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Experimental Study of the Hydrogen Proportion and Ignition
Energy Effects on the CH,-H, Mixture Explosion Intensity

MA Qiuju'?, SHAO Juncheng', WANG Zhongshan', LIU Jiaping'

(1. State Key Laboratory of Coal Resources and Safe Mining, China University
of Mining & Technology (Beijing), Beijing 100083, China;
2. State Key Laboratory of Explosion Science and Technology,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: CH,-H, mixture explosion experiments were performed in a 20 L spherical explosion vessel with
the equivalence ratio of 1. Gas proportion and ignition energy were varied to explore their effects on the
explosion pressure and intensity. It is found that higher hydrogen proportion causes higher explosion shock
wave propagation speed, while the ignition energy has little effects on the explosion shock wave propagation
speed. Higher ignition energy can enhance the explosion overpressure, and this enhancement effect is
remarkable when the hydrogen proportion is lower, and is not evident when the hydrogen proportion is
higher. The effect of ignition energy on the explosion severity index K is not evident, but the effect of
hydrogen proportion on K is remarkable. The positive effect of hydrogen addition on K is very slight at
low hydrogen proportion while it becomes much more pronounced at higher hydrogen contents.
Furthermore, the explosion intensity of hydrogen is approximately tenfold of that of methane explosion with
corresponding same equivalent ratio, and therefore, the presence of hydrogen will greatly enhance the
explosion hazard of methane.

Keywords: CH,-H, mixture; ignition energy; hydrogen proportion; explosion overpressure; gas explosion
severity index
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Fig. 1 Horizontal pipeline explosion characteristic test system
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Fig.2 Effect of heptafluoropropane concentration on 9.5% methane-air explosion flame propagation process
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Fig. 5 Explosion rate of pressure rise for methane-air premixed gas under different heptafluoropropane concentrations

®2 TRLtARKRRETHRR-ZESTRSHBERKBIEAERE
Table 2 Maximum rate of pressure rise of methane-air premixed gas explosion
under different heptafluoropropane concentrations

Volume fraction Maximum rate of Maximum rate of Maximum rate of

of C;HF,/%  pressure rise I/(MPa-s')  pressure rise II/(MPa-s™') pressure rise III/(MPa-s ')
0 2.416 2.309 2.413
1 2.500 1.647 2.386
2 2.367 2.203 2.046
3 1.945 1.900 2.396
4 1.925 1.840 2.010
5 1.302 1.231 1.411
6 1.385 1.313 1.346
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Inhibition of Methane-Air Explosion by C;HF, under Strong Ignition
CAI Chuang', CHEN Xianfeng', YUAN Yalong', HUANG Chuyuan', YUAN Bihe'?, DAI Huaming'

(1. School of Safety Science and Emergency Management, Wuhan University of Technology, Wuhan 430070, Hubei, China;
2. Hubei Key Laboratory for Efficient Utilization and Agglomeration of Metallurgic Mineral Resources,
Wuhan University of Science and Technology, Wuhan 430081, Hubei, China)

Abstract: In this work we carried out research on the anti-explosion effect of heptafluoropropane in the
process of methane-air premixed gas explosion propagation in equivalent ratio, in order to solve the
explosion accidents in the process of gas transportation. This experiment used a horizontal pipeline explosion
characteristic test system with an aspect ratio of L/D=108, studied the effects of different volume fractions of
heptafluoropropane on the maximum explosion pressure, maximum pressure rise rate and flame propagation
velocity of 9.5% methane-air premixed gas under strong ignition. The experimental results show that when
the 2.5 m long pipe section is used as the heptafluoropropane explosion suppression zone, the minimum
volume fraction of heptafluoropropane which can suppress the 9.5% methane-air premixed gas explosion
flame propagation is 5%; when the concentration of heptafluoropropane is 1% to 4%, the propagation of the
explosion flame cannot be suppressed, and the flame propagation speed is accelerated compared with the
control group; when the concentration of heptafluoropropane is 1% to 6%, the peak value of the explosion
pressure at the source of explosion and end of pipe gradually decreases with the increase of the concentration
of heptafluoropropane; when the concentration of heptafluoropropane is 3%, the peak value of the explosion
pressure at the explosion suppression zone increase by 10.9% compared with the control group.

Keywords: strong ignition; heptafluoropropane; methane-air premixed gas; explosion suppression mechanism
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C,H/N,O FUR SRHIIRSR M RE 5 K I i Fs 1
FIHVERE FEW. G RLE BV g

(1. M PR T R T 2208, V95 M AT 210094;
2. FEZK R B RSATE BR hoL, YT B 210094;
3. b E MRS H AR AN, LA 100074)

WE: XA EHNBBEELRRENCH/NOMBA RN R EZMELS K ERERHATT
SRR EREXVEXREEAVHBEFTTRAARALE T TRBH R RTE, K KwH K
Yo T R m EAE AR S.10 40 15 mm B9 8 3 F R K BN TR AR P N CO, (2.4%, &
AE) B, KGR B AEE, SOk B T AR E R I B BUR AR R AR E B A 2 207 m/s,
BE N 3.92MPa, 5ERME —B; FETHREKBENAEELAGRNEFNIERTREEN
0.5~0.7 mm, FRA KK G FHERFERA, TEMA, FEMEE . REFRER R KIGE
FErr e KENXR, TIHEFEXEENARKE, AT A EXEERITRESS

K BEIR): TR AU MR 8 R A CHY/NL,O

& 9 2 :0643.2; TISS CRAFRIAAG: A
C,H/N,O 1E A —Fpgr Rl g o s g o bR, A & el Ruks . BI0AE D RS R SR

PERE, ITAPRAZ 2N 2 !, BRI M AR e, AT TR IR T RV A, (R AR S S A R A R
A AR, R TR IR S P VAR, AR SR, M e RS T KA R R T U
B RAER K, 5l RFE,
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AL T ARG K RS K AR &R CHYN,O TR SRR R AT N, 158 T S0 iR s )y, &
B R C-T IR ERFESRB IR . Movileanu Z " FEWI4f K 718 50~ 150 kPa, 60% N, # B 514 F, &
X C,H,/N,O T [BIFETE A8 18 A 4 R 0 R ) b sl ek AT T S Bepoe, 15981 T B KB KE R 1 50 th
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1.1 KFN 5T

SEEGREE FHEMMRREEE . BERER. WRRE . AKRGE. KN RGN FEE R RG A
B PR A MW RP . B —AE VLI R b i M4 &8 18, HOP B LRI b8 F TR TR X
R IR, 78 10 ) TR 9 TR M 11 Sk b

B ALBE B A 1 RS an e 1 iR . B4 C1. ®1 BNEBEEERY
C2MCIMWEKEH 1400 mm, N5 M5, Table 1 Geometrical characteristics of PMMA channels
10 1 15 mm, BEJEIH 5 mm. BREEE C4 K E Channel Jmm  dmm  ld  V/mL
S 2 000 mm, N 15 mm, A k00w N B K 300 mm C1, smooth 1 400 5 280 27.5
B IEE FR, IBE FR A BRI R 5 mm, AME R 15 mm; C2, smooth 1 400 10 140 109.9
B 5 K A5 100, 400, 600, 800, 1 000, 1200, C3, smooth 1400 15 93 2473
1 400 11 600 mm 4b2EH & &GS, 7 BRid C4, rough 2 000 15 133 112.5

P2, P3, P4, PS5, P6. , 1% RS Note: / is the length of the PMMA channel; d is the inner
b P1. P2, P3, P4, P5, P6., P7 Fil P8, 1& 8% i
W47 5 B 3545 N g%}f.qz, A %@z%g;ﬂ%ﬁ PCB- diameter of the PMMA channel; V is the volume of
113B24, I 15 1 55152 2 2.3%; R 4 14 1k 7 i) the channel.

