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|_\ D 3. Control switch

1 — - 4. Nozzle

5. Charge amplifier

6. Synchronous controller

. 7. Data acquisition instrument
8. Electromagnetic valve

9. Powder storage tank

10. Air storage tank

11. High pressure air bottle
12. Vacuum pump

13. Air mixer

14. Controller

15. Methane gas cylinder

16. High pressure air bottle
17. Pressure sensor
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Fig. 2 Schematic diagram of experimental device
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Table 1 Flowability and centrifugal test results of dry water materials

TEBS AU T BT AR AR YmL

Gl IRERIC) 2 000 r/min 3000 r/min 4 000 r/min
kAR 33.1 0 55 12.1
TR — U Tk bR 349 0 5.1 10.4
RV TR R 35.2 0 52 9.8
PRE TR B 34.4 0 5.1 10.3

P B SR B N 7 e - W 6 O R N % N 7 5 0 6 i ) N SN i e /@ S )
Ik Fa 450k 33.1°, 34.9°, 35.2°, 34.4°, B/NTF 40°, PLEAFE S B AT . 4B HLEE S 2 000 r/min B,
TR RARAR G A R A L, T Bt A S ) 4 s, B8 A A KA R 2, XY B oML 38 4000 r/min
At i 2428 K PR FR 22 11 mL, AT DLR BT /Kb R AT — 2 AR e Pk, (HRE % 20 sl K, A3 4r T
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Fig.3 Mass variation diagram of dry water materials
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Fig. 4 Deflagration characteristic curves of methane gas
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Fig. 5 Maximum deflagration pressure and maximum deflagration pressure rising rate curves

at different volume fractions of methane
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Fig. 6 Deflagration characteristic curves of methane gas Fig. 7 TG-DSC curves of dry
after adding suppression agent water materials

TR i B RO A SN SE Y 250, PR KR BRGSOl A — i M AR IR L TR S A %
18, 2N AR A T P R TR U AR R T [ Sl A, DT ol 52 15 AN B 3t 1 sl sl o 2
IRENRNE . T APPRHME Rl T R K, i TR B HE AR, 7 52 T8 K BEAS IR SR B G i, A
T8 2% 290 ¥ 0 k3 5 7 A I 2 80 PR 70 28 9 R A DXl ey 4, ol o O 3 2 D 12, e 28 30K B 410 % 11

e 3 0 R A N A2 R R B — 9 70 T AR S DR — R B 11 S S N Y S 0 e e, e AR
AR I S RE fR O3 A A R, i RS A 0 T e A A S SN A ISR Y A R AT 5| K — FR A
§ilE SR, IR R AT RN, e 28 URBE iR A o 5 W e o0 T IR — S IO BB i, W R0 i 7= A

115401-5



5539 & 15 743

F S, F R S LA R Y T e B X
AN AR A BRI 5 AR T AT RN, A
FRABAE LTV, R A RE . T TR R
RN i e = W A Dol o e = P Y Y
HMDS A HLECHE A PR S A 5, Bk B 4R
TRk A 25 TSR 8 TR, 32 0 R R =
FF e L 2 DB /K RS — 8k ik oA, 2E
B A ARE R = I RE I . AR R RE S gk Sk
2% H e SR 0 A 1, S LGRS 4 Ak
RER RIS 5 [ S0 e, WHFE T K& HO-
FVH-S5 R, 3l B Tl T R, 53K
I FH 41 FE TR T 1 R 38, 8 3 v TR Ak
AR N E
222 FRMHAMZ AP b RBP4 R
LSRG

BRI EOCR 8% i, BskifE k150~
109 pwm A AN [F) 3 6 1 Kb Rk, HBE R SR IR
PEMZ A& 9 fron . ML 9 Hal LI, 48
BTk bR A (2 g F 3 @), F B SR 4K 5T
A A, S KRR T A e KR T T
PR MG, 76 0.12 s A F T 4R 7 iy 04
MR A IE ST S R O = D O I Y 273 S LB g
ER o BEE RN T KA R R K (4 2), B
St SR 1 B AR R ) A R KB AR T 1 Tk

5 il i 11
/ o 0 Y cH,
SiO, II--() SiO 0»—%1»— CH;
l_\\ \,:) 3o, ch
o SSS~ N
)
[ ®
,0 -~ @
H ® ®
e ©

B8 TR AR Y e AR AA ) S L ]

Fig. 8 Schematic diagram of methane gas deflagration inhibition

by dry water materials
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Fig. 9 Deflagration characteristic curves of methane gas
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(b) Maximum deflagration pressure rising rate
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Fig. 10 Methane deflagration curves of maximum deflagration pressure and maximum deflagration pressure rising rate

after adding different concentrations of dry water materials
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Fig. 11 Deflagration characteristic curves of methane gas
after adding different sizes of dry water materials

(b) Maximum deflagration pressure rising rate
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Fig. 12 Methane deflagration curves of maximum deflagration pressure and maximum deflagration pressure rising rate

after adding different sizes of dry water materials
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Fig. 14 Methane deflagration curves of maximum deflagration pressure and maximum deflagration pressure rising rate
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after adding different modified dry water materials
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Fig. 15 Deflagration characteristic curves of methane gas after adding different concentrations of ammonium polyphosphate
modified dry water, ammonium dihydrogen phosphate modified dry water and urea modified dry water
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Experimental study on suppression of gas deflagration by dry water materials

CHEN Xianfeng, FAN Ao, YUAN Bihe, LIAO Ruoyu, HE Song, DAI Huaming
(School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, Hubei, China)

Abstract: In order to develop green, eco-friendly and highly efficient explosion suppression agent,
hydrophobic fumed silica and deionized water are used as the raw materials to prepare novel dry water
materials with “water encapsulation by solid” structure by a mechanically stirring method. A 20 L near-
spherical explosive device is employed to test the explosion suppression effect of dry water materials on
methane deflagration. The experimental results show that, when the mass of the added dry water materials is
2 g and 3 g, it has a promoting effect on the gas deflagration; when the mass of dry water materials is more
than 4 g, it has a suppression effect on gas deflagration. The effect of particle size of dry water on the
inhibition performance is investigated. The particle size of dry water materials has less influence on the
maximum deflagration pressure, but it greatly influences the maximum deflagration pressure rising rate. The
explosion suppression performances of the modified dry water materials are compared with that of pure dry
water. The suppression effects are ordered from strong to weak as: urea-modified dry water materials,
ammonium dihydrogen phosphate-modified dry water materials, ammonium polyphosphate-dry water
materials and pure dry water materials.
Keywords: dry water materials; modifier; particle size; gas deflagration; explosion suppression
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