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Simulation Analysis of the Grain Sorage Fire Based on the PyroSim
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Abstract: In order to study the effect of the fire on the workers, the PyroSim was used to simulate the fire of
in grain reserve storages in this paper. The widely used warehouse was selected as the research object, and
the physical model was established. Aiming at the fire scenario caused by phosphine fumigation port, the
development of fire smoke and temperature distribution were analyzed, and preventive measures were
proposed. The results showed that the formation stage and upward development stage of smoke are the best
time for fire fighting and evacuation of operators, and the smoke has not diffused to the entire warehouse.
And the operators should evacuate immediately when the smoke diffuses at the top. The operators are
forbidden to enter the warehouse when the smoke fills the warehouse. The temperature of the warchouse

below 1.5 meters does not reach the limit of the personnel endurance range between 10 seconds and 100
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seconds. And due to the full combustion of the combustor, the temperature keeps rising, and the operators are

facing the risk of burns in 100 seconds to 10 minutes.

Key words. PyroSim; grain reserve storages; fire simulation; smoke; hwarehouse

MM A PR 1) R 2 i, Wi
AR ) 2 T . GeitR U], A HAbE
RIS, KR LA MR %, 1 R 2k e
hivE, IFH, MEMSWEY, SRR
HORBYFR, Rk 2SR TR, RERTT
HmE A, RFEARBARET ., —BEE KK
=i, MESHIREHARE, W H A A 5
SRR IEAEAE L N B AUR G KOR i i
KIGH o RIHOPHRZE KR BT B B

] DA 27 5 R R I S R AT TR
BrRn I P o Horp TR AR T BRSO 1
S3ATT AR R R DR R A 3 D PR R Rl AT
BRI RS IRI s T NKE O R B A
HREEA B AP JOR BRI L P 2 E TR
O T B IR | f F 28 N 97 7 18 it A7 7 Bt
SRR T AR KA RN P Y AR T
TR T RE AR B JOR B R R G T KK
WEEY . TR R R, SRR N kA
PUFRHEMEF] . 22 E NIST WF& M KK SR
AT FDS, DL S I 0 (i A A o 7 i T A ok
A Thunderhead Engineering PyroSim ( LA f&j#x
PyroSim ) ZEARRIATAML Rz o AN, H5AT
i kX = R B . MR Rl A AT K
BEALL, RIS R A] B o AN [R] K9 Hb g i R <
MREE . REULEETENL, B A 03 G A 22 42 B[] A
MLk, LIRS A ROy 25 s A Tl R Rk
BRI ACH . s WL, RAVK 424 Cl i TR
ARG S HEAT IR, R 5T T ARG KSR T
NRK fa AR, 52 T (1 d5e/ NG RS Bk e 1),
A L1 AT M 0] 388 Ao A A0L b T A T A [ KO T 0 Y
KRGy, AT IR SR S A AR DL,
R AR S S I S ) 60 17 SR BBl K it
AT RBIG P, FB 027 1 B AU AR AL 1R
T g SRRV IS BE L K s M B
JE K AN R AR TR

UL ENER L, AN THRE A& KK
G, IR A X LA KR AU AR

N B R BRI, A SCRE R R KRB R
' PyroSim, 3 HUR £ i 45 4 v b AR 2 107 7
GBS, SRR AL SR 28 1 R A 0 ORTE
B, AT KIS BE X T AR B 5%
Wy, Jf R T A, DU A AR R K. KK
YN €7 S e S T
1 RENRHEXELERM
11 FTEMBENRSESR
L11 KRPIG BB

UK IRRE L= T Al A N FUKRE TR
PR TEJCRBIIR B, ATIAIET . #RBERY
SN EIE RIS RN I O Q) S RIS ¥ ¥ 6l
—ERC, PRPSHEERAE , MBI T R SR
L UL A 2 1 R KR S5 22 R SRR L o 5 ]
R 2 HAR SRR, KICKARS K g ; 5 TR
WA AR ED, BB R IO A Ol . B, K
BN Gy v, (RSB K ORI G B ) 5%
S
1.1.2 KKK REH B