W B R ) 0 2 aed A S O N 2, TR ey SO T RBR A CAn B RN 1 B AR
B H AN B 9 A0 A A LB A AR, LR NS AR A R D 1 000 mm, A2 R AL E, 7 S e e 4
Sk 5 A DL 8 5 U S SR P T TR R TN, R R A 5 e e B A T L KA A
RN B A AN, PO IR . 2H A N B RN E 2 R

Pressure transducers 200 | 200 |, 200 , 200 | 200 , 200 300 | 100

225

\WAVAY,

AV /‘\\'ll\'/\'/\'l\'l\'l\'l ':\'\',\

\WAVAVAY
ARARAAAAARAAAY

Slide valve

Shchelkin spirals

2 000

Bl 1 AHBEEE C4 Al (FAAL: mm)
Fig. 1 Schematic of the PMMA channel C4 (Unit: mm)

Verification channel

‘ /=100, 500, 1 000, 2 000

K2 HEEIERER AL mm)

Fig. 2 Schematic of the combination channel (Unit: mm)

BC AR 38 2 A R e T AR T A . SR Y T I RS 2% A28 A BR A Rl Y S48 300HMT
W, R E A 500 mL/min #1200 mL/min P FRELES, 525K £0.5%. BLACHT, JeB4S (10 L E
L2, FARIRFEA CH, FlN,O, SR 58 He I AR 1), #0824 h, MESUATR G 5P, R
24 35 0, 5 KA A TR — i, B PH 22 4% 0.6 mm, 1 100 mm), f5 JC 38 B L TR 20 V, Rl
20 W, K H A< PHOTRON 23 ] i “FASTCAM” 2 51| & AR HLAA 8%, 0808 1 Ry 10° i REAb

N,O. C,H,. CO, M2l ¥k 99.99%, N,O/C,H, It~ 9 ¢ 1, #2fbai 2 i kb, S AL g o 2o
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1.2 SLHEI=E

FEAADK Eas | A R BEAE T8 18 o =0 B 18 i R 7 B IR T R B 2SS BR e A i il
BHES, A HBUGEL AR (KA AR WU I 3 I, RIE B IR A SR T AR BT 2 R
F1°4 0.1 MPa, & PSR 15 8 KORG8 o [7) 25 7 ) 2R 408 80 18 A s 104 L IR T, rERE R AT T 1 s S5 3%
W AR, TFER Ak, RIS ShE R HE I R 4, i] 558 . AP ssl &0 F it 3 k.

2 FHRE5R

21 EBERXMNANIEEBIFENE

P 3 Ay i 4 T A2 9 o 8 I st ] ) 78 b 1 2, Ak B o 3o % 52 PRI st LA HE B AT AL e A Sl R st 2
B & 3 AT C1(5 mm) . C2(10 mm) A1 C3(15 mm) 3 Ff 45 T8 A J IR K hE DA s i % 488 28 2 s 44) st i)
B 1.2, 1.4 F1 1.6 mso s KPIHA(0~0.8 ms B Bt), 5 mm 4 i KA A5 35 3 3 B B K F 10 A1 15 mm
o 5mm B HIRSEGSEZ IS, KRR T R EE K, 0.2 ms B3 B 250 m/s, 0.4 ms B &
4% 1 044 m/s, 0.8 ms B 3 J& g — 2548 55 1 661 m/s; 10 mm 45 P, 0.2~ 0.4 ms i [A] BE PN KO 15 475 1 3 2
23K, 2978 250 m/s, 0.4~0.6 ms B[R] BE Y, KOG IERE AR B, 0.6 ms B 3 B2 3% 2 24 600 m/s, 0.8 ms
B KB TR R 1541 m/s; 15 mm 45171, 0.2~0.8 ms Z [A] JCHAGRE R 1 R 2808, 3 238 m/s 14 &8 457 ms,
I B BERUTR SR A T AT AR AR B B o DRI M 45 A0 R T I AR 55 ELAR B, A AR RSP R, K H
0[] — BsF 2200 %6F 7 149 2K R /0N, 55 Sk iR A Y 45 SR Y A — B[R, N 3 AT LA H, 5. 10 AT 15 mm
3 Tl A% B0 A5 T v R AR M i RO R ) 1 871, 2 021 1 2 341 m/s, KR A4 0 K 1.0,
1.0 Al 1.2 ms. BB 72 038 K, TOTR KR 155 e R B 52 B0 R 34, 30 32 02 N R A Al /N, A 2k
8O RRR B )N

] 4 SR N I B Bl ) A AR A it 2 . bl 1] 4 AT 05K 0~ 0.4 mssf 8] B P, 0 T ekt 5 Bl 2
ARG R/ o PR AR SRR, 5 mm 48 Hh JORA sk B Bl B (1] JL-F- 52 B 26T F%, 0.2 ms B
BB A K, U6 B S5 mm A8 T Y TR SRR R S AR PR AR OR B R 2 I B 10 RN 15 mm 45 KA TN
5 B e R N BB B, S K (0~0.4 ms), 10 1 15 mm 45 FR AR AL T A0 X S RE R B Bt
TN BRI, AFUG 3 B R N, i AR AR e % S O B, A I sk B B B 14 K, BB AT 5 mm 45 v
A T3 B L, 224 2 B T T2 AR ) 2 W B AL st i s U F

6 000
2500 ©5mm
010 mm A o —0—5 mm
%15 mm 4000 | —#—10 mm
22000 - — —0—15 mm
w ‘[h
£ £ 2000}
= 1500 =
8 8 o}
& g ok
2 1000} * 5
= 3
= 2 2000}
500
y o
= ~4000 |
0 02 04 06 08 10 12 14 16 18 0 02 04 06 08 1.0 12 14 1.6 1.8
Time/ms Time/ms
B3 N[R) AR AL I v KA R %405 2 R B o ] B Al 2 [l 4 R[RIGSFRAE 8 o R T i B Bt s T %) 28 Akt 2
Fig. 3 Flame speed as a function of time in channels Fig. 4 Flame acceleration as a function of time
with various diameters in channels with various diameters

L LIRS RS e T R o R AR AR BB DR TR o R T KO S A RE ] Y
BRI AR A KO A8 T TR, T 2R M B “Tulip” SO 0086 B B IR 3 B2 5 18 O IS, SR 5 TR
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X R SR SR AT B, S5 30 SRR AR EA o O i — 2 5 244 3 R A /N, A
NFEE WK IS Sy 7 A BB B, KA SR 25 5 7 AR R A, ATt — 2D A i “Tulip” K 4 Y JE
B B ST R W R S A AR A BE D BRI B E SRR X i i RO AR 12 3175 3 P L Tulip”
KK TR B PR T R B g R 38, RS R /N, i 0 B < Tulip” K0 BR L, 45 PR S sy, KA
IV 2 PR 250 R I, A A R A ] — 2 X 9 2K A S T 135 4 i 2 A7 4 8 K T /1N
2.2 CO, Xt A HE NN IR #1289 52 1

