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8 oF ! sletEd FHAFEFAANA FAstE A RE st S 7lEAer aFHE 98 &
A (Risk AnalysiDr] 3749 EA4S & wgste= Zo] wle Fasith 2 Aol CED
(computational fluid dynamics) $101E &-8sto] apotg7do]l 199 $48S thdoz A=A e AL
Hoff ATHE EAst ehdstE WekE AAISkeh olE I3 WHEA AR sFehEAde] RHDS (:F
AR REE) 38e d R AASAY 22, de 2 AA0 FEe dE, ti7H, b

o

Zo] 9F 5 o7 BEH H4E 2lste] FEA (Finite Element Analysis)2t CFD AlE#o]dE 43
Sho] Al Zdb AJEYo]dS £a5t9eH, 3D Scanning 7|, FEE 7] A4, FEF AL AT

T[] : Y FIL HLAGE, FES, AEEOl, 36y

Abstract : For a risk analysis in a chemical process, it is important to reflect correctly the
characteristic properties of the target process. In this study, computational fluid dynamics (CFD)
was adopted for the advanced risk analysis in a residual hydro desulfurization (RHDS) process by
considering operation condition, layout of instruments and facilities, atmospheric condition, and
wind direction. Release and explosion simulations for the RHDS by using FEA (Finite Element
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Analysis) and CFD showed the applicability of 3D scanning methods for estimation of release hole

size and release amount.
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Fig. 1. RHDS process flow.
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At it FEF 718 dEcheE ¥ Atn
7o wzt gefsinz, B AfeAE RHDS
T At A mto]x (Fig, )4 FE%

7] =2 s a4 sHA  (FEA, Finite
Element Analysis) 7|8 [13]1& 2835t $419]
5 s g mEx HF AHS B
o (Fig. 3), ©] ZAW}S ET= CCPSL}
KOSHA 7lol= [9,10]0014 Al-gshe Hidof u}
2, HEREEd H9 sG] 50 kgf/or
ZIA] WA Q] 20% A-g 7]Eo] whet FEE
=27] (100 mm X 20 mm)E AH3stqct (Fig.
4).

H

Fig. 2.

Reducer 2t

Fig. 3. Stress distribution in a damaged
reducer.

42 =5 Fi

sfetEd FEAL Al FEFE APl e
Hg 7t ol #AA AMEES AIChE/
CCPS (Center for Chemical Process Safety of
the American Institute of Chemical Engineers)
oA &3t ZtolEeieles wETH [9]. e

olelgt 4 At wHe A4 FAAA i
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AfaL A SkEAtel ot Al ARF (Back
Flow), +& 4ZHAP)e o3 Alojs= FHd

B, {n 5 ZAe AsE A ¥
FAE 7RI meEtd 2 dFelME FERES
gstA Ayl s 3w e, 93, E
B, dugr], $27] 59 Aujet FEFA S
A FEo] WAY A, ofd $AxUe WSt
of fAle] A=t fFEdide 3L + e

CFD CodeZ} 28X Flownex AlEHo|EHE o]
|5to] 2 APgskth (Fig. 5) [111.

.

100mm

Fig. 4. Release hole obtained by using FEA
simulation and technical guideline.
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Fig. 5. Flownex component simulation
diagram.
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- gak Direction(zZ)  Leak Position

Z, 28 7t 60, F 66025 245l : K .

rae ABdeld stgom, gl x4 ‘ j

-7.995 kg st vl upstream -F-52
L o] A = A%k ulx

(Table 1). ©o]& Hg o=

M%Eﬂﬂt% ATt FEREHE 150

)

Z-Distance(rn)

. Y0
Table 1. Release amount by using Flownex. B

Fig. 6. Release position in +X and +Z.

Average | Average |Average back|  Total
Simulation | flow rate | velocity | flow rate release
(MFR, kg/s) | (m/s) (BFR, kg/s) |amount (kg) . = e
Results 14996 | 1280429 -7.995 9912.534 5. msi3E =4

5.1. EAF AlE0|M

AP %S 7Hgskal CFD AlE# oS 95
Microstation CAD Z2 138 o]gsto] 3D 7Y
T ods A5kl FLACS CFD [14]A]&d 0]
o AH&stHtt (Fig. 7). RHDS F#4e] S-12
Arate] gk &gt AlEElelde 918 FLACS
oA a7=EE Y4 FHE2 Table 33 Zow,
Hpehe] ek Fig. 83

4.3, Al AlLI2|

Algdlold didos m% 2z T A
L e el FET 270, FEFl R A
A ATHE vigtoz theat  Zo] AT F70]
TAEQICE (Table 2). 2] 2 Au7t B4sHA
Ax RYHAL e SR A FEEHe
Wegol whet Atmme) Augt 24 2o A 5
k. olell & 179 HiAEE] RHDS 54l
Al reducer®} vjTOA THE HEH(+X, +Z7)°]

el S L B ABeol A HAesnt.