KRS BE, A A 1 AT R 78 4R BE
=R 2R, AR E IR, B RAiE
IR, RRERE A SR i i RN AR SR A LA
KFR TR, KR KT BB r rT R
B GG R PR TR BRI 80%! . LBy
B K K N5 B % 3l T B ) s iR AT R 2kt
H, PR AR S R AN BT
1.1.3 KKK BB

KRALK BB, AT IRYBE IR B s IS, K
BN, RETFR TR, AR E N, (HAH
KRR AR, R RS E— B B KRR
BUFREE I AR ROC R o FrZemf s, 0
AR, KL, MBS MR A R, A
FRATRREN I KT R AR B I AN B B R A
12 KRRES

KR A AE W) T AE R B 3o i o il 7 AR
(18 J AR 25 A Y ARV BORE . K TEAR )

212



SE295 2021 & E2H

ﬁ%ﬁmﬁﬁmf“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

CiRER

FERIHEHE . ORBBENIETRY; @AM
BRBET= 1), QVA TERBRBERIW . A 43 P A
PEERUINIRL . ORISR e F 2R E A
AEESEENT T EEE R fEA
R AR AV S5 PR R, B AR Y A A
ES NGOG E R e = S 3 DN 2
JREYZM, 7 A A RS RT RE 1 s B B
M fER e,

1.3 RREMRENA

KPR B AN [ A O AN [ F A R, R
BLKRR | X R K- ME A
RIS s R RS, EDUL T g K
AR R, SERO KR TR S . R
3T I S PR BT
1.3.1 “FRAR% (Expert System )

L RRGFBAREE M2 % G KR S By A
TE SR RE MR RS, LUK RFBLF= A
KA N BT RFEBMEIA SRR, %
TRV B 7 X6 A 5 A AL O R o 1Y
Bl H g A e £ 0 & FIREFORM , % [H
ASKRSF FI K F . FIRECAIC 252021,

1.3.2 X% ( Zone Model )

DX 3R AL S A — i 2 235 [) KA IS X 42
), R A = RSFEE LK
b2 B A S 6o BT 2 22 57 E IOk
FL5 AR AP AL H A 52 0
Sy Tk R 2 v R AT PR A 4 i R A T T IX
IR AR 2 5H CFAST. FIRST. Vents %,
1.3.3 A ( Field Model )

YRl L = RSP e R BRI I o S Al
FIFETTFEALR e K 93 A RS S 8500 23 8] 43 A
B LB AR T o B RIS K I e v
M2 Ry B £24 CFD i@ K
CFX. FLUENT Ak AL 4 FDSP 4,
1.3.4 X-37-ME SR ( Field-Zone-Network
Model )

(X 37— W &2 A B R0 2 b B R 1) £ A
o Y — BRI RE G5 T R BTITT SR I, R 2
ZFEAIEE G, X BE R A AN [RIBL T (AR
&, TG R B K TARA T

A ORI I R, BEIRCRE 41 K

RS FN AT 7] LATE CRAEA AU BT 5 19 B Ailh b1 29 i
AR ], SRR XA SCRR AT 5 B AR
FERZER, R AT, BTk A A
LB = AE FDS #8588 [ 5L Al b 3 47 20
Pyrosim K KA,
2 PyroSim ERHIBISFNE B G N R EEEIL
2.1 PyroSim RN A

PyroSim K KA A I — 3k L HI T IH B 5)
ST EBAN AT, B R KK EAUEA FDS 1Y
Feml &SRR . PyroSim KR AR IR e K Y
Ff RS T = 4R Ak Al B8R AT A0k G 4 1Y
hfe, BEfS il A A i), kA 1 RS
M o AT LIRS ) 2 e AR A
K HI'T Navier-Stokes J7 P2 IR RERE . o)) & Al
Jo s A T Al 53 AR A T AT B

F 1 PyroSim NREMREGEILFTE
Tablel PyroSim firesimulation software theoretical equation

P AT WIS

4| ~rha 1 6 D m n
1 CER TR N a(ph)+v~phu=3$+q -V-q"+¢

BN
2 s sFE R a(pu)+V-phu+V~ p=pg,+f +Ver

3 I

iz

S R %+Wmﬂ
4 HopsplEITRE gumvaw=qunvm+w

0 Y,
S TR T+ VAUR = pTRY S
i i

Kb p: KB, kg/m’; u: EERE, m/s, u=(uv,w);
v PR FARKEER S 5K, Pa; fo AMERHE, kg/ms®; p:
JEF1, Pa; h A&, Tke; q': PoBEEE, Wm’; g 1k
FURBRGE S, W/m®; ¢: FEHUREL, W/m's Yi: 44 i R
ML Di: H4r i YRS, mYs; T AREE, K R:
SRR, R=8.314 J/(mol-K),

PyroSim K FEE B R4 S REARIEE ST |
BATR AT AL = A FAR G R AR
H.OREEE. FERVIRE, BRERE, 55
— SRR KR BEBAUR Y, 5 il is T
P, i A L PR R Bl e A
22 FEEMNRE PyroSim H{E®ZE

T eENRER RECR, BN
ML PRI BRI B rERELS, RO ER.
MFEmR . e fE . SR, il T (8 55
A, Bz BFIARSCEBCOE B 17k

213



[EXEEDT

ﬁ%ﬂMﬁﬁmf

TECHNOLOGY OF CEREALS,OILS AND FOODS

E29% 2021 F F28H

TR FE o

BRSO BT E AR AR R
AMEZEN SR, B E AR R E . R
. AR, HEZERERG IR KR
SR KA. RIS 3 BRI BT 2K
LRI S A TR R KR
22,1 PReYRREIRIE E

AWETE LA RV P AR 4, LR X
SRSV A HEAT AR R A AS TR X 3
AN, RO BCE TR EE+ H 4R
. Hob, @K 60m, %30m, & 10 m. 7¢
O RE U E RUET R R, IR T OGRS
WK1 s,

Bl FEEWEKRR
Fig.1 Physical model of warehouse

222 MBBARINTE

H T8 55 B 1 ER SR Lo K 5 i, b,
Xt #E SR UEA T (AT AL ST B R SE o 70x40x15 m’ Y
SEOTIR, BURASSEOL TR R 2, m RS RGE R
Ix1x1, 4% S E0CR 42 000,

®2 MESHILE
Table2 Grid parameter setting

il Min (25 ) Max (£5,) 9 4% %4
X -5 65 70
Y -5 35 40
z 0 15 15

TR LI Do 28 A5 B T LA B ) A ST
CIFACRIL, CREFETT 232 5 8] 1 L kL 75
FN ARG BRI E5 5
223 KESEE

KUE SR EECEEZRD, HEeH 3 m
b, KRR 0.5%0.5 m?, % B8, 4o
Bl 2 FiR .

B2 NEREE
Fig.2 Firesource setting
22.4  KRORBANBIG FAF R BOE
TEFEAT PyroSim K REAARIS , B4R 55 1F
A —HB o ie RGANBE R, (HERIEADTERY
ARG, X TR R BOEWT
(1) HEEhitrifEE: 20 °C
(2) BRGNS : 65%
(3) FRERAEST: 101325 Pa
(4) Ki#: 0m/s
(5) JRAEAUMIE : 600 s
(6) KRR P k
(7) HuASORISREERS BT A TABTRE, AL
23 RNREHLER
23.1 MK
3L PyroSim #N7 o Y BEAE AL ) AR5
BOE KPR, BOEA RN KRR 550, Z
J5 HdiistT FDS #EA7 KR S 75K . XA Ry
18 B ) AR R RN, A% 22 /0S5 A A [
AN o ABFFEE B RMELE 4.5 h, B4R
2t Smokeview H{4 b RS 38 35 AT 14 T 34 Jre B
WK R TR A s it B A RR if nT A4
B BE I ] B A2 AR (A . T8l 3~6 Fron g KR
MRS R

B 3 WSFEAME
Fig.3 Smoke formation stage

214



295 2021 & &2 H

IENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS.

CiRER

B4 BESELERHNEK
Fig.4 Smokeupward development stage

B 5 BESTEEREMKR
Fig.5 Top development stage of smoke

B 6 BESyHMEK
Fig.6 Smoke diffusion stage

MBS EE SR LUE 1, KRBT, KK
AL TFIE R B, KRB, BB KK
N A B B AR R — e R,
KRR LR, IRARERS TR Y, KR
N S B YNG4 D& ik S e ih)
A HERS ,  KIARB A TR Y 1, JF IR YT
BRI, BN TAEN G SR,
158 MR ITTEERIE, KRIAI RN
W, BB A T N AR BB 32 310 ™ 59 2R A
Ja o
232 JEE

PEAH DG B A A LI e 1, KR R
TR 20 AR B — i AR BE i 3 3, A R[]
AT R A L B S R HOE T, FIWTE AR
JE AT NG GRS, 380 DA HR A 8 40 <R
Y S R AR U B AT W o CHR BRI = R

1.2~1.8 m, BOAMRFFAE R BN 1.5 mo X TR T
GRBER T, WS N ER L AZ B R R
W
w4u—if75 (6)
T-B [
]
K t R Z A ming T A2 SR
°C; By Ml By 73l ik, — Bi=1.0, B,=0,
FIEWE W, LeRE0 0.6, 155]:

t=246x—— (7)

HRE A AT A5 N 53 252 B ) et B 2 a) 1
XF, MRS 50, 100, 200 °CHf, AKAY
ZHE B 180, 14, 1.2 min, TGN
RS R SR A0, PR e O A AT 5 1 i ST
JE4 100 °C.

SR A5 A N & A kB SR BE 1) AR Al R
O, FEE S D) B S R RIS, B RR 7,

B 7 RERERNZE
Fig.7 Setting the temperature detector

Ze BT AR R A A i O, A&l 8~10 TR o

420
380 !
340
300

260
220
180

140
100
60
20

E 8 10sHiRESM
Fig.8 Temperaturedistribution at 10s




[EXEEDT

@%ﬁﬂ%ﬁmf”

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

295 2021 & B2 HA

420
380
340
300
260
220
180
140
100

20

9 100sHIRES T
Fig.9 Temperaturedistribution at 100 s

420
380 .
340
300
260
220
180
140
100

60
20

& 10 600 sHFBEES T
Fig.10 Temperaturedistribution at 600 s

HEI AT AL, B 2K 10 s Z24RF, KAk
FRILGER B, AR, &F 100 °CHY X
FEAETE SRR IT, oA s )R 4R 5 7E R
20 °CA; MAFAIFE 100 s ZEA R, KRIFLR
B, MSTFIRELE, (B4 5 NI IR B RH /id
Wb FE IR, DEB X AR e K R A
FRVRA; BEE KRB & R, 4 a2 35
10 min ZE45 B, A SR G, 1.5 m DL EX
BT 100 °C, 1.5 m DUF KIRBARLEF 60~100 °C
ZIA], B2 AT RS e e () R R A AR SR IR,
I, FEHAN GO RS, e R

3 BiRFIANRBEE K

31 BN
3.1.1 KR ETP

HRJZE K1) 32 Bl B 4P 4 14 2 10 B A a6 DY
KR AR JR A it o I A B 0 0L o e %o
At R L RN Aol O WA T B, ST SRR TTY
R EEALE], I RO B AT, AT B R
A AL, XTI B B R A A — A, R
— Qb o AR A PR A M R A 7 S ST {4

SR, KB TAE . IFEEA R B,
7 | HEAH G 7 4P B AR AL+ M KR AR I i
Bt S AR R P i JCR TR s EK KR
4%
3.1.2 KRB

R U BB B B 4P i ) SR 08055 K R KR g
P, WD PR I RS . o, e
(1R S At R PSR A Ml 7 s i K RN A FEE L i
XPRK KA TG L D RTE AL B RE T, $EE N
SRRV RE T, KB BIF . ERL. ZAEAL
R KK, I KB D N G T FR R i
Ko BRILZAN, KRENIE NS H 80 Gy AT A )
B, DR R AR 1 B K PERE
32 ANREHE

MEH KRG, NARE ORI N AT
M RAE I . B R ZEAEME A BT, RREEHLA 51
N s 2 A AR, REE AR ZE LR
W $Z A CHE, AR A B T AR X 35K 0 22
AR BRI | AR 2k PR DL A g R
WIS, JFE BT RIEBIE 2R, BRI A DTTRA
TR N 2R R, LI RN, R KR
WK A IR N A F DR R, 2% 2 2 A PR i ORI
HEAE 1 1 o
4 g

ARG PyroSim B KPRk 5 1 TG
P OB L T R AT L, 4007 T 4
SRR BE AT Al A B S, A5 B A5 T T

A BT BT 8 R B o 2 KR
BB AR 2407 U O
AGBLT R SRR A I B 4
T, Ml A B A G

R 5 FEIEL A B AR G, 1N
1.5 m DU o PR S A0\ b PR 2 2 R
i A B S S . O ELIEH £ 1
B, B Ik AR R R R e

AR 3 il O SR B 5 R
Pl Joa, AT A A B DRI %
120\ BB IR I D 050
£ %3
(1] EMk, BBSEHE, ARER, 55 FET W i e K R S s A d].

216



SE295 2021 & E2H

@%ﬁﬁ%mﬁ”

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

CiRER

(2]

(3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

P EHAA AR, 2019, 34(S2): 21-24.

WANG H, HAO L Q, LIN L, et al. Analysis of grain depot fire
accident based on fault tree[J]. Journal of the Chinese Cereals
and Oils Association, 2019, 34(S2): 21-24.

FAF, XA, BBSLRE, GE. MR IR R 43
Fr[I]. ML, 2020, 45(3): 85-87.

WANG H, LIU S H, HAO L Q, et al. Fault tree analysis of grain
storage depot fire accident[J]. Grain Processing, 2020, 45(3):
85-87.

F/NKG . RIS R KO E R G BT B 5[], SR Tl &
151k, 2014, 4(9): 54-56.

WANG X J. Analysis and countermeasures of fire induced by
grain depot[J]. Modern Industrial Economy and Informationization,
2014, 4(9): 54-56.

RETTHE, T8, EER. BT 2SR I AR i A
KR ZR GBI AT]. T EIAAAR, 2019, 34(S2): 12-15.
TANG F X, DING K J, WANG Z J. Design and development of
fire warning system for grain storage based on multi-parameter
collaborative monitoring[J]. Journal of the Chinese Cereals and
Oils Association, 2019, 34(S2): 12-15.

HADJISOPHOCLEOUS G JIA Q. Comparison of FDS prediction
of smoke movement in a 10-storey building with experimental
data[J]. Fire Technology, 2009, 45(2): 163-177.

GLASA J, VALASEK L, WEISENPACHER P, et al. Cinema fire
modelling by FDS[J]. Journal of Physics Conference, 2013, 410(1):
2013.

OZTEKIN E S. Heat and mass transfer due to a small-fire in an
aircraft cargo compartment[J]. International Journal of Heat &
Mass Transfer, 2014, 73(6): 562-573.

MENG N, HU L H, WU L, et al. Numerical study on the
optimization of smoke ventilation mode at the conjunction area
between tunnel track and platform in emergency of a train fire at
subway station[J]. Tunnelling and Underground Space Technology
incorporating Trenchless Technology Research, 2014, 40.

M, HMR, %, 5. #Eks) 4K R E L m i)
BleEE AR 5 THE, 2016, 16(31): 281-284+289.

TIAN X, SUY C, XI Y J, et al. Study on the fire safety evacuation
of subway trains[J]. Science Technology and Engineering, 2016,
16(31): 281-284+289.

QURE, 250, PREE, 4. BT PyroSim MURH BN KK 5)
Hr[0]. PRI TR 2A4R (1 S8 FE), 2014, 28(10): 35-37.
LIANG J H, LI X, LIN J H, et al. Analyses of EMU fire based
on PyroSim[J]. Journal of Chongqing University of Technology
(Natural Science), 2014, 28(10): 35-37.

BR24, BRER. FETF PyroSim BYE 24 I A d A REdas il
WFFE]. B R 50 A, 2012(10): 9-10.

CHEN X, LV S R. Research on intelligent control of fire smoke
in complex mine based on PyroSim[J]. Digital Technology &
Application, 2012(10): 9-10.

AR, EALL. HT PyroSim MBI ALK T EAT]. B
B, 2018, 39(3): 130-132.

ZHANG J, WANG S D. Simulation of mine electrical fire based
on PyroSim[J]. Coal Mine Machinery, 2018, 39(3): 130-132.
BRFE, K, i, 5. MAEC R KRR S AT 5T
(1. WBERE S5HER, 2019, 38(10): 1397-1401.

ZHAO Q L, GUAN L, WU H L, et al. Study on the early spread
of cotton warehouse fire[J]. Fire Science and Technology, 2019,
38(10): 1397-1401.

)G FET PyroSim BLIAIRISEE | KA G KM

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

[23]

[24]

[25]

ARG FET]. DO TR 2 (5 B 5 4 B TR,
2018, 40(1): 1-4+15.

LI C Y. Research on fire fighting techniques and tactics of large
span and large space warehouse based on PyroSim simulation[J].
Journal of Wuhan University of Technology(Information &
Management Engineering) , 2018, 40(1): 1-4+15.

R, W, #IAKRZLTRSIRM]. I8 hERE
AR AL, 1999: 119-112.

HUO R, HU Y. Introduction to building fire safety engineering[M].
Hefei: University of Science and Technology of China Press,
1999: 119-112.

VT, VBRI G T SR ] hEA
2z (CEARAR), 2011, (2): 78-80.

HUANG LY, JIANG S Y. Analysis on the harm of fire smoke and
preventive measures[J]. China Public Security(Academy Edition),
2011, (2): 78-80.

R, T FTE R TR SO RN A RS
FHEAHIITEBTE[D]. AT ERRERR A, 2009.

WU L X. Research on smoke hazard analysis method based on
smoke composition and temperature distribution in typical building
structure[D]. Hefei: University of Science and Technology of
China, 2009.

s JET Pyrosim Al Pathfinder A9 2SR KK BUEAFAL R4
REHIED]. K REEHIT R, 2015.

ZHANG Z K. Research on building fire numerical simulation
and safe evacuation based on Pyrosim and Pathfinder[D]. Tianjin:
Tianjin University of Technology, 2015.

BEYLER C, P J. DI N. Introduction to fire models. chapterd~11,
SFPE Hand-book of fire protection engineering. 2nd Edition[M].
Society of Fire protection Engineering and National Fire
protection Association, Quincy, USA, 1995.

JETIEE. BET GIS k95 T NS ASI[D]. Jbat: W
HERAE, 2009.

TANG F Q. Simulation of evacuation under fire scene based on
GIS[D]. Beijing: Tsinghua University, 2009.

TERE, BRBHR, BBl % RIS TR ARTE KR
2R IR AT]. KKFLE, 2001, 10(3): 144-149.

WANG J, CHEN X F, YANG R, et al. Application of computational
simulation and visible technology in fire science research[J]. Fire
Safety Science, 2001, 10(3): 144-149.

At BOUE, BWE. AP K IR 5 TR
FEHRRL ], B T RR2E4), 2003, 23(2): 63-69.

CONG B H, LIAO G H, WEI Y X. Application of computer
simulation in fire science and engineering research[J]. Journal of
Disaster Prevention and Mitigation Engineering, 2003, 23(2):
63-69.

KEVIN B. MCGRATTAN, HOWARD R, et al. Fire dynamic
simulator (version4) user, guide[R]. U. S. Government Printing
Office, 2006: 1-31.

KEVIN B. MCGRATTAN, HOWARD R, et al. Fire dynamics
simulator(version3)-technical reference guide[R].
ReportN1-STIR6783, National Institute of Standards and
Technology Gaithersburg, MD20899, 1997(6).

BAUM H R, MC GRATTAN K B. Simulation of large industrial

outdoor fires [A]. In fire safety science-proceedings of the sixth

Technical

international symposium[C] International Association for Fire
safety science, 1999, 244-256. &

#iE: AE O RFZR WA TIE M (http://lyspkj.ijournal.cn/ch/
index.axpx ). HEHIM ., Ty, 4. BESEIEE T HIRE

217