K5 24 C1(5 mm) 45 H CO, i BER i K I 1% 2000
30 O P S R 175 2 25 SR T ) B B ool ‘
P £ F 5K, CH/N,O R 5 A5 AR R Ptk A 1400k
PR R SE B B, 0.4 ms KA E I3 2 1 044 m/s; )
% CH/N,O/CO, IR %, 0~ 1.2 ms BrB K SGAL T G 1000}

=)

SE10 NIE Y BE, 1.2 ms 15 I (8 5 o 433 s,

N 600 -
Rt CO, W B 15 740 6 B A 0 e ol e
| C,H/N
(7 o A1 ARG 1 K 7 v 8 i R A% B R, T 2000 o C,H/N,0/CO,
AR d AL U 73 351 0 1871 m/s Fl 1 781 m/s, 0 s m " 55 >
WFFE 2. CO, H R RN , FA 1 0 5 Time/ms
YEH, BI CO, i i MU TR S W A, BEAR T kA KI5 CLEH CH/NO M CH/N,0/CO; L]
SR P R, 2 2 1079 5, 15 o A P A MG A R B R P (L 2%
[F i CO, W5 T 3h Jy2k i W28, g Ry 45 Bl Fig. 5 Flame speed of C,H,/N,O and C,H,/N,0/CO,
%% . ﬂif : - ’ 4 as a function of time in the channel C1
N
NO+M) =N,+0+(M) (N
N,O+H =N, +O0H ()
N,O0+H = NH+NO 3)
CO,+H=CO+O0OH 4)

C,H,/N,O N H HF S, WA TR (1) AEEG] & O, [ A B8 (2) R W A2 98 (3) AkfL i o 2, DL
JUAE L IC SN S T4 FE NLO Y 2B [, 12 S A5 TR 6 KM 15 48 1 3 B S AR K, CO, 38 3 R e 2 v (4)
ek CO, W/ T H H B FES N,O MR LR, M 32 (A Tk 2 S 7 33 SR [ AR, TR AR IR e 1 R bt
ZREAR, KA 1 18 B 2 /NP
23 BRMEE

K F NASA f) CEA b2 M 4B A58 T NLO 5 C,H, W 1Y C-T1 S HRF NS A
JBE RO A R B AR B, WIRR Ak B 244 . e s AR T, SRS A A At
TN R A2 B, A ST AR FR G Ak 2R R

G:g+2/lib,-—b? (%)

A g WETRIRAWNE AT A HAE, O E TR HF IR i &, b, M T wiRGYWHItER
iR, A CRPIAS B H AR R AR A R, X6k R T T ERUAR A, A5 )

0= 3 Saafo 3ot ©
=1 i=1 i=1

A, N T W B WA =S, o, WWIB HOCER i BRI TARTA S TRE) /N ESn,, 8.4, A .
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Tz Ay, R Al A5

t
#_/‘*‘Z’liaij =0 (=1L..., NS) )

bi—b'=0 (i=1,....0 (8)

T U R (T,) FITE 77 (p,) 43 5% 2 A 298 K A1 0.1 MPa; [ )i 4 4 32 I8 N,O 5 C,H, [ )i
I EAE Oy AR i, B

6N,0 + C,H, = 6N, +2CO, + 2H,0 )
WU B2 M) C-T F 25 3 B (vey) A 2 200 m/s, 4 TE (pe,) M 3.90 MPa.,

6 Ky C4 45 Hp I B T A% 4% 2 B R 1] (0 AR fh B 26 . R TR SR DT T a5 KW | Ik %
FRSE | RRUE M SR R S I 4 B B, R Y B SR 2 207 my/s, BRI C-J HE Y 2 200 m/s, 52
5 SRR E A — B IR 25N 0.3%. BRI, H T R A Bt 30 1 FH fol A5HA8K e T R A A8 Ay i I
RIS, I A5 T DA 1 B T A, it 9 4 R PN /0N 1) 10 A B R i, IR T T KA B TE R (A KO 1L
R BE PR, [ B AE AR T 7 T8 A i e 3 4 DX 3B, DR b TR AR A o S AR DRt A R R 5 B
B BEE BRI i AR A A SO LB, BOR AR SRS R A TS R A B A SRR R
Bifi 5 B I Y R AT << AR5 0 W I AR S IR %, 7 A ) D AR SR R, KA AR R R R BT B
R T CAEIE A . I 7 w1, 100 mm b JE 7 06 B 15 2 2 K AH 6.46 MPa, 400 mm &b % 77
AT B 25 3.46 MPa, BUIR CLJE ML RY (1 15 22 D508, TR AR E 78 iU BR G MR 25 10 72, L5 BB R g (H 1%
Wt TR E . B 8 AR Ry (A AR At 2. i 18] 8 AT, 7E 1 000~ 1 600 mm X [R] 4, & 7 4 {H
AbF RN RR GE B B, B shase /N, 34 K T 0 {E R 3.92 MPa, BLETTH{E N 3.90 MPa, 22 4 0.5%.

3000 8
—@—Flame speed
2500 Ve 6L
A £
22000 S 4l
=4 =
$ 1500 z
& 2 2r
0 £
£ 1000 | 5
= S 0
500
72 L
0 1 1 1 1 1 1 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 -02 0 02 04 06 08 10 12 14
Time/ms Time/ms
6 AEIH C4 v ko m 2 R  1a]) A2 At £ 7 EIiE C4 b 8 NE RO B SyiZ
Fig. 6 Flame speed as a function of time Fig. 7 Pressure profiles versus time obtained
in the channel C4 by eight pressure gauges in the channel C4

T R KON P 3 R B S AR AR S R NP 9 s . AL 9 AL £E 100~ 1 000 mm 22 [8], #ik
W PR B, AR b R T A AL R B B 5 7E 100~400 mm Z [1], whdi i s O T
% 2325 m/s, TEIGIX [A] N KM B K3 BE 29 2 1500 m/s; 7E 800~ 1 000 mm 22 [A], 7 % 5 8 1k 3] e K{E
3146 m/s, X JE H T AR E TARBRARG AR, FOAR M RE 5 N2 R RS, SR 2 A ik 7 AR T Rk s )
W, IR BE LE K M B S AR 2, AT AR K G B TR T, JOATE R4 ok (AR BR AT 4% . 7E IR 1 5
T2 PRIy SR v e B T AT AR AT HEAE KR TR B R O, AH 3 B TR R AR /N EY, 7E 1000~ 1 600 mm 22 [,
i 0 B 35 R B AR /N, il T B TRE 5 OHE B R AR R R — B R R R e R, IR D
2149~2 461 m/s [a] AKR DX ALHE, X T] P o 5 R0 A 139 3 B2 43 301 2 277 2 235 s, 5 C-J B
25 R 1) AF RO 22 0 50 3.5% T 1.6%, S 4% B 5 B e A AR — 3
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7 3500
° —a— Flame
6L —e— Overpressure 3000 | ® —e— Shock wave
— Pa — Vg
§ 5r /\/o\ 25001
24l e 22000 -
a ° L J @ E
=3t ?é 1500
= =
2 ©n
S 2¢ 1000 |-
1+ 500 -
O ® 1 1 1 1 1 1 1 1 0 1 1 1 1 1
0 400 800 1200 1 600 0 500 1000 1500 2000 2500
Location/mm Location/mm
8 JEITEfH R it 2 B9 KHEIERRE L, il P C-1 B 2k
Fig. 8 Plots of maximum overpressure Fig. 9 Flame speed, shock wave velocity
obtained in the channel C4 and C-J velocity curves

