR SRR TE o] 1%°
Ve P AT () TR AR Y AR BB S L o orp 1600 2~
LGRS A L . R RE AL £ 06} 1550 &
LI 2 T B B B S AR R R AR S 0] g &
Ko XN L A . R AR SR 04 i
BT N R B TE AR R 7 5 Al O3 1™
FRAERE T IO LI 5 B A SR ERA, 20 02 o4 06 08 10 12 11 16 g
X AT B A PR A S R A TR T R RN 28 R A lgnition energy/(MJ-m®)
% 4% Kotk 22 9F HoAe A g o 72 rh BRORH™ AR i 28 R i B4 MR A B R S BB B Y B AL
AN H TS AR N FE A B RE i o vk X ME Fig 4 Detonation velocity and explosion pressure of RP-3
KRB RE aviation kerosene under different initiation energies
x5 AEARBEEEZHTHIRER
Table 5 Experimental results under different initiation energy conditions
E./ Pressure/MPa Do/ Velocity/(m = s 1) D/
(MJ »+ m™2) 27 37 47 57 67 77 MPa 37 4= 57 67 77 (m-s™ 1)

0. 37 0. 35 0.29 0. 27 0.23 0.25 0. 26 0. 26 559 520 476 488 447 498

0. 56 0. 81 0. 40 0.38 0.35 0.34 0.35 0. 36 571 537 533 521 485 529

0.75 0. 82 0.47 0. 45 0.43 0.43 0.42 0. 44 593 560 567 631 505 571

1.12 1.30 0.76 0.56 0.66 0. 64 0. 66 0. 66 693 614 618 606 579 622

1. 68 1.70  0.94 0.77 0.73 0. 86 0. 96 0. 85 774 712 654 649 609 680

2.4 RE S S X ARSI F1R E B R0
R IR R 2 5 S NI 0k B 2 LA A

WOE . RO AR 112 M/ EE [ e e
71709 0. 40 MPa, il i S5 I T RP-3 fii 25 Sl 72 066k gig
0.46,0.63,0.91,1.28,1.52,1. 67,198 % 7 ok | 1 lo0s ©
JEE M4 L A R . LR ST 2 S L3 6, E 062l 2% g
WRIER 6 R 2P R R PR IR & ] 1596 &
H AR E R A 5 TR 058l Zzz
M 6 BT LLE LB p. Ab, R AR AR os6k 1584
W45 14 f S HE TR 0. 76 MPa, AH I 1 f5c K48 3y 04 06 08 10 12 14 1o 18 20
693 m/s, V-3 F i B KAEH 0. 66 MPa, - 2445 3 Equivalence ratio
B KAE N 622 m/s, Hix KA L AEERIE Y & 5 R R B R A Ak
tboh 1,28 Wy scuselh . oE— 2035 AT, MH b T Fig. 5  Detonation velocity and explosion pressure of RP-3
B E LEUE N 0.46.0.63.0.91.1.52.1.67.1.98 aviation kerosene under different equivalence ratios

1 6 A~ SEE A L e B R A Y 1. 28 SEE A A7
KRR po 3RS T 17.9%.11.9%.8. 2% 1. 5% . 1. 5% . 11. 8% ., F- 348 ¥ D, /93 & 7 3.5%.
4.0%.2.3%.1.1%.0.6%.2. 0% . FHULATN, o B 2 6 Lo X 98 R 19 52 e L S s B g . fR &1 5 AT
M o<1, 3 B, PS5l T B4 0 R A B R R 2 E A N PR T o= 1. 3 BfFT L SF A4 Y
PR RR I, 2 J5 2518 F e B R A e AR BB “ UK, 2 ik, RP-3 i as - IR G W & 4
PR VEAEAE e AR B IO 2 1 8 3t ok 1 R et e K
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Table 6 Experimental results under different equivalence ratio conditions

Equivalence Pressure/MPa Dave/ Velocity/(m + s~ 1) D.ve/
ratio 27 37 47 57 67 77 MPa 37 4= 57 67 77 (me+s 1)
0. 46 1.04 0.65 0.57 0.56 0.57 0.59 0.56 639 633 609 578 548 601
0.63 1.30  0.68 0.60 0.59 0.56 0.53 0.59 651 625 600 578 546 598
0.91 1.28 0.69 0.57 0.62 0.59 0.58 0.61 667 638 611 581 546 608
1.28 1.30  0.76 0.56 0.66 0.64 0.66 0. 66 693 614 618 606 579 622
1.52 1.28 0.61 0.61 0.75 0.62 0.63 0. 65 632 674 606 603 559 615
1.67 1.27 0.72 0.59 0.68 0.61 0. 66 0. 65 638 676 625 594 558 618
1. 98 1.28 0.72  0.60 0.58 0.58 0.59 0.61 659 630 600 598 565 610

3 %5

(1) WA S0 v RP-3 A2 M5l i 70 G o R Bk 32 > i LU B ML 2 LB AR o=1. 28 B3k 3|
fx/MH 0. 21 MJ/m*,

(2) ARSI S5 T e FEMR 5 TR 120 0. 40 MPa, BUETEBE A R R B8 33K B fe K, 3 1 L 0% J Bl 5 ot
RIS 2 E U,

(3) S0 3 W AR IR T 0 25 VIO 2= 5 e U D RE A A% 5 L O ELIK B SRR BME D) B 42
KBRS, 78 0.37~1. 68 MJ/m” A5 a5 K RE 5 Y0 ] A A J% 1 o B w5, RIP-3 0 225 A5V ) i ool 4%
FEE, BB EECR.

(4) Wl Tl B 22 ak LU 30, i 2 JE e MR 0 S 808 i T s, EL BN MR BE X B L o= 1. 28 I, JORR) I 8 33
J5 T 38 B B i 5 (HL B 25 Tk B > 0 L Ak S 1 R IR S HCR T Rt
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Explosion Characteristics of RP-3 Aviation Kerosene
Ignited by a High Explosive

MAO Haoqing, HUANG Weichao, LI Bin, XIE Lifeng

(School of Chemical Engineering » Nanjing University of Science and Technology ,
Nanjing 210094 ,China)

Abstract; In this study, the deflagration and detonation parameters of RP-3 aviation kerosene in a vertical
shock tube,200 mm in inner diameter and 5400 mm in height, was measured at different initiation energies,
spray pressures and equivalence ratios in direct ignition by a high explosive to further explore the influencing
factors of the combustion characteristics of the RP-3 aviation kerosene. The results show that the critical initi-
ation energy of the aviation kerosene decreases sharply at first and then rises slowly with the increase of the
equivalence ratio,and its changing trends are basically in an “L.” shape. When the spray pressure varies from
0. 20 MPa to 0. 60 MPa, the detonation velocity and the explosion pressure are both in the shape of an inverted
“U” along with the changing of the spray pressure at the same fuel concentration. The detonation velocity and
the explosion pressure curves have a linear ascending tendency with the increase of the initiation energy. More-
over,when the initiation energy ranges from 0. 37 MJ/m?” to 1. 68 MJ/m?, the aviation kerosene cannot reach
the state of detonation. The detonation velocity and the explosion pressure of the fuel at first increase and then
decrease along with the rising of the equivalence ratio,also in an inverted “U” shape.

Keywords: RP-3 aviation kerosene; vertical shock tube; direct ignition; critical initiation energy; detonation

velocity ; explosion pressure
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