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Explosion is considered as the most hazardously event in petrochemical facilities and offshore
structures. In these facilities, pressure vessels are very important because their explosion may result in
damage to other modules. In practical design, external blast load is applied to one side of pressure
vessels as uniform load.In this paper we try to propose more realistic distribution to confirm
experimental results. This paper includes validation of Eulerian domain capability in finite element
program ABAQUS to carryout uncoupled Eulerian Lagrangian analysis .The results show good
agreement between Eulerian capability and experimental results in locations that do not have high
turbulence effect, but in points where turbulence effects and vortexes are increased, error in numerical
model is larger. Also, this paper shows that the method which is usually used to apply blast loads to
cylindrical materials has a great error in comparison with numerical simulation and experimental
results. Thus, in this paper a blast load distribution is presented which can be used in future research and
industrial designs for vertical shape or horizontal shape of cylindrical materials with a variety of
different diameters.
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Fig.7 air and TNT simulation for validation of eulerian blast wave
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Table 2 material properties
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Table 3 validation for normal reflection
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Fig.13 the 19 reference nodes for reflected pressures
alais 19 ;o jlaé 8l 8 13 sl

_ shear layer
sepration

boundary layer

Fig.14 flow field around cylindrical cylinder
ke G SLb o b o8I 14 S

! navier stokes

2 oplaibs 17 095 1396 vl (e Suille Swiise

e ol jo aseiie il g s SO0 K0Sl e 0.1 alold 4y L
abhdi S jo ool £ Jlid Sl Guzmes el 0030 F ailre alises
s Slp S0 ke lareas o pmiie oole 31 14 alols oy 4 oLl S
MLUSE" 5 oS psbolan 28,5 8 el 5y9e bolall ceslis sla
A8 g0 Bl o9 s bl i gle 4w b g i ol ol jaseine
5O S5 Sy 4 0l D52y lid 3l 8 wal oS bl o yols gads o
sl 5l % 3blee sln 5 yeile 53 (e ) oadpSaie Jlas il

el oalsoslainl 555

il 0 EC3DBR oL L oy ol g5 5l aid ) Way slbolodl yuizron

IS (i ey 3855 55 50 b goue Juo —4-2
2MA0MELOMSlal L 5 GosSUT e 53 s gl e 5o s Jae
IS8 6y e Je (9] (il wliios b illae 35 (s3lafoe
SNy (1280) ab a3 5 )L 53 e 9o gli)) g yie s g 99 ) &
ol poals b gllas) aS 5l e 1.2 5 0.9 gl )| jo onds Saie slo,Lid
Sige 6365 oeSile g oS 285 (L3S abais 00595 50 (191 iy
oole 0,8 awglio [9] (s ul aBislesl loosls b mls 5 3,8
&3y 2 1.2m Jsbo 5 100M lad a4y S (slailginl & jgos 5 o ymite
3 2Bislesl slaesls b (goae zuls auslio (gly .ol ooiiihy 25 oS
So a9y 1 0aDSaie e 4 (Pr) alal 1 )0 0ul mSaie Tge Cand

Gl 0030 5 oolazwl (Pr)az 0

1600 50

1400 == . airvelocity gagel
— 1 40
g 1200 | = =t == = gir velocity gage2 :S,
_}_} 1000 - ++-@-.. airvelocity gage3 7 30 £
g 800 r ot ) air pressure gage 4
2 00 | @ ‘N‘k ? BES 20 g
a1 i B
£ 400 th {10E

200

g1y
0 5 10 15

mesh size(cm)
Fig.11 mesh convergence study

Ui bl 4y cos gl (ol Kos anlllas 11 JSC0

J_

Fig.12 3D model of vertical circular cylinder(diameter=2.5m)
e 2.5 b ay 8 il (285 a5 5 L s Jae 12 JSC5

24


https://dorl.net/dor/20.1001.1.10275940.1396.17.2.47.9
https://mme.modares.ac.ir/article-15-11396-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-20 ]

[ DOR: 20.1001.1.10275940.1396.17.2.47.9 ]

UblSed 9 92 4 Swls S

Dl $33e (55w &y 1 (5 a50 it b JSodb (5 3w bl gl ey Sl JLind 23593 duunlze

SVAVG, Pressure

(Avg: 75%)
+4.6e+05
+4.2e+05
+3.8e+05
+3.4e+05
+3.0e+05
+2.6e+05
+2.2e+05
+1.8e+05
+1.4e+05
+1.0e+05
+5.9e+04
+1.8e+04
-2.2e+04

L..