Table 2. Accident condition = 10 um
= s

Incident Incident Incidents Incident ‘
Number Outcome Outcome Case
$12 Hydrogen gas Explo;lon/] 2.03 m/s, wind

release from et Fire
Stability Class F
Wind Direction
Temperature

Table 3. Leak description

Leak Description
L Duration| Rate
Direction X Y Z ) |kes)
+X 28.6 67 0.8
-X 26.8 67 0.8
+7Z 26 67 1.2 660 15
-Z 26 67 1.2

(b) Side view
Fig. 7. 3D images of RHDS process for
FLACS simulation.
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Fig. 8. Wind description for FLACS simulation

St Agdlold Futel W 9), &
A Zadg) AR oF 100s olFHE A4
AEZE EAfs, FEARbe] oF 100s2 Z @
A%, ol FRH rEo] FAH|7HA AT H
Mgl AZol GAHGh webd, sl A4
o 7% 100s olge] AZHES o] A4 4
%, 3005t} 600s 9] rEATIGL FAstris
oulz a4 Hek.

TG, AL +X Bl & (Fig 10)0]
g 2 e AH e denpglon, 59
3 AGNA Eol WASIEEtE 2wl ot
20w ded e & 9ee A5

o

1l
A

4

30 |

— 1+ X FLAM[3]  ——2_X_FLAM[m3] 347 FAMImI]  ——4_Z_FLAM[m3]

FLAM. VOLUME(M3)

TIME(S)

Fig. 9. Volumes of released H, in +X and
+Z directions.
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Fig. 10. Release area of H; in +X direction.

5.2, & AEyo|M
Farts S Algdeld AdE T dof
Za 9] M olgste] F AlEHolAS
Alstglom, RHDS 572] S-12 Apate] oigt
uF AlEHo] e S8l FLACSOIA 87=E I
UEZ Table 4o AA=] k. ZEHe] A4
& 9 % oF 100s o]F] A WP
o8 3ol A&kEE 7 A 300500149
Ae Hgotgleh. L AgdeldS AT 2
o, FEYPel e Hd T 42E Table 5
Stlch +Z W e FEoA P & &
Ao, ol +Z T FEA
. BAES 24 &7t ohe HEET 2
7] gjEo= B (Fig. 11).

JH o

4

o
olt
&
9

=

Table 4. FLACS condition for explosion
simulation.

Explosion Description

Direction| Fuel Region Position Volume (m) - 300s
X Y Z +X -X +7 =
WX 42 66 3
7m+*10m=*4.9m
x| -10 [ es o5
25.625m*2m=*4m 1.74 8.67 1.06 1.17
4 3 4 4
23 ‘ 64 5 *10 *10 *10 *10
+Z
6.05m+6.05m+*14.343m
o, 17 [ e | 3
5m*5m#*25.8m
Boundary Condition ‘ EULER
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Table 5. Maximum pressure in leak direction o] Fejet UAE, 7|, v 9 5

Leak Direction| +X X +Z -7 o] B4 WeE dl#ste] FEASH CFD Ale

Time (s) 0.171 0.157 0.202 0.393 E;HO‘I/‘L_% ¢€§6}ﬁgcq E}%ﬂ]— 7E]-% 75%% (‘):-]?V‘—]
Prax (barg) 0.078 0.047 0.125 0.074 E}

) 2 AFoA &83F 3D Scanning 7]&S

S 2 Ggehd whE AR o] didsde] Ageet

| B BFe FI5cte] AAl 34 7P fASHA Al

M aolﬂﬂ
1l sssgaa}!aimm

2z et
e
%8

i)

of mfu fr o
a

: 539 2718 A5 FEA 71H& B85t
e @azel 23 278 =5t
3) FE&F AHAS 95 Flownex CodeE o8&

skl fAlfE AlEdlelde 48 shglen ol
A A A A A e G (Back Flow)
I} ot xto] oJF AEEE FH Bﬂ]:l Hx z
A9 AsS dEste], 24 o “ﬂ‘* iy
AUt A1 e EESHlrh

4) Bt 9 29 AJEHo]AE FLACS  code
£ olgalo] Sqs AY, Hohz 5o Tupas
£ Esiglenz, JjE A5 29 (TINT-
Equivalent, TNO-Multi  Energy, Baker—
Strehlow ModeDoll H[s A=|gh ghet datg &
= 4 ATk SFRARAL AQIEAL] QlolA o]
2t Alggeolde WS &8 A Aok e

2 gl 2Ao] JHeotn] 91EA A 283
B¢ aHor st g & 4 SlE A
o= ek

of T HAEE F1EATAANY2E)
ol Sloto] ATHAE.
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