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Fig. 1 Schematic diagram of experimental system
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Fig.2 Schematic diagram of material temperature control system
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T T BT AN A RZ R o DRIk, 78 A SCHR PSR IS 55 s 80 6 R 38 I ] 25 23 531 0 2.1 MPa Al
120 ms.  H TR AR A B P A 55 128 0L DR AR SR &R, AW T A T A A vad e, AR Al
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Table 1 Relation between the methanol concentrations

in vapor/liquid phaseand the ambient temperature in 20 L spherical vessel

B 5 Ao i L PG/ JHE/(grem™) SH BT (g-em ) AT R BE/ (g om ™)
0.2 298.15 39.6 0.217 39.382
0.2 303.15 39.6 0.276 39.323
0.2 308.15 39.6 0.348 39.251
0.2 313.15 39.6 0.435 39.165
0.2 318.15 39.6 0.538 39.061
0.6 298.15 118.8 0.217 118.583
0.6 303.15 118.8 0.276 118.524
0.6 308.15 118.8 0.348 118.452
0.6 313.15 118.8 0.435 118.365
0.6 318.15 118.8 0.538 118.262
1.0 298.15 198.0 0.217 197.783
1.0 303.15 198.0 0.276 197.724
1.0 308.15 198.0 0.348 197.652
1.0 313.15 198.0 0.435 197.565
1.0 318.15 198.0 0.538 197.462
1.4 298.15 277.2 0.217 276.983
1.4 303.15 277.2 0.276 276.924
1.4 308.15 277.2 0.348 276.852
1.4 313.15 277.2 0.435 276.765
1.4 318.15 277.2 0.538 276.662
1.8 298.15 356.4 0.217 356.183
1.8 303.15 356.4 0.276 356.124
1.8 308.15 356.4 0.348 356.052
1.8 313.15 356.4 0.435 355.965
1.8 318.15 356.4 0.538 355.862
22 298.15 435.6 0.217 435.383
22 303.15 435.6 0.276 435.324
22 308.15 435.6 0.348 435.252
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23k 1
FH B 55 Ak 2 2 i b FREEIR /K SR/ (g-cm™) AR IR (g-em™) YRR T Mk BE/(g-om )
22 313.15 435.6 0.435 435.165
22 318.15 435.6 0.538 435.062
2.6 298.15 514.8 0.217 514.583
2.6 303.15 514.8 0.276 514.524
2.6 308.15 514.8 0.348 514.452
2.6 313.15 514.8 0.435 514.365
2.6 318.15 514.8 0.538 514.262
3.0 298.15 594.0 0.217 593.783
3.0 303.15 594.0 0.276 593.724
3.0 308.15 594.0 0.348 593.652
3.0 313.15 594.0 0.435 593.565
3.0 318.15 594.0 0.538 593.462

Hi1e 1 AT RLFE M, 52 RS ) Py PR 25 S SO0 AR A7 A9 e o, ELBRSRETRLIEE 1) T i A M) P It i
8 Ao (HUR R R RN W R0 337.85 K, J& TRl A . BOUESE A B T RRAA . 32 R 2 6] A AN ]
BRI (298.15~318.15 K) FBIUA & F) (101.325 kPa) ZR T, W0 28 4 J0T 7= A (9 ST BEAR VIS, it 7
PP 2S5 102 Goted 8 220 e HC AR 22 T A JSE A A AL

2 KBERESH
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TR 25 4 A ) ALY S 36 BIF 5 AN ] UM KR M 2 R A, M 8 D7 3k MR S o 224 3% 7 R P
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Table 2 Effect of ambient temperature on explosion limit of methanol explosion

M5 AL e L R (grem™)  MEEREE/K  RESKRT)  BEE(E/MPa b TR AR IR/ (MPa-s ™)