24 EHEBEER
K10 HAEAEE P AIGERELMEAGL . A EK 1000 mm, N2 15 mm FA PLBEES I 4, &

[ 1000 mm, M2 1.2 mm BIREFERIRSEE, 2o 1K 500 mm, P42 15 mm A HLBEES RS . A
10 A5, AR KO DA SR A8 485 v 18] B AN 5 0 48 T AL 38 2 A m B IR AT P .

B 10 HEEIEIIA LR IIE L

Fig. 10 Image of the flame propagation in combination channels

1 BRI A SRR, 29
“OPRIN KIEARE L RN E NG, cmFoRiE L, 2000 | X X nm = -
1378 KUK S B A K, d 3R v RS 4 B9 48 3l Lsool
WA, HE 1L AT, FEAS SE 8 2544 T, C,H/N,O ;
I K EFR(d) R 0.5 mm <d, < 0.7 mm, *d< ET000F X X = = u
0.5 mm I, FIR KA 1 J0 12 3 aod b () 48 3 21 34 56 500 x x m . .
HEAE: 2 d 9 1.2 801 2.0 mm B, JHAR I . 1 xxx .
2.1 AL, AR R R 3 F 00 S BUR
R A 00 W T L 5 00—
I BRI, AR, KHE B 5 R . d/mm
K A VAR T AR R R KR i B i P P A IR BRI
RN, RS TE 2 R S AR Fe A MO, kG E Fig. 11 Diagram of the flame behaviors

in combination channels

SUREL PRSP N S P R SN R 3 78 A

F8 I A R IR, KR AR Y e A (8 K SR T A A i AR T, R R SR EE AR X, A B
VR S BN DR T2 H, KO A AR R KBS JE AR AR AR AT T R, N S 5 DR R kg o
BT AR
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2 d = 0.7 mm, Hi ¥ A =100 mm K], 5 25000 —m— 100 mm
HEAS R AL B, (L2 1> 500 mm W, KKy ~e- S00mm
AL I AN BRI RS, DRI, B 0 S s 7, 2000 —0=2000 mm
AR T AR RS, IR R Sl
AN B2 R A TE I T B (R R &
1) A5 1l 2% . PRI 12 AT X7k 100, 500, §1OOF
1 000 F12 000 mm B, KGR ELAREREA ool
1AL %) 3 5 43531 A 303, 671, 2 204 £l 2 246 m/s,
BRI I, %o i 9 KRG St i, A 97 T R, AR MR R 0 03 06 09 12 15 18 21
. AR B B 1 22 5 2 2 Time/ms
) P12 A I R VRS A o N A 2
L>25,-d (10)

Fig. 12 Flame acceleration process as a function of
K. L AEFEEEERE, om; S, SN R KGR IR time in accelerating channels with different lengths

W, ms s d HERER, cm. 2 d, = 0.5 mm

IRF, IR R i A KK B R R EE D 2 533 m/s, ARG 3 (10) AT AT A (RSB A4S IR IR T 12,67 em, A
R K A58 M8 K5 2 d, = 0.3 mm B}, L>4.56 cm.,

3 & @

(DR EARE A PLBIEE b, BUR KA T G0 Ik B B . AR AR e 1 S B BRI S5 B B
KA, KoK T JEE MU I A R AR A /N TG K, AR 5 mm A9 IE HR R i B R, 10 A
15 mm B 38 GNP o CO, 23 W Ik B R TR U 110 o o 0 Rt A e KM S R, A A AR
PEVERERHTEZ T, A CO, A H] T2 o Biiie A 9 22 2 MERE . C,H/N,O HYFESE B3R 2 207 mys, FaiE
W2 R 178 3.92 MPa, SIS —H.

(2) 52545 )% R HHE A CHY/NLO TE/ AR AN B P8 A 420 0.5 mm < d, < 0.7 mm; it
UL N A 7 B RE IS, A AR BRTR, HE TARARUBE DRI X o [ P A PR ARL A A L it DA N 8 R VAR R B ) G
FTEET 7 0] KO A, D B K AR A BRI S %

S22 3

(1] ARBW, w6, Fvar, 5. AR PIOTE SHEMIH AR DIIORE [1]. KDL, 2016, 42(2): 79-85.

ZHU C C, HAN W, YU X L, et al. Review of nitrous-oxide-based composite monopropellants technology [J]. Journal of Rocket
Propulsion, 2016, 42(2): 79-85.

[2] RKF, HRITE, TKAA, 55 A RHELE BORDTTEIERE (7] KHEFHELE, 2014, 40(2): 7-15.

SONG C Q, XU W W, ZHANG J Q, et al. Research progress of nitrous oxide propulsion technology [J]. Journal of Rocket
Propulsion, 2014, 40(2): 7-15.

[3] MUNGAS G, VOZOFF M, RISHIKOF B. NOFBX™: a new non-toxic, “green” propulsion technology with high performance
and low cost [C]//63rd International Astronautical Congress. Naples, Italy, 2012.

[4] GOHARDANI A S, STANOJEV J, DEMAIRE A, et al. Green space propulsion: opportunities and prospects [J]. Progress in
Aerospace Sciences, 2014, 71: 128-149.

[5] ROY G D, FROLOV S M, BORISOV A A. Pulse detonation propulsion: challenges, current status, and future perspective [J].
Progress in Energy and Combustion Science, 2004, 30(6): 545-672.

[6] WERLINGY L, LAUCK F, FREUDENMANN D, et al. Experimental investigation of the ignition, flame propagation and
flashback behavior of a premixed green propellant consisting of N,O and C,H, [J]. Journal of Energy and Power Engineering,
2017, 11: 735-752.

[7] MUSCAT V I, DENTON M B, SUDDENDORF R F. A Flashback-resistant burner for use with the nitrous oxide-acetylene

045201-7


http://dx.doi.org/10.3969/j.issn.1672-9374.2016.02.015
http://dx.doi.org/10.3969/j.issn.1672-9374.2016.02.015
http://dx.doi.org/10.3969/j.issn.1672-9374.2016.02.015
http://dx.doi.org/10.3969/j.issn.1672-9374.2014.02.002
http://dx.doi.org/10.3969/j.issn.1672-9374.2014.02.002
http://dx.doi.org/10.3969/j.issn.1672-9374.2014.02.002
http://dx.doi.org/10.1016/j.paerosci.2014.08.001
http://dx.doi.org/10.1016/j.paerosci.2014.08.001
http://dx.doi.org/10.1016/j.pecs.2004.05.001
http://dx.doi.org/10.3969/j.issn.1672-9374.2016.02.015
http://dx.doi.org/10.3969/j.issn.1672-9374.2016.02.015
http://dx.doi.org/10.3969/j.issn.1672-9374.2016.02.015
http://dx.doi.org/10.3969/j.issn.1672-9374.2014.02.002
http://dx.doi.org/10.3969/j.issn.1672-9374.2014.02.002
http://dx.doi.org/10.3969/j.issn.1672-9374.2014.02.002
http://dx.doi.org/10.1016/j.paerosci.2014.08.001
http://dx.doi.org/10.1016/j.paerosci.2014.08.001
http://dx.doi.org/10.1016/j.pecs.2004.05.001

i34 % = JE Ll i 2% Eitd 541

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

flame [J]. Spectroscopy Letters, 1973, 6(9): 563-567.

GIBBON D, BAKER A, NICOLINI D, et al. The design, development and in-flight performance of a low power resistojet
thruster [C]//39th AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit. Huntsville, Alabama, 2003.
VENKATESH P B, D’ENTREMONT J, MEYER S E, et al. High-pressure combustion and deflagration-to-detonation transition
in ethylene/nitrous oxide mixtures [C]//8th U.S. National Combustion Meeting. Park City, Utah, 2013: 158-165.

VENKATESH P B, GRAZIANO TJ, BANE S P M, et al. Deflagration-to-detonation transition in nitrous oxide-ethylene
mixtures and its application to pulsed propulsion systems [C]//55th AIAA Aerospace Sciences Meeting. Grapevine, TX, 2017:
0372.

WERLING L K, HOCHHEIMER B, BARAL A L, et al. Experimental and numerical analysis of the heat flux occurring in a
nitrous oxide/ethene green propellant combustion demonstrator [J]. Journal of the American College of Surgeons, 2013, 186(5):
562-569.

HOCHHEIMER B, PERAKIS N, WERLING L, et al. Test facilities to assess properties of a nitrous oxide/ethene premixed
bipropellant for satellite propulsion system [C]/5th CEAS Air & Space Conference. Delft, The Netherlands, 2014.

ZHANG B, LIU H, WANG C. Detonation velocity behavior and scaling analysis for ethylene-nitrous oxide mixture [J]. Applied
Thermal Engineering, 2017, 127: 671-678.

MOVILEANU C, RAZUS D, MITU M, et al. Explosion of C,H,-N,O-N, in elongated closed vessels [C]//7th European
Combustion Meeting. Budapest, Hungary, 2015.

POWELL O A, PAPAS P, DREYER C. Laminar burning velocities for hydrogen-, methane-, acetylene-, and propane-nitrous
oxide flames [J]. Combustion Science & Technology, 2009, 181(7): 917-936.

ZEENS, NG =, Fers s, . OM-E AL EUZ R BURER ST RIS (1], KA, 2018, 44(5): 37-42.

L1 Z P, SUN H Y, JIANG R P, et al. Study on premixed laminar combustion process of ethylene/nitrous oxide mixture [J].
Journal of Rocket Propulsion, 2018, 44(5): 37-42.

NEWMAN-LEHMAN T, GRANA R, SESHADRI K, et al. The structure and extinction of nonpremixed methane/nitrous oxide
and ethane/nitrous oxide flames [J]. Proceedings of the Combustion Institute, 2013, 34(2): 2147-2153.

FEOCEE, 25N, 22500, 4. SR/ b2 SR M ESE HERR I SEIORR 5T [0, Bk 5 vhids, 2015, 35(2): 249-252.

CHENG G B, LI J X, LI S M, et al. An experimental study on detonation characteristics of binary fuels hydrogen/propane-air
mixtures [J]. Explosion and Shock Waves, 2015, 35(2): 249-252.

K, FABER. H-0y/Air AR SRR IR A RE T A TR TS [1]. & R AR, 2013, 27(5): 719-724.

ZHANG B, BAI C H. Theoretical prediction model of critical energy for direct detonation initiation in H,-O,/air mixtures [J].
Chinese Journal of High Pressure Physics, 2013, 27(5): 719-724.

FEI, BRR, B, & QT -2 TR WA & IR AT R4 A4 1S i oY (0], & TR B4, 2018, 32(3):
035203.

WANG L Q, MA H H, WANG B, et al. Detonation propagation in hydrogen/methane-air mixtures in a round tube filled with
orifice plates [J]. Chinese Journal of High Pressure Physics, 2018, 32(3): 035203.

WU M H, BURKE M P, SON S F, et al. Flame acceleration and the transition to detonation of stoichiometric ethylene/oxygen
in microscale tubes [J]. Proceedings of the Combustion Institute, 2007, 31(2): 2429-2436.

WANG C, HUANG F L, ADDAI E K, et al. Effect of concentration and obstacles on flame velocity and overpressure of
methane-air mixture [J]. Journal of Loss Prevention in the Process Industries, 2016, 43: 302-310.

ALIOU S, ASHWIN C, ABDELLAH H. Mean structure of one-dimensional unstable detonations with friction [J]. Journal of
Fluid Mechanics, 2014, 743(3): 503-533.

PR, 20, W ORAR. B I N /A SBUR BN E R I R SE IR ST (7], KRB, 2015, 24(2): 68-74.

LU C, L1'Y, PAN R K. Experimental study of the duct cross section effects on the hydrogen/air premixed explosion [J]. Fire
Safety Science, 2015, 24(2): 68-74.

TR, SR, T . R RN AR A IR LR A I SE [CL//AE U A O S A A AR S L B,
2012.

LIU F, GUO H, SMALLWOOD G J. The chemical effect of CO, replacement of N, in air on the burning velocity of CH, and H,
premixed flames [J]. Combustion and Flame, 2003, 133(4): 495-497.

PARK J, LEE K, LEE E. Effects of CO, addition on flame structure in counter flow diffusion flame of H,/CO,/N, fuel [J].

045201-8


http://dx.doi.org/10.1080/00387017308060845
http://dx.doi.org/10.1016/j.applthermaleng.2017.08.016
http://dx.doi.org/10.1016/j.applthermaleng.2017.08.016
http://dx.doi.org/10.3969/j.issn.1672-9374.2018.05.006
http://dx.doi.org/10.3969/j.issn.1672-9374.2018.05.006
http://dx.doi.org/10.1016/j.proci.2012.05.102
http://dx.doi.org/10.11883/1001-1455(2015)02-0249-06
http://dx.doi.org/10.11883/1001-1455(2015)02-0249-06
http://dx.doi.org/10.11858/gywlxb.2013.05.010
http://dx.doi.org/10.11858/gywlxb.2013.05.010
http://dx.doi.org/10.11858/gywlxb.20170687
http://dx.doi.org/10.11858/gywlxb.20170687
http://dx.doi.org/10.1016/j.proci.2006.08.098
http://dx.doi.org/10.1016/j.jlp.2016.05.021
http://dx.doi.org/10.3969/j.issn.1004-5309.2015.02.02
http://dx.doi.org/10.3969/j.issn.1004-5309.2015.02.02
http://dx.doi.org/10.3969/j.issn.1004-5309.2015.02.02
http://dx.doi.org/10.1016/S0010-2180(03)00019-1
http://dx.doi.org/10.1080/00387017308060845
http://dx.doi.org/10.1016/j.applthermaleng.2017.08.016
http://dx.doi.org/10.1016/j.applthermaleng.2017.08.016
http://dx.doi.org/10.3969/j.issn.1672-9374.2018.05.006
http://dx.doi.org/10.3969/j.issn.1672-9374.2018.05.006
http://dx.doi.org/10.1016/j.proci.2012.05.102
http://dx.doi.org/10.11883/1001-1455(2015)02-0249-06
http://dx.doi.org/10.11883/1001-1455(2015)02-0249-06
http://dx.doi.org/10.11858/gywlxb.2013.05.010
http://dx.doi.org/10.11858/gywlxb.2013.05.010
http://dx.doi.org/10.11858/gywlxb.20170687
http://dx.doi.org/10.11858/gywlxb.20170687
http://dx.doi.org/10.1016/j.proci.2006.08.098
http://dx.doi.org/10.1016/j.jlp.2016.05.021
http://dx.doi.org/10.3969/j.issn.1004-5309.2015.02.02
http://dx.doi.org/10.3969/j.issn.1004-5309.2015.02.02
http://dx.doi.org/10.3969/j.issn.1004-5309.2015.02.02
http://dx.doi.org/10.1016/S0010-2180(03)00019-1

o534 % 2R HIAE: CH /N OFUR AR R BSEIERE 5 AR 54

International Journal of Hydrogen Energy, 2001, 25(6): 469-485.

[28] PARK J, HWANG D, CHOI J, et al. Chemical effects of CO, addition to oxidizer and fuel streams on flame structure in H,-O,
counter flow diffusion flames [J]. International Journal of Energy Research, 2003, 27(13): 1205-1220.

[29] POWELL O, PAPAS P. Flame structure measurements of nitric oxide in hydrocarbon-nitrous-oxide flames [J]. Journal of
Propulsion & Power, 2015, 28(5): 1052—1059.

[30] 2, 2%, BRI E AP AR [0). SR s TR, 2010, 31(9): 132-134.

[31] BABKIN V S. Filtrational combustion of gases. Present state of affairs and prospects [J]. Pure & Applied Chemistry, 1993,
65(2): 335-344.

[32] KELLENBERGER M, CICCARELLI G. Advancements on the propagation mechanism of a detonation wave in an obstructed
channel [J]. Combustion and Flame, 2018, 191: 195-209.

[33] LIBERMAN M A, IVANOV M F, KIVERIN A D, et al. Deflagration-to-detonation transition in highly reactive combustible
mixtures [J]. Acta Astronautica, 2010, 67(7/8): 688—701.

[34] CHAKRAVARTHII D M K, DEVARAJAN M, SUBRAMANI S. Experimental and numerical investigation of pressure drop
and heat transfer coeffcient in converging-diverging microchannel heat sink [J]. Heat and Mass Transfer, 2017, 53(7):
2265-2277.

[35] FAN A, WAN J, LIU Y, et al. Effect of bluff body shape on the blow-off limit of hydrogen/air flame in a planar micro-
combustor [J]. Applied Thermal Engineering, 2014, 62(1): 13—19.

[36] YANG S, SHY S. Global quenching of premixed CH,/air flames: effects of turbulent straining, equivalence ratio, and radiative
heat loss [J]. Proceedings of the Combustion Institute, 2002, 29(2): 1841-1847.

[37] YANG W, DENG C, ZHOU J, et al. Experimental and numerical investigations of hydrogen-air premixed combustion in a
converging-diverging micro tube [J]. International Journal of Hydrogen Energy, 2014, 39(7): 3469-3476.

Detonation and Quenching Characteristics of Premixed C,H,/N,O
LI Yuyan'?, JIANG Rongpei’, LI Zhipeng’, XU Sen', PAN Feng'?, XIE Lifeng'

(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China,
2. National Quality Supervision and Inspection Center for Industrial Explosive Materials, Nanjing 210094, Jiangsu, China;
3. Beijing Institute of Aerospace Testing Technology, Beijing 100074, China)

Abstract: The detonation and the flame quenching properties of premixed gas C,H,/N,O in the combustion
channels were studied experimentally using a self-developed flame propagation experiment. The results
show that the premixed gas achieves the transition from deflagration to detonation in all the PMMA channels
with the diameters of 5 mm, 10 mm and 15 mm, and the flame speed and acceleration rate decreased
gradually with the increase of the channel diameter. 2.4% CO, (mass fraction) diluent flame undergoes a
process of stable combustion at the initial stage. The steady detonation speed and pressure are 2 207 m/s and
3.92 MPa, respectively, which are consistent with the theoretical values. The critical quenching diameter is
0.5-0.7 mm. The higher the propagation speed of the flame, the larger the channel diameter, the more
difficult the flame quenching. According to the relationship between quenching diameter, turbulent flame
velocity and quenching distance, the length of the flame arresters passageway length is calculated, which
provides a reference for designing flashback arresters.

Keywords: premixed gas; detonation velocity; overpressure; quenching; C,H,/N,O
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1. Vacuum pump; 2. Premixed vessel; 3. Methane; 4. Air; 5. Data acquisition system; 6. Vacuum meter;
7. Spark electrode; 8. Pressure transducer; 9. Thermocouple; 10. Synchronous control system;
11. Ignition switch; 12. Gas distributing system;13. Metal mesh and metal splint.
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Fig.2 Picture of wire mesh
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Table 1 Mesh structure parameters

Wire mesh  Holespercm  Aperture/cm  Wire diameter/mm  Metal area fraction/%  Metal volume fraction/%

10 3.937 2.110 0.450 0.723 2 02725
20 7.874 0.950 0.315 0.565 6 0.389 6
30 11.811 0.610 0.234 0.524 0 0.434 1
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Effect of the Wire Mesh Structure on the Flame
Characteristics of Methane/Air Deflagration

SUN Weikang, CHEN Xianfeng, FENG Mengmeng,
HUANG Chuyuan, LIU Jing, ZHAO Qi, ZHI Xueke

(School of Safety Science and Emergency Management, Wuhan University of Technology,
Wuhan 430070, Hubei, China)

Abstract: A deflagration experiment of methane/air premixed gas with or without wire mesh was carried
out in the self-design square pipe. The effects of the mesh number and layer number of the wire mesh on the
deflagration overpressure and temperature were discussed. The results show that the wire mesh can
effectively suppress the temperature and overpressure of the deflagration flame. After the wire mesh is
installed, the temperature peak and the overpressure peak measured in the pipeline are reduced compared to
the case without wire mesh, and the temperature peak attenuation rate reaches 52.37%, the peak attenuation
rate of overpressure reaches 66.84%; the mesh number and layer number of the wire mesh are important
factors that affect the suppression effect of the wire mesh on overpressure. When the number of layers and
meshes are small, the time to reach the peak of the overpressure is earlier than the condition with no wire
mesh; when the number of layers and meshes are moderate, the secondary peak appears in the overpressure
curve; when the number of layers and meshes are large, the overpressure is effectively suppressed. With the
increase of the number of meshes and layers, the flame heat diffusion rate forward becomes slower, and the
start time of the temperature curve is delayed compared to the time delay without the wire mesh.

Keywords: safety engineering; explosion resistance; deflagration flame; deflagration temperature;

deflagration overpressure
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H g, 427 Yk B AL 2 35 92.8%. Padilla-Rascon 2512 BIFST & IR, MM 1% 28 28 VR I A B, AR [] i
RIKH) 71%, BB RIE 5] 83%. TKEZESF B T 28 IR WO BT 8 FR MM E 52 ), 45 R R IR
R AL P 5 R BE (General energy, GE), ¥ #E H ii (Crude prote, CP) FIUFLAG T (Ether extract, EE) 4372 =
10.27%. 14.60% F11 59.83% (P < 0.01), & TR o LB, Z8 VR B P 3 /M M E R OB E A M
ARk B e i 8 RS R R e A, R R Ak B Ay AR R T 22.3% M 32.6%. & ZEMG ST R R 78 TR
T F ARSI e 20, & IS0 21 A e 20 L X IR BE W T 2 0%, A RGAE 11.88%, OF [ H 3L bR %
BT 1365

25 bR, ZE TR T AL B AR AE A )RR T AR B T I MRS, SR A TR I A 1 fE
SR K REFRE A R, AR AR MR AL R R VAN RE A S S LU, A X R R e AR
HH ) REFE VA7 [0 R EA T 40 BT RN B o ASBIF 5 5 T 1A B IR 10 7 B 580 5 X 2R PR i 1R A, ST R TR
Ak PR R R BCF AR, JE IR AT RERE T AT, LA A 2R VR B R B S AN Tl Ak R SR AR B s S5

1 MR5EHEE

1.1 I+ H

FOKRAE AT ORI i SRR T B 44 5 & T 4 1 B BRFUT 4R H, A R R R AR AN KT 4 mm, 357K R
F12.5%~14.8% BFET IR BT K5 N SF4E R 34.1%, JEF4E R 25.7%. RITEK 12.1% HIKS) 6.3%.
1.2 REEE

T3 58 7E T AR R A AR B AR A T B A RE VBT A RE 5 A% H S S 00 = S A RE I ALHLI) A
YER K B T 2080 &5 (4 805 QB-200) b7, i & FE M RTINS E | 2Bk 4 28158
W WS s R Bh P ) R R A . 7R B IRIRAS R, B KRS A 10 5 i il i 5 e B B, A R
ZEVR; 4 — 5 WA TR B8] Jim G PA) 2 FRE 2895 FT T i I, 5 iM% s 15 2 A W RHIR EE 29 8 45 °C, /D28
RR R 2 P, ZRTB IR 5 MR TR s 25 & 1 TR .
(a) (b)

Compressed-air  Compressed drive

2r
Steel body b, b,

I Variable-frequency motor —

Heat
preservation M
material
Steam explosion chamber = StleaI_n
i explosion <
High pressure . amber

steam EZ
High [ [ |

PICSSUIC et

steam

><HT ,

| |

<// \? Raw material 6// Q
inlet
Autocontrol
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K1 ZRBB SN g AR A (a) RISV A AT (b)

Fig. 1 Model of steam explosion reactor (a) and cross section of steam explosion chamber (b)
13 REFHRIK
R TR FEAT A S 1056 S5Ok, Sy B BE 0 A i) 1 P55, (RGBT 3 6 il 25 A AT

(DBAZEFGS R, TR B, Z8 VR MR AL T3 ALIRAS o W0oRk B Al 2 M L i i e v O
AL, BEWIELS K R LN 12%.
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(2) FARFEFFI LA IR 1.41 x 10° Ji(kg KO, 7K 5 FE Sy 4.18 % 10° T/(kg-K).

(3) ZE VI s P Bl 2 s ol B 0 M 2 A 3 o Al 5 e, TR DB RIS SE A R A oy, Hiu A%
Ak A T EE R R 2B AN

(4) 25 TH T s 18 A% TS FSF i) AR 0 35 0, — 6 90~300 s, HL & Bl SR FH A M b 47 T B A 470 i
8 2 28 TR AR s T I 2 2 AN T

(5) FEIR 0 R Rt vy, (BB S PR CBERO) 1 B Kl a , Z875IB S W0 BRI BE K ()L 45 C
(50 3 A% P I A5 J5 R R B R 45 °C 247 ) o

(6) M HIHOLT, RIG7EH 5T P47, BUE 28 1R TAE M PRSI IE S 20 C.

2 EABWERERNZESH
21 BARANIRENEEBFESRE
SET LR S0 A% P B, 5 — LIS 1 R R R A VORI o, L 30 55 5 4 i

A ERZEIR, IR TT IR b TR RS o 220N %E, 280G 242.5 °C, #2258 — e ] 15 58 <l
RV E i

(my + my)u, —myuy = myh 1)

B
12%m; (u, — u;) + 88%m, (uy —u)) = mh 2)
88%m, csAT + 12%m, (r+c AT) = mpv 3)

P m R i, kgs mo A ITAAPRL I 5 28 VR T, kg u A AR RL T Y L BE, (kg K); us i
IE PR FZE IR ELIN BB, J/(kg K)s b Ry B T ARG (L, kI/kgs u, A AR 4 kT 5 7K L Y BE,
J(kg-K); w, b S PRI & 7K 19 He N g, 1/(kg-K); w i IART T 906H 0 F N BE, T/(kg K); wy i BVE +
Yk FE N BE, T/(kg K); es i TR FEERZR, 1.41 x 10° J/(kg-K); e, MK B HEIRES, 4.18 x 10° J/(kg-K);
r N IRALTER, 2.603 7 x 10°0/kg; p ISR RS, MPa; voR 75 A ZE 7500 LR AL, 0.057 mP/kg; AT A9 RH B
HI o AR BE 22, RIZE VR E (242.5 C) 5% R (20 C) By 221 .
22 AABHERENEERRBSH
B2 a5 B R) A4 D) AL B, 28 B I R R L B DR AR, I R B DR R BT . fR
SEHUE , PRk AR BOIRA, I R O 2 VR R B B o AR B A S T, AE R R VR i AR, 78
VRBE IRV 0] B 5 /8B40 2H i 38 Ao 3 B Jls B (R BV O, IR BT IS W0 RE N RE 1Y S 4K Q, . MRS
B RIS BT I BE O, . MERE I ZE AT AR O DAY RDE A4S T FERE = W
uy(my +my) = Qg+ On+ Q. + O+ W 4
221 EEFBHWEENKREN K
FEVIRE Y b R R T S A JEMORL, TR 28 VR B v, R s BE A A
0, =0 +0f )
Ao QS BRA I b S IAT A4 TR IR, O DA R 10 s M0 T ) PSR A B
FRYEAL A LA TGP, 70 A o i by, 238 VRO s I S T R0 A s 00 T 10 A AR 3 ) Oy
27At

SX _
O T ©
mhA A4 A WA
c_ TAr _ TAt
QS_ R - 1 1 1 r+b1 1 r+b2+b1 (7)

+ + +
mA, A, 2wl 2mml e r+b,
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A IR, s AP B SR 22, °C 5 by A BRI P RT I 45 FA R AR, J/(m? s+ °C); ool AR )2 A
XA R B, T/(mPs-°C); bW BLIRBER, my by MR IR )ZE BEJR, m; AR E LR IR AL, m? A BRI N
TR AR, m?s Ay R ORI 2 SMIEE AL, m?s DI R, my ACHRLIR I IR L, J(em s C); 4, 00 Hi
FYER) FIRRBL, J(emes-C); r JHRIENFAZ, m; R WHAEH, C/W.
222 RARBHMALEAEHNIRAGET L

TEZRVR MR ok A v, R AT AR BB s 9 () R e & A A8 Ak, ARl A ) 225 — e 1

0, = m AT [12%cy + (1 — 12%)cs] ®)
223 RBERNRDPETIREMK DTS A8
Q. = (a%m; — 12%m; ) (uz — u',) &)
P15
Q. = cL AT, (a%ms — 12%m,) (10)

A ma B R a b B KR uhy 45 °C AR HE R AR T /K EE N BE; w20 C FRifE AR T K
ML BE; AT, =45 °C —20 C.
224 ZEABHEZRATHAORE

Or = (m; +my—ms3)(cLAT, + 1) (11)
HE AT AT
O = [my — (a%m3 — 12%m,)] (cLAT, +r) (12)
S E , BBBR Z IR — B 45 °C, 1A H o3 e B T LU AR, 2 34 31 B & A1) HI B0 i Rk
(9 HAR, T LAR A HTEARES
O = QF(l —?) - QF(l— ffs’%gg) (13)

Ao T A IREEIR B, °C; T, MBS 78RR, C.
22.5 FRBWXS K RAAI

TERRDGE AR b, T N T AR T BRI TR 05 R, e R A A 2 P P R, T i R R 1Y
il o AR AR S 7l 48 B8 (Collision theory) !, — &8 7354 4k S i Wk B ML), 55 — 7R 43 SRy ) i
JIE S B 1 25 SOy o AR i AR B T S B e SR D B, X LA B AT A RUA GRS

W =uy(my +my) — O — On— Qu — Ok (14)

23 ZABWHEERE T

PL 1 kg FRFEFF A 4], 7% PR Wi 4k 2 5 e v B b U 100 4 0B P 7 BV REAR Y LE AN 1 s . e
A=) B ZE PR A b, B A 5 PR AR A R RS RE AR I o 1 L AR N, R B AR AT S 1 N R AR
AREIN, PR K B I A P BE-S Z VRl B R b A RE R 20 i) i ELREFE Y 2.27% T 2.43%; 4 AR 73 fiE

F1 KREBERTLEITERMESREEMK

Table 1 Energy distribution of steam explosion unit

Energy distribution Energy/k] Proportion/%
Heat dissipation 19.86 0.24
Material internal energy change 4.35 0.05
Water increases internal energy 187.06 2.27
Exhausted steam energy 200.56 243
Mechanical work 7836.45 95.01
Total energy 8248.28 100.00

055901-4



5534 % HERFEAF: BRI TN AT AL B AR ) BT B AR 2 BEAE BRI 0T 55 5 )

T YA, BEFELY & 95%. MLAS R — PR 5L T 28 PR Dl BE 2 W I R i e v, — T 1 X Rk
7 A UM S8, O 0 ) 4 B SR A 2 K 55 — D T, e T U X TR L B s U o Bl A LS U
Do TEZARVBRBEL R, ZHMIBE N | SMFAEB R IR T 22 (Ap= PyeanP0o) » TEAL T K T3 F1BT D) T 594
&, AR BE R AR R 5 RIS,y T 2 L I 1) R A B v 5 B A el i, 7 A T 2 B A Al
{87, B LT 4R 2R AR 27 48 3R A R A e L B Bl sl s AU, S T 2R IR I AL D FT AR W) o
PURE e B B B MLAR D o I B AR PR b BB T 28 VR M ROR S AL GE BT | 28 8 T 2R A I IX 5

3 EWEYRZFRFHETLIEEFERZ SN

3.1 ARIZFARERXZIRIGWBEFE R R M
MR LA RE AR, A T A AN [

HEVEIRA N T AR R T MO RERL . AL 2 65}
T LA, B2 28 1R S I, B0 4 25 A .|

T T84 FE B R i O 52 2 M Ak ML A, T2 6 1T 3

JE T MEEE ETF. Bl 25 VR RN, R b 3 ok gﬁ_

TR AERE AT 420 3 AW B, MV SRAL T 2.0~ e

3.0 MPa [X [ i , [ % 7 15T 3 1 89 0, 6 1k 7 4 507

B8 2 A 2 S VR B 3R B, Bl L

A LB ST B =2 30, A5 R T 4T B2 4 R 20 25 30 35 40 45 50

Steam pressure/MPa
B 2 ASRIZERE S0 B YR RERE Y 5

Fig. 2 Effect of steam pressure on energy consumption
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DX TR] R, 28 VAR A 2o 2 P B R ARG SR T D o Y TR BRAE 4.2~5.0 MPa X [B] i, RE i 3, R4S
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TN LA R AL SR R A 8
Wk By 7k % A R T 0 B R, AR S Z
TR R 17 72 77 2 .
33 WRHE R B X A B (y
WA 4 TT LU, B2 7 PR B 4 R I 53
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Fig. 4 Effect of material filling ratio on energy consumption
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Fig. 6 Effect of explosion reactor volume on heat dissipation
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Energy Model and Energy Consumption Analysis of Biomass Pretreatment by
Instant Catapult Steam Explosion

REN Tianbao'?, GAO Weikai’, SU Tongfu', YU Zhengdao®, YUAN Hangzhou',
XU Guizhuan', SONG Andong', ZHANG Bailiang'

(1. Henan Agricultural University, Henan Engineering Research Center for Biochar,
Zhengzhou 450002, Henan, China;
2. Henan Broken Wall Biotechnology Research Institute, Zhengzhou 450002, Henan, China;
3. Guangdong Zhongyan Industry Co., Ltd., Guangzhou 510032, Guangdong, China,

4. Tsinghua Suzhou Environmental Innovation Institute, Suzhou 215011, Jiangsu,China)

Abstract: In the field of biomass resource utilization, the steam explosion technology serves as the key
technology to break the anti-degradation barrier of biomass and realize biorefineries, which is characteristic
of clean, short-term and high efficiency. In this paper, the energy composition and transformation in the
process of biomass steam explosion was analyzed using the basic principle of heat transfer, and an energy
consumption model of biomass steam explosion was established to clarify the mechanical work of steam heat
energy conversion and verify the consumption factors affecting the pretreatment enery of biomass steam
explosion. It was shown that in the process of biomass steam explosion, the established model can not only
accurately reflect the heat energy utilization and transformation process, but also quantitatively analyze the
change law of material moisture content, steam explosion intensity and energy consumption of the charging
amount. This study provides a theoretical reference for the steam explosion technology’s application into the
industrialization of biofuel or biorefineries.

Keywords: instant catapult steam explosion; energy model; pretreatment; biomass; energy consumption;
biorefinery
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