Difarmation Scale Factor: +1.00+00

t (sec) =0.0038 I

SVAVG, Pressur

(Avg: 75%)
+2.9e+05
+2.6e+05
+2.4e+05
+2.1e+05
+1.8e+05
+1.6e+05
+1.3e+05
+1.0e+05
+7.4e+04
+4.7e+04
+2.0e+04
-7.6e+03
-3.5e+04

v

L x Stop:Step-1

Increment
Primary Var:

Var:U D o 2 +1.00+00

t(sec) =0.006 o

SVAVG, Pressur
(Avg: 75%)
+1.2e+05
+1.1e+05
+9.5e+04
+8.1e+04
+6.7e+04
+5.3e+04
+3.9e+04
+2.5e+04
+1.1e+04
-3.5e+03
-1.8e+04
-3.2e+04
-4.6e+04

1_. x  Step:Step-1

Increment
Primary Var:
Deformed Var: U Doformation Scole Factor: +1.0e 00

t(sec) =0.0084

SVAVG, Pressur:
(Avg: 75%)
+9.7e+04
+8.5e+04
+7.2e+04
+6.0e+04
+4.7e+04
+3.5e+04
+2.2e+04
+9.5e+03
-3.0e+03
-1.6e+04
-2.8e+04
-4.1e+04
-5.3e+04

¥

1_. x  Step:Step-1
Increment

;‘::::!vczg:ar: U Deformation Scale Factor: « 1.0e+00
t(sec)=0.01 »
Fig.16 expansion of blast wave around circular cylinder(Pa)
(Pa) ISt (5 ks aliino Il 5o loril o (S 16 JSUs

Ci g aibse bysye (Ao in) 5pw ooz @ 1 yuite (12) alal, ,o
WS o Sl |y 398 6w Doz Sl plaS 0 g a5 el il S

25

Sy oo Vb Gipdy 2 L &Sl g9p0 ol 4 Ay ]l
IS (5 patken ile uty LlES > (lRlesT 5 o0 gl e SN
A S o3)ly lad (T 398 bl o GulSasl 1 85 G 5l s @
B8 IS cggazme,d 5 oog Sl Jloniil Joxe (599, LI 2 o)y jLid

25 IS (6 pailes ez 2 3)l3 IS (9555 595 2 5oL T

W8 g aidew plua (gl alido 5o ks )0 o 5¢f A lio -1-3
15105 slayks o JSo 550tk puz jlad i b S0 (qyp 0
o Ol Sl 5 C8F Ojso il giluand 3 e 2.5 5 2
@S 5112 5 0.9 alols 9o 40 5 e glas)) ailie yo W56 JSG (5 joilew
LTSS L Gllae 6505k 398 el )l 90 o jLad 5 w0 S sl
2 yled aboe alS IS8 6yl pu ShE a4z e 45wl oaalis
Sl 53 g WS (e FSuE R L 4 ojle gelpn lie L
Slaykad 5 5 358 0 SpS JSO 5yl e el ST ST GRalS
K8 e ez 909 whw ln 1) SIS LS Glge b
e 5 ks s (558 a8 S (g By o (LT SE) w85 L s
FB SzsS Sl sl o Bpo JS8 5yt plaal Ggel i e lpiSs

el Gy

B gk plual (gl iliso b )3 53 &1 595 duan e —2-3
53 b 4l (Al (g paikew plazl p loxdil ST cmy 4 00 (om0 3
L .19 518 o) cuwl onis ad)F a5 o e 5l alold S sy ol
5 202532050 0.5 lakd 5 IS5 (6 otk g b i
oyt ke a5 (20 S8) ab smlie 5 S g okl (ojluderd
Alide bl ) bo)lad wl oo 2alS jlad azya a5 036 (g puilew ploa]
Sl ST pals i 5 g WS o0 S B JLad ol Ggel
ghe ln ) G219 s plgie omb slaykd o 5 wsdie SeS

35 Sl IS ik e 29095

oo s 5l S (3l -3-3
plaxl Soalm HLid @je5 wilyi oo (owpienS o gois 5l (Slacgacs
4 Sz oaddll) Ly, el o aen 4y S Sanlea |y g ailn
4,58 SYoles 5l S5 (g 0w plual Glibl jo jLad & 568 9591 Cawd
I8 Wlgs go oadosls b3l (omie dlolae ailes S solaiul pwginS

ol ansly 1) (12) alal,

%= 8 ocicosif = cycos0+cqcosf +
¢, €0s 20 + c3 cos 30 + ¢4 cos 46 + c5 cos 560 +
Ce COS 60 (12)
1.2
1 A“ A experimental [9]
e 08 “ @ numerical
= 06
o, A
0.4 a AA
02 ‘A‘*AAAA‘
0 1 1 1 1 1 I. e . ! . . .

0 20 40 60 80 100 120 140 160 180 200
degree

Fig.15 comparison of current numerical result with experimental result
in [9]
9] o alEaslo}] b b yil> soue gl dmlia 15 JSi

2 o)laids 17 095 1396 s )l (oo Suille wise


https://dorl.net/dor/20.1001.1.10275940.1396.17.2.47.9
https://mme.modares.ac.ir/article-15-11396-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-20 ]

[ DOR: 20.1001.1.10275940.1396.17.2.47.9 ]

UblSed 9 92 4 Swls S

Dl $33e (55w &y 1 (5 a50 it b JSodb (5 3w bl gl ey Sl JLind 23593 duunlze

sloosls olyan 4y sadools il slopmie "22 5 21 sla S o
oadosls Giolad Lo K& cpl jo a5 (bl ool cadosls jiules goae
L oadosls (b3l Somie 0dd ey Jas 5 sl (g0ue sloosls 4y b e

oloj—Hlid S dwlxo Aig, -4-3
ez Jloel Glaj Lad e dvalxe Cux Silaeld Lisw ol jo

IS il gz sl g00e @l 3l oalosls il g al o 4 Jous

PIE]
Table 3 parameters of fitted curves for numerical results of vertical
circular cylinder simulation
25 s 2 s 15 s 1 s 05, ¢
0.3589 0.3797 0.4214 0.4469 0.502 c
0.4605 0.4508 0.4483 0.4294 0.3833 ¢,
0.157 0.1491 0.1175 0.1023 0.0711 c,
0.0367 0.0296 0.0136 0.0186 0.0341 c3
-0.0126 -0.0094 -0.0056 0.0014 0.0071 Cy
-0.0085 -0.0066 0.0004 0.002 0.0014  ¢5
-0.0022 -0.0036 -0.0025 -0.0057 -0.0035 ¢,
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Table 4 parameters of the fitted curves for numerical result of
horizontal circular cylinder simulation
25 s 2 kb 15 i 1 s 0.5 s c;
0.4506 0.2883 0.3194 0.3938 0.4378 co
0.3860 0.40973 0.4289 0.4370 0.4305 cq
0.0924 0.1996 0.1737 0.1291 0.098 c,
0.0441 0.0859 0.0679 0.0302 0.0226 c3
0.012 0.024 0.0125 0.0089 0.0116 cy
0.004 0.0035 0.0031 0.011 0.0037 cs
-0.006 -0.0079 -0.0024 0.0025 -0.007 Cq
1.2
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Fig.21 the fitted curves on numerical results of horizontal circular
cylinder simulation
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Fig.22 the fitted curves on numerical results of vertical circular
cylinder simulation
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Fig.17 comparison among distribution of peak pressure in simulated
diameters of vertical circular cylinder
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Fig.18 3D model of horizontal circular cylinder (diameter=2.5m)
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Fig.19 expansion of blast wave around horizontal circular cylinder (Pa)
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Fig.20 comparison among distribution of peak pressure in simulated
diameters of horizontal circular cylinder
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1 Assume the incident pressure 1
1 (Less than 5 bar) 1

eyl p——— |

1 Apply equation (9) to calculate the normal reflected 1
1 nressure 1

1

| usingequation (12) and table4 and Determine % :
1 table 5 T
L----------;—----------l
[ e
1 Apply equation (8) to calculate duration of the 1
1 positive phase of the blast 1
I.----------;—----------l
o e S e e e
1 Determine the normalized pressure-time curve 1
1 using P and Ty 1

e = d

Fig.23 the proposed flowchart to obtain pressure-time curve in design
of circular cylinder
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