0.2 39.6 298.15 i - -
0.2 39.6 303.15 i - -
0.2 39.6 308.15 7 - -
0.2 39.6 313.15 7 - -
0.2 39.6 318.15 i - -
0.6 118.8 298.15 i - -
0.6 118.8 303.15 i - -
0.6 118.8 308.15 b 0.627 38.146
0.6 118.8 313.15 b 0.637 39.613
0.6 118.8 318.15 b 0.662 63.087
3.0 594.0 298.15 i - -
3.0 594.0 303.15 i - -
3.0 594.0 308.15 g - -
3.0 594.0 313.15 P 0.764 105.643
3.0 594.0 318.15 & 0.794 146.714
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313.15. 318.15 K B, B & 44 K BR N BR 58 IR BE (9 &, 52 BR 2 18] P B5e KR KE R T pona, I8 A L5351
0.624~0.803 MPa, 0.643~0.829 MPa, 0.682~0.824 MPa, 0.681~0.825 MPa. 0.719~0.832 MPa,
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Fig. 3 Effects of ambient temperature and material temperature on explosion characteristics of methanol explosion
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JEE AR K BR PN ) PR I TS AR B /0N, DT M YR Vi 1) 2% 2, A R I R A R A i R
23 BIERBANRERE BMECFHSNEEIRIENZIT
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Fig. 4 Effects of ambient temperature and equivalence ratio on explosion characteristics of methanol explosion
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N f KGN R T SR B AT B 0y L oK. IR Aok, 8 i LA [ PR IR B T A
KIENEFET] T EAE (dp/de),g, 7T LA, 500 A PSR TR B2 R L, 8 iy B9 BRI 3050 3 o) FY B g 25 1
PES NS W B I 2 . o0 B 3 R AR b b A T 32 DR R R ) BB IR A R T e o5 R A 1 TR
Ao AR SR T AR AU RIS A BIRE Y HORR BE 10 B AR, B2 A DA o ik i A v TR R SO VT
LA WHRAE FH, Y 52 B2 2 1] P 0458 0 B 0 7 T s 1), o8 B ) T e IR R RO v W 55 1 T AV E (]
AR A R TR N, DTN EOE B R B R K IX, SR 5 W B K, T A UK 4

MR IER RN ABEIRIE hy 308.15 K B, Bl & {E 193 K (0.6~2.6), F B 45 3 4 T 43 551l oy
0.637. 0.720. 0.829. 0.893. 0.879. 0.857 MPa, fx KA J) b HH 36 H42.547 ., 74.824, 190.728.
268.486. 220.07, 180.458 MPa-s™'. UM 4 7, 0 K5 25 4 9 P05 Tk B 4 2 B, A L O 1 e Mk S 8001
D=1.8 1} S AL 1 S I eI RN A Y o=1.8 I, F P 55 MR A A R RO IR A . X vh TRE
o WY 55 VR VR FE RGN, WA B AR TE Z MR S 5 TR R BN, WO R 5 A AR Y e R T R AR
W3 N, e 2RI AR AR 7 A AU FE SR, A R B . 2 &> 1.8 I, i iy & REHR T 2 5 U =
BB NEZS 5 R B 200 T, MO AN BE 58 AR, I RKAERIEFE T o BEZ TR, 24 @>2.6 I, 7EAP
FOKBERAEFIT, F IS 25 V00 T 1 HE I Ak R MO 4R

MR 4 A BT, 8 R MEFR BOCRAE AR . Ry DR SR B . H AUE X R AR W 55 SR A, B oA
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YESR BE(E . MR IR R AL T F0RR 58 2 N I (=0.6 5% d=1), H EEmT SR MR 55 . 24 &=1.4,
2.6 B, 38 o P S PR BRI B (313.15~318.15 K, HH SIS 55 42 1 0 B T HE e SO IB K R T B . Y
@=2.2, REE N 308.15 K B, FH B (9 Mt 25 4 M ik B R F W BE SRR KE AR FE TR BE . 24 & b FiefE
M b 1.8 i), B T 32 PR 25 I N AR RA 78 45, L 2 Y PRSEIREE 30315 K B, HH B W8 55 S Ve o R T
B AR K I I3 M iR

R3 FREIR X RS S

Table 3 Effects of ambient temperature on explosion index of methanol explosion

ISEREE/K  HEERES BYERRE/(MParm-s™) || FMRIRE/K WIS A PR B/(MPa-m s ™)
308.15 0.6 11.549 303.15 1.8 64.913
313.15 0.6 12.744 308.15 1.8 72.878
318.15 0.6 14.337 313.15 1.8 80.047
298.15 1.0 11.547 318.15 1.8 99.560
303.15 1.0 14.337 298.15 22 39.824
308.15 1.0 20310 303.15 22 49.983
313.15 1.0 37.036 308.15 22 59.736
318.15 1.0 48.586 313.15 22 70.887
298.15 1.4 28275 318.15 22 82.834
303.15 1.4 39.426 298.15 2.6 37.035
308.15 1.4 51772 303.15 2.6 46.992
313.15 1.4 64.515 308.15 2.6 48.984
318.15 1.4 70.489 313.15 2.6 68.099
298.15 1.8 44.603 318.15 2.6 80.047

24 HEBSYNEE.HECFHELMNEESBIENRI

LS 53 50 A FR Bt KA T P BB RO T TR 3R (dp/di),,, PR EEEARY 1 T FE R M 55
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FEHIRL E BIRE . 298.15~318.15 K, FIEEMi k2 St & 4 0.6~2.6.
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B o YW Bk B A B, AR KRR S8 D=1.8 3 s Ab B SIS KN ke H . 24

(a) Maximum explosion pressure (b) Maximum rate of pressure rise
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Fig. 5 Effects of material temperature and Chemical equivalence ratio on explosion characteristics of methanol explosion
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Effects of temperature and concentration on characteristic parameters of
methanol explosion

LYU Qishen', ZANG Xiaowei'*’, PAN Xuhai'*’, MA Peng'*’, YU Hao', JIANG Juncheng'**
(1. College of Safety Science and Engineering, Nanjing Technology University, Nanjing 211816, Jiangsu, China,
2. Institute of Fire Science and Engineering, Nanjing Technology University, Nanjing 211816, Jiangsu, China,
3. Jiangsu Key Laboratory of Hazardous Chemicals Safety and Control, Nanjing 211816, Jiangsu, China)

Abstract: The explosion characteristics of methanol under different ambient temperature, material
temperature and spray concentration were investigated by using the 20 L spherical explosion experiment
system. The results show that the explosion limit of methanol spray droplets in the 20 L explosion vessel is
118.8-594.0 g/cm’. Compared with the limit range of pure gas explosion (78.6—628.6 g/cm’), the limit range
of methanol spray droplets explosion is narrower, and the sensitivity of spray droplets is lower than that of
pure gas methanol vapor. As the ambient temperature in the explosion vessel increases, the limit range of
methanol spray explosion becomes wider, and the probability of successful ignition of gas-liquid spray in the
confined space increases. When the temperature of the methanol or the ambient temperature of the explosion
vessel remains unchanged, parameters of the corresponding explosion characteristic firstly increase, and then
decrease after the inflection point of @=1.8. When @=1.8, there is a maximum over pressure peak in the
methanol spray explosion. The increasing ambient temperature and material temperature can improve the
atomization and then promote diffusion combustion. However, the effect of ambient temperature is more
significant than the factor of material temperature on the characteristic parameters of methanol droplet spray
explosion. The ambient temperature and stoichiometric ratio affect the strength value of methanol spray
explosion. When @=1.8 and the ambient temperature is 303.15 K, the intensity of methanol spray explosion
is greater than the intensity of methane gas explosion.
Keywords: methanol; material temperature; ambient temperature; explosion index; explosion limit
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