B
o Brane 3 oY i giedl 53 A0 galo dnlicd

FA-Y0azao Vo lods Y 0,90 NF Y Jlo ] Consj Lao 9 Caadls o gioul ;o Jidgh (cole dclilad

e dapmme 5 Cudls (Sl )0 Glagy sele dnlilad

Sy b LG Elad gilwio g st 155 (59 s (Tusocu ) OF i oy
3 gl Sl Lawgi T bl g ILaS dilolw Sy 31 Wiser g ALOHA

¥ LU Lo ple duow S )L laos oy 5 LS ) o

Ol ¢ Olyt5 (@) L plol oK 15 25T
Ol ¢ Ol (@) L plol olK2ils ¢ )| sl 5T

Ol e olpge olT slslee il pole axly ¢ o)l t_,,_wl.:.;i))lf‘~

Ao wlasic

RV

allie sy
(sole 4llie g4
VE-Y/VYY sl s
VEYFY S5k
VEYFY
VEY/F/F :La]

Jﬁm o.)..;.m.ljj*

srk.aria22@gmail.com

:me')'" oS

sl oo
Solgm S e

ALOHA
N20s

Oy sbojlgale QU (ggmar S5, g 5905 oLl dnwgl D500 azgi b
Sl ygpo 51 N2O4 0T 15 59 s Jie (5,08 0 slaasl iy 5l ooliiwl § Sal
hezecons byl shls Wb I slaossn 9 lagyb alS ond (lag 3513
Shoslasl 5l e g B Ll gile e b el oals s imgh cpl 4o sl
N2Os jlezsl olyee 5 jlacsl gleds yialS gl ol 51 (SO leisas 5 pl Sl
b o3 5k b ye el glad il )3 hagh Sus 4 4z L IW 098 (o)
o,90 Wiser g ALOHA slojlidle s b N2Os  5VY 55 S5 5l vent
S 9525l (3lose e 285 18 (sile e 950 o sl glad g a8 518
azd ol ALOHA j138le 5 50 saoxe (g5lwdnd g o aBb s jo 5 0l S
Sials s VP b et 5l ol JLenil gl 5l Sl 5l ool b oS ws Jol>
gl ALAls 45593 Wb (5ol VBEL b plusl Sy Joeo 5 L Brog 2L
53l Suto 3B 5 lalS 5l (B ges 5 0dy 2 0 (slags o esle (l 392y 4l
Loy o] Qio 5 e jo o] Giz g osle ul b jecdes 4 4z L
i onl algiye ab a3y oLl 59y 2 o ST geyp @ Bro SLST SIgs
VO 4 olge jlacl gles 5 pl, Sl 5l colainl Doy S 0gd 0 ol
e Ysb Sl s Sl b sl S (lgp yio Fo 5l oy g bl jtals

lls daly> 549



https://maj.ihu.ac.ir/

Y#

oS5 50 50 lrasme Sy Sl JT a0

N2Os p o5 (slao jlasliwl

Sloailying (S racy 5l (Ko ST 15 0355 b N2Os
gl K, A7 JsSse (g el (ol2S slacdld o mle
Wi o Ko 4 del>adls o Sjsloged UKy 5
YANO psrahaii g wgmabo 455~V VYA slazl abais (ol o
» oS VS Forails Ghls eole cpl il Lugnds 4z
a5 doal goliwl oole (pl pgaz o ol CaSe e gl
03,8 ol 1y el Slakine (g5l Loy g o)l g2
S5 Slasie Mil-PRF- YPOYA E o labiw! pumen  cconl
Sty sl eagai Gl 1) esle Gl (el s (Susd

ool b33 758 4 00le (Il MSDS o ouis )by Slasie

VoYY e mgime &l Lol Gk 5l esle ol eaiiS g0
oole (pl S35 5k 5l oole () 0aiiS 390 g Gl Cuelis
Ceol ¥oppm  Lis el jlore ao el cels ¥ o AA ppm
LY ppm aids V0" lass ol Jid el e o> g
Yoo ppm 5l YL eled 0o Glgicaads a5 05d Cdo.Cal
20,5 o8 4 o 9o g Wljgwon |) Congydl

SIS Sl i Sl Sl g Sy Sl
S (P g A (g el S sla b il

Lo ;5 L KSC-SPEC-P- « + VA o lusliul by 5illas badigas
Jel Yoo (6 m B9 b 50 5 358 i 9 (5,05 a2 )3 jio
iy oo

A DTl s T Bl b pstas ik Sy90 0

1O s Slu,S o L) oy e 9 000 gl 1) 09> 0y
Fooome a4 Wb pgaas oby il Shge j0 5w b

odddeds (soCiond 0gd giiud el Bed pj adSe

Dgd N olle,o 4 jlews g 00,5 Sz
Aol 2o o 1STs ol mhaw o cews cble> (gl
FA- min 5l 2eS oled Gley sl Y MM culss 4 PVC

S iSiws o maw ;o caws cblas glpogd eolatul
ool olisS uled gloy glppe Y MM Cols 4y >y

D¢
Gl wled 10 55 pet wiz Gl iSiws )l eolaswl
el oDy DeoligS

EN ¥YY olldl b gillae b iSiws (28 U5 o laikes]

| LJ.'é CquJR,S 05;‘5&)‘“\“&0&&0&

1. AOE steel

doddo

@l (plad slacudld dsng @ 4z bl j9l5 )0 09l
asliz sl plad deng Oyl 1 (SO sl i, sleailole
6)51‘)50)‘? YA e Caan (5l sode gl alds oo o
e @5 ¥ Ll) ol o g a8 S8 Qall cogll o plad
Caz Gy 5 48,55 Cuglsl o Saal sy o lsale
Sl Slall anld cpl azg B aSS L[V ]l i )58
i gl b iy o Como g oygey] 4 5l 6,500
Ol 5o a8 sl Lol 5l oiw ol asls,y alblbe ols oS
sadly asp g e ool SO lgreas N20a sl i [Y]
Cuis aS ols o lil i e Vo dsio 0 piores el
oolo ol o Dlel o [Y] Sp-086-s lailiv! jo riimen 08,5
395 5 oo e oo ) Ol alad ailiiy S Glsiea

w‘ aé; r’)‘l&‘ Q‘}A )‘ Lg)l.um.) L\ JJ.'LW.A
5 i o Lo NASA[Y]sliwl jo a5 Soly> 4 25 L
&S ol U ooyl aslsl g e mle slaailoy LIS wols>
Yeof Jlo yo Joy JpsS albels 5L > 50 N2Os s
S5 Solgm a8 el ol ko a5 08,5 LS o] 4 i
SLS 5o Grizmed tCud ool loy 4 sgase Al iy L
2590 Gl 5l b Slbs el ) Cole el dl [¥]
o & o by Olhlas 4y 4z g LI sl 00,5 Lo
oobe (pl e sbjlase paazx o aY ol
L Cajlass jloole pl B> [ Sal) colesyo g oadazls

33,5 o0 Ol Sl g,
e 6 15 (Sleo
Coms Jlumo Lt Ololl g SewoWl (piled

AYF 5 TO olge o Ol 5i500> arwg pian dsliy o
ool 2byl g EIA sl Sll 0Ll geoge
5 bz,b als o lfdosls o .ol oabdiZls oy jas
bl 25 g oy Glasws g wax S5 sleelsy
Cole, o5 aslpy AY oole jo g 0,5 18 ) L
9 Ga.m C;L(bob»‘/._é AJ}: I 6‘"’"”’“""““4) Lgl.(bb)l..\iti.u‘

[o]. el a8 315 05T 590 o2aVL

Y oo [V 0590 NP Jlu | o ) Lo 9 Codlw (( Seos | 30 (sl g



OLhSes g (0,5

Yy

ALOHA ,l331 5

adllae (olg> Sl (g Sy sbiwly )0 50 Glagss, 5l (S

slaJas o9yl .ol I3l 5 jleolinul b ol (3lu e 9 asly

W1 0929 (Sl jolaieds alise

lal3l0 5 ol alazjl ALOHAT 4 PHAST' (slalsila

[asst e

el Congjlame blis ezl biwss ALOHA l53la s
(oo Slge Giala, 5l AL Goles g5l Jaw sl EPA

el oadiadge Loyl dely 5o il 5 5T b g oyxiie

B slaasly 5 lodse (Ul )05 5 caad (glazens

Ol ile e ol was glaases Ll ol coens

Syl 5 1y el b 23T 5l st

5o oolatul Cyz a cunl cad b slagSay li8le 5 oyl
Slwbre g5 b ol ysesls a5 oS e b 1) Fgesls
.[\~]o)|.\3 5L YL

5 aeST 15 s o5 VY e o e (g
L olilomad 8 aalgs 13 w00 50 il VT lad 4, vent
I3 ermse Sol oole b 5 Sl 5l solial aps s
JBles 5 same byl Sl o aledys g 85 wales
Sl 6885 LDl Gl Jlazl glad (oL, ALOHA

28,5 waly> 53 (5 IS axs 350

Hleslacwl b N2Og sole Jamocnn j Ol yil
wiser 43810 »
[VV]ogi 00 NO2 a5 505 Led &5l 45 00le (0

AeST 65 098 o ails py NO2 Ol 31 sy 4y i ol jo
Rlog 5159557 50 oS cnl @l 2ol )yl Jpame G (595
S g milin Gl 5l slalls sls8 Lasl g ,9590 adis
o Gl mlio g (o S L ca (S ey assle ool
S 43 Geizen g @l sl (nl aesoe £
aSlgo 5l oolatul 5 oy Ded e adg S LS S
Ol 5 S sl Wi o alanly S plgiear (5
a ol lasl 4 e Cal See g oS anS] el S
138 5 51 g ally Gilie slagl iz ok 3] Comylarne

2.Process Hazard analysis software
3.Area location hazard atmosphere

Y oylos /Y 0,90 NF+Y Jlu | Conn ) dummo 9 Codlw ¢S] 50 gy

Sg oo Wd (S gw g0 1 Rye

2,00 ol Coagens Bliiiiwl Oyeo j0 i Ryg
V- N} )‘)B JLD.!&‘ B ] )| 399 9 OMVLﬁ 6[} L ZS\/V
QS (6 10aSs cwlie 505 b oo 4o Sq

S a5 dwmgds sl O L piz b eled Ojgo 40 Sy

RVELEPPEJ0Y

WS o odijle sladiogs 4y g 0uS daxl e

clio Sbe g wld 5 e 5l oolatul sl SXFFIYYIVA
S solawl

NASA-STD- clolll b illas oo, loaSs o o¥lasl ol
sl NPT g5 51wl eWlasl oloseoslos lseil ¥ove
oVlail lagl eled o 5 il ools i 5l LSS
2,5 1,8 0auiS dgde

osle G 4y olail (5, 05 b Sl e sl b eizes
oS canlVemlh aSils g SYlasl jo e stis mSlas ol
Sl se sl lacely 0sd Ggesl Ol 5 pgele (39, L il
[V] s coae Jlas!

o ,s ol v

9 ok anals 1) 65808 dlge Jlade (e Wb Lot
V aSTas by 09 oolaswl Lmdi 505k ey 38 ganl 5l ogl
[Pl w92 6 25 54 b 55 b JLo

G (w09

ekl oz g glad quyp bl o Gdes b, cnl o
A WISEr ;o uew aizlo,y ALOHA l38le s L N20s ools
L;)S)Lfau L: wl.e,;)d 9 OMAA}‘Q)J ‘SIAWM) u.)‘f‘ R
Jlasl gl g s loyy aorecans y Ol i1 ralS ol ol Sl
S9dge )l Towne

:Wiser 1381

ot oole OYDF Jolis l58le 5 Sowiser Sledbl oL

Pl el ]y 05290 Slge JolS sl S5g 005 5 (S35l om
JA] amo o Lioles 1y (Ko 5ud o ooy

1.national pipe threat



YA

ST 5 59 508 ausme Gy Sl BT (o)

Jols sicr sl Sl 43 b3 o bolo

oolaiwl pj Slawle g polie 5l plSol Glawlee Cu>

Oslols medles gy 110550 Sazme 1y I il ye g 00,5 oo
5555 bl 0551 Caws @ Gl Sl Sl 0 epe 4SS
Jsest 5l el U oo

o= CrePp*vg*dp
18xux*xdg

Jsed 5l 5 plSlo e copd (pizen
L
R=1—exp[—k* (E) * ]

2olie g IS Y Joua

L
<—) Tl o o Cr

B Brae mle o z

Jsloe D)3 ,lad dg il Pp

el R v Uy

Jhe 4558 u 058 ylad d2

Sl Y B ) g Sl gy k

|y o st pd Alh oo 5 o2 @ 4255 L Ygane L
Dgd oo ad)S a5 07V e e sl S

. P .. ! L
2048 WpS oo 8 0 Ve LY o ) (E) Ol >k 5o
Gl (Brae O (08 Glie 15 LA 0 Simb Ojge
[VY].cél salgs
D] oS oo siloans

o5 il 4z )0 YO [0 0guz yio Lo A0 Bu jlad wad ol
57 5555 S plgrea S 39y aenSTsd o5 was oo (LA
bog g2 )0 5 5B e aaSles o)ls d92 Lo
L;’L*MSJ Lugs cadody JouSg 0 slo JSG0l, L &‘-‘5‘9
Bgd oo oy Sl YO oulod) (peedt (55> yecdens b
a5 1) SOyt sl 09 o Ol o ST (59 50 annSTso
Sy M el (gl S ol sl S oS s
S e 50 s Slgid Codi g dpuSligd caS 5
00y o Blh a4 e caleiys 5 08 3
cnl g0 Ul w0 S5T S 50 ST 05h Soml hwgs s
R9d 425 SI ogbje goh 0 SoLS Sl 4 oSy
ol Sas SB zshw 1 G3s s 9enSTss 99,0 L
S 0 WALl el wdlol Ol a4y ST ogd las o] by jLus
2 OR,5 H18 0eh e S s sl 4 598 STse
el (S (39755 3enSTis3 P yne

Sal b o8 ol cti - hecay) ol
oly S o b (CaC0s) ouiss > SalZiw (Cal) Siylas

ALOHA 13810 5 by ,Liiil gle g jbwJono

g JlB8le 5 53 (295 9 O3 S 9 039 Oliee ISL L

JSE b illae 4l e B 0l e (5681 o logad 5 Ll

laio> plp)e SV e eslS Felai b PPM

claions | jeaS a5 0 PPM oz 5 ol g ol il
1

59 yreskS Ve jlaasl gl U il Claios Z;';wl e

Sl GBIl o 1agl ST VD o i dels g ol yuo

§ /'_____
wind
o

3 [~

\.\‘
5 o
2 o 2 4 6 8 10
kilometers
[] greater than 20 ppm (AEGL-3 [60 min])
greater than 12 ppm (AEGL-2 [60 min])
[_1 greater than 0.5 ppm (AEGL-1 [60 min])
—— wind direction confidence lines
Note: Threat zone picture is truncated at the 10 km limit.

] B Qs - X N K

ol gz o Hlasl glads jlogas Y JSCU

Y oylans 1Y 095 VF¥ Jlo | Counn 5 buwmn § aadlous it 0 iy



OLhSes g (0,5

¥4

Sdel polie Grizmes g el okl oS S9d e
Sb lor Olime iz &Y IS 50 eadply il
Sb slep 650100 alold 51y a0 e lid ol gLl
Cool id Dlaias — il oS bl anlys gy Sl
Ol Cemplaze 3 osle Gl esdes aSl @ 4z g b (g

kil bog sge (Shppia hade ol 5l Gy el
Gl e 1y jLasil Gliee lgise 3 TV e e i b pl Sl
il yao 4 g0l

& o

Soglee — Sllfl g lailly g Djgpe - LA (o gl )
VONY Lo 0 )lads udome sl yimrg5y
2. Summary of NASA and USAF Hypergolic Propellant
Related Spills and Fires- System Engineer NASA
Kennedy Space Center, Engineering Directorate,
Fluids Division, Hypergolic and Hydraulic Systems
Branch,2009
3. AIAA-SP-086-2001- Fire, Explosion, Compatibility,
and Safety Hazards of Nitrogen Tetroxide,2004
4. STUDY AND IMPLEMENTATION OF AMIDDLE-
SIZED ROCKET MOTOR BENCH TEST SYSTEM,;
MASTER’S DEGREE IN AEROSPACE
ENGINEERING UNIVERSITAT POLITECNICA DE
CATALUNY A September 30th, 2019
odoe o ip g Caglae codll (5 900 drwgi pian dely L0
KSC-STD-E-00 12F,2013
AT 16,948 o Jlase (oS Lo, s e L 5kl LY
b s Ve v ol o8 lid mle Kl e el bl
ool S peamadds 0 oSS ley g N2Os iy
By > 5o Oiglew (ila) Glosaly lodsa g, o5 A
oMl « Wiser Phast , ALOHA sla 3810 3 L piigy oosl
VWA Gl 8
ool b polewd dlge slosl> Jasg fas wols> jo Jolaie
165,30 aslllas) CEl asls s PHASTALOHA (slal5éla 5
IRl B cdl 585 (G938 - 0l 5 OS]
Jew e s g o deden! Cou pyn onidl Lo x> 10
sl jo IS 58 JLaml so,bbre oldlir owyyp (VTAY)
adllas) ALOHA ji53lay 5l eslinad b Wl eS,8 gj 08
GY ol 6590
11. Rocket propellant hand Book.
g e b SLlobl IS e el S 0Y
VAT (Rl slad o cudlage 6l o Gialow (oo oz e sn9e

Y oylos /Y 0,90 NF+Y Jlu | Conn ) dummo 9 Codlw ¢S] 50 gy

M ALOHA 54T
File Edit SteData Setllp Display Sharing Help

221 7| 4. Texie Theeat Zone o5 .

S kilometers
0.75

0.25

: I \ wind
vl 0 < —_—
. I B—— J
sl 0.25
0.75
0 05 1 1.5 2
a kilometers
Ta [7] greater than 20 ppm (AEGL-3 [60 min])
T greater than 12 ppm (AEGL-2 [60 min])

[ greater than 0.1 ppm
wind direction confidence lines

s 3 55,3,5 I0gad ol Sl 51 ey il Jloges LY USSR

Gl S slar o sl

meters
300
100 - - {

\ wind

° |
100
300

200 0 200 400 600 800

meters

[] greater than 20 ppm (AEGL-3 [60 min])

greater than 12 ppm (AEGL-2 [60 min])
[] greater than 0.5 ppm (AEGL-1 [60 min])
—— wind direction confidence lines

PPM* .0 e py Liasl glads gjlwans F S

oolainl b aS o g0 lis ¥ jlogel g badl 4 a>g L
s53 Sy (sls (5 yasleS VD 51 oy Alold s S
3l Ol aS REX o GL;’;J\‘ S el g cunls dalgs

cCdl walgs yrals el gleds ol V0
Lo ;0 N2Os Cdz g obigS jesded 4 a5 b pioren

2,8 S ,e polie cnl 5l ol

oS o el glads 5l alols mls 5 Slasls 4 4zgi b

b Sl 5l ooliul a5 555 po Jol> azeii opl b
= Oliee b N2Oa Lasil gl falS crgo 18 londl,



ST 5 59 508 ausme Gy Sl BT (o)

O ceas Xy, J.«.l.?u (RS (& x> 6A:;_?‘]i.a|$ls 0% s\ Y
50 Cblogs aellade ol 45,08 o e L_,’_faBJT ol
VWAFido o

Y oyloud 1Y 0590 NFo¥ Jlo | o § Lo 9 Ceodlw ( Suos| jo b o}



Scientific quarterly Journal of Research in safety, health and environment/ 2024/ VVol.2/ No.1/ 35-41

-

= -

[N
e T

r
) i it gt gl il i

ox T s Scientific quarterly Journal of Research in safety, health and environment
Dyl o =

Investigating the environmental effects of nitrogen tetraoxide and modeling
the emission radius with ALOHA and Wiser software from a space system
and its reduction by scrubber ter

Seyed Reza Karimi **, Hamid Itharaniya ?, Seyed Alireza Kahani 3

1Ph.D, Imam Hossein University, Tehran, Iran.
ZMaster's degree, Imam Hossein University, Tehran, Iran.
3 Master's degree, Department of Research Sciences, Azad University, Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article history:

Article Type: scientific

Received: 09 April 2024

Received in revised form: 23 June 2024
Accepted: 23 June 2024

Release: 24 June 2024
*Correspondence:

srk.aria22@gmail.com

Keywords:
Modeling
Scrubber
ALOHA
N204

Environmental

Considering the necessity of the country's space development and moving
towards the launch of satellites, the use of high-power propellants such as
nitrogen tetraoxide N20y4 is essential. Also, in the 7 the development plan, the
necessity of environmental assessment is taken into consideration and it is
stated that all big plans and projects must have an environmental assessment.
In this research, it has been tried to investigate by modeling the emission
before and after using the scrubber as one of the solutions to reduce the
radius of emission and the amount of N2O4 emission. Therefore, according to
the purpose of the research, firstly, the diffusion radius related to the opening
of the vent valve from a 12-ton N2O4 tank was investigated with ALOHA
and Wiser software, and its diffusion radius was modeled. Then, the
modeling was done with a scrubber on the road and the simulation was done
again in ALOHA software. The result was that with the use of the scrubber,
the emission radius of the leak was reduced up to 16 times, and it should only
be far away from the human habitat up to a radius of 1.5 km. . Of course, the
presence of this substance in low doses has a positive effect on the growth
and development of some plants, and due to the low half-life of this
substance and its absorption in the environment and its removal by solar
photolysis, its effect on humans was only investigated. The result is that if a
scrubber is used, the material emission radius is reduced to 1/16, and after
600 meters, there will be clean air in accordance with long-term human
biorequirements.




