o o )L Soelins il jaiS™ e 6
1400 44126 525 1) (s iy i Kl

fdc19-00530011

YU olelar;l jo wlbiblar (olb SO yumo (w2 9 Judexd

O ,lga e doso (b oz Aluao

mostafal5628@gmail.CoM g ¢ cwsd 3 olStils )| ol 5 sommils !
javareshkian@um.ac.ir e « cwgs b oKl ¢ sbewl

Jas s ol dlez 5Tl ell . o)l o ol anie b
o L T Dldos 0iilys oo 5 00gs adro 4y Ly (gola Bl i
S5 5n e L5 5 (sl ol 53,8 5 (sl a2 ol S5 550
5 0% 5 S 3529 L Lel 0,5 oolatial (159,008 5 poels ool 93
Onedyor €535l 0529 ar b (gl 3l (6l e300 992 5 )
039y pdy Jis | iaS pouda 155 0980 oo colain pouda ools 5l Slo
ahoz 5l la (gl i b oo S Ol ils ) s T onisl Sl
Ailys oo 9009 48,0 4 Loy (golazdl Jla slaS aiis ola )l
a2 4y o yolly 5l oslasul asms ploil 1) 5L 0 )50 wlisilgn Slles
695 28 i Jlo 300 Loy 5l asly 090 ood game o5 slo
b 1743 s 0.5 (slom oll gl s e o ol
5 s pz caSe yio 700 4 o i sl abls g0 ool
oot s [1la iy e 51 6550 2000 glis )| 4 o wilys
Fe 052 5L o (dnly (i o5 4ilSige ool b oo aisl
2151 22131 b el 331 iy oy 5| 0 4L Ll Ly oS
oS 5 g il el cgled 4o g andly alsdl sl LSs JL_zd
[1las o9l

o098 s oS3 Jlanol abaii 5 (glly s 0051 sy
e S Ol Al azgi b s cl Jl0 93 (sl ohag Coenl
5 5o Gblis ;o ol el ogd b jlmdil a5l o0 S5
b sl a Sl 5 Jbo slo o T @y i s | (\Sos Craz
O Sl IR 093 b (o Lt T sl (gl 35T Gtz oo 090
@b aije Ygome &5 WS (oo Joo I Con b9 2Ll 5 (S
Sl ogS b Lyo aule bla jo awl 0,8 &jso j0 g aiils
Sleimlabii 5 9ll s azsliz 015 0929 bolo 5 (nl (58
OS5 bl olazl s bleg cpl (bl QW adl jaseie 59,2
s Ohm 45 Sl Y Al 0 090 e Sl (S9Sme 3L )
9 plosl 351 gl 99,8 (e

o (380 (65w Joe gl e0b; slo B 5l sle ans o
sy olizal i 53 L3 s a8 M 3 b el o ol oyl
Jlo 510155 oo by Wil s (i G 5 o 035l (595 2,5 €9
ol 5o adgl Slidms 6,5 a5 10 By ane oK—iils ;0 1950
895 lile;] bl b Gillas § o 5 ogllae 4zt 4 oSl

oS

oS Gz ) eelilen el S S8 e G5 Gl 5o
b9y 3l esliel b g (gile Jao (o by, Lagi 92 )0 ok
e 9 00335 o @S> (ol e SYslae Jlozr 4o BsS S,
ot l sl oo I ol o, lnl (@bl i Cuxdgn 0 L 25 5>
sl sll g5 5l g Gl 0als a0 10 e 4 poude 55 lawgs
J= 058 18 o5 50 (g0ae oS S Lawsgs (gl 5 oSl (Sslins
32 £l a4y o 3 et O3l e plonil Lo el sl 0
oy 9> a5 il 5l sy e B gled 4 ooy s 5l (5 yeskS
Rl 50 Cnlple 39 00l a3 S Slai 5o ek Gl o (gl (8
bl p &S Sl B ol 51 gl e 5 05 5 (o0 ol £l
[1] Wlie 5l o Litel 5l el ool Sty bl i Slaise
o oolarwl Cwl oo; s lie u.&bli...uu)] C"L”' L ‘) Sg> C"L”' as
03,5 £955 1) 395 CS > ledal el (55 olS5 5 5l gl
el (o 0958 (9,8 ks el polil Bkl gla Ll 5o

Souls sl ojlg

olilyn (53 5 plad gl s

doudio —1

57 0 o i 192 0ol So e SS9 (o ) 4 Bdod (o
Ol €55 315" el S iz 5l gl Gl e (e a3 oy
5 Sealus SYslee Jo b ool e a3l (o0 o5 2 LSl
(35 5 oo 9l &5 Slep)aaie b laws 51 o)1 2 (oSl (Sealiyage 3

el 8,518 25l 950
olgod g )b Jsbo )3 g 039 pkiy e 0550 o o8 clows | )3 5lg 2
oo g Ol @ 3900 sl (ol olCws 5 hlug cSlo )0 (oo
lalowslg 51 Vooma J& g Joo Bun gl 0590l .ol 00,5 o o
358 oo ool lalogylisd 51 5V Slelis | gl 5 o) yhumad! o
Ll 5oyl Condg (et 9 slilyn aloz ) oo 57 50 Ll
g @l slo lej g calizes blas jo SleMbl i wils a4y LG 4
o g alaglsn o olalil 5l ealite b b o cilises Slelis |

natural rubber !


mailto:javareshkian@um.ac.ir

5 Senligs o Shee g5 15 o [4] )] Sen § 0 2014 Sl o
e slalil o 50 gl 30 glas )| b ) sale b o oS
)50 A talejl ©jgo iz o8 5 (5338 D50 4 Cdgld
o a8 o 510 ol deT laalie ol s aiols 15 )y
Vi (5152 055 yomo 50 yio 1 090 j3 o8 lade ol Jsb g oo 2
Bas glas |4y azgi b Blzil plaS 0g i oo Bl sl o 8,
P g )0 9 ail oo (o5 3 iz BB GraskS 3OVL Loy
calize wleli)l jo 1, Wb e Gl (0 Sl cnl G0 2 G 3l sl
iz wlelas )l jo 55 b glos g Byl s IS io U olo s
Lol i polS 280 B 36lS 230 51 a8 05i o Ol i Lo
055 5 0 [5] o Sigz ls 5 I g S5 2017 Jo o
21 oo F b &S o e oS Gl Sla (nel
53 018 5158 () 23590 911 Zige (g, by (g0 0S4 Geb
S Jaia) g0 Shos cianel a1 Loz 4 b teasl Wlio oyl
o 3 e (Il len Sl B eaB B padde
el 5 (O &S > Jedg p) e (el ()3 o —2) e
o] ey gl ek yp il 08,5 s (I pr)s s
CS > o oS 53|y b (i 0dd By pade S lade
21y A e Al e Sl e 85 (5 il
IS JBoad 8,5 poada 55 jlade an als (b &S > s
A byl Sy JB s ok o8 > 5l (86 ISl g oo

5 wlo 5 0,Skee 093 15 10 [6] gl g5 50,5 2018 JL_w jo
2000 Slelis) 55 paele Jol b e Sl o 5 o
Py & el glanyl S o g psbh Il o1, (YL g peghsS
O Ll gl wisls J18 (s 9,50 uSsld 381 655y 5 (goae
Sl pd 5 G o po 3 aygly bl a5l aS ol
ar e oAl e w555 asly 4 barye SIS etee e
oy ooy ol p 0ls sl saye g oo LolS aB b it
ool | slo Joo o)ls ey Jliitl oo 1y Sl 1S (i o0
O o @l s 59,5 5 e LS sl LI cal jo ond
o b sl 4z ;0 25 5l a8 ads jo3 4yl azsliz a5 ol i
) SRl b ad b az ;0 25 5 s azilin 5 el )| rals
D aslss ol pem K00 sl 90 o5 Cull g o

O 4 s (oy 2 095 I 50 (7] L—)l5 2018 Jlw 5o
3 s s G 55,5 i 3 5 (55 S L g Lt yn
—Clz ks See ol—id Jow amw (g5 .o ol ()
5 0 a8 ol i gl b S L o 1) Lad GBS ey g cax
elis| o Gesl slogl el gl )l o Sl Jlad sl (28 8
@ ool elisey Soe BP9, 00 S Dope nlwadl oo il 2l
25 &gk 40 glasl a4 caz (bg) 0 5yl 45 glas)|
3 asksS 34 4 oyl glisl )Lad DS (28,55 )i 0 &j50
&S 5l G 5 glad g azr g b eldd )| pl o) (o0 (e o

1400 ola)}6 G4

i O Sl b S seels Joe sl Gube S 1966 gl
oSl s b Sledlol graS Lo 45 45 5,5 @) yally s
o5 x4 1974 Jlw 5l 05 Iy (ol alasdlo LB Cidles
g 9 1o gl e (o G Ahe) )0 65 330 9§ (oole
b )l5" cnl 5l (o 2 50 &5 285 plonil 6 eSSl sl
] 00 03 gl

by meoo oole Baiow sl [2150,57 5 205 1974 g o
Sy Al g 00,5 ) ) Sy lesT s b e ol
4 0l oo LTI aims ax g g3l 5 eelS asli
355 Joe o il b 3 s o i e 5 g9, alaii (lgie
& 2T b 5o (G5l g e o @i ai S Jold olo S S
) bl &)l JEsl g edains Ll g jhunedl & 958
s i g 5 ol (6,500 Sl iz oo Ll s 5 )L o
«SOLbol al s g ol #,5 cw be S slal adss ol
Losols 18 aslllas 3550 5 1) w55 09,8 5 g5l 5 515 @9 >
4 Cumd Sl S 1 51 ol il pole (ninind olos 4 azgs
el b o3 il bl bl a5 s o ot 25 gl
Sl olis aled S 5 ofas 4 b Ggll Sl (ARALS]

D3l S g w095 S 0 [3] Uy 21,2005 Jlow o
p> 9 Lo iz 02 5 gl o Sile it Ul a5 ZS sy
et Sl iz e I8 e 5l 0)lo am an D90 )
ol b (oo Lls 5 Ty e 5l 8 e ojlew 53 ol s s5Le
g alisee gl at i s Jold  dame Il caled 5 ol o
7 b Al JSA iz 0 g 2lmle &)l JUisl 5 b
Jo acnl s 5 I p0 15 69,5 g S5t (2995 5 JSB (S o0
g lie ool e ABialej] @i b ogs cillas 5 65,15 o9 JolS
Al a8 5l s gam ba)lS sln gz e Glee 4 Il
Seolns g oo S oy p w095 5,8 [Tl 2007 Jlo o
Ll S5l e sl ol 5l g colay calisee Slels )| o o gl
oy ol ann g ub b o gl o g5l A OT)lSAS
5 @lesS Uil gl i o gt a5 Jolis olo S il 09>
9 0oy 9 Lpl 5l (2U g B ST ol gy g Lol 5 e
oz o2 g bz 5 gl ()1 i g2 G 2Ll )l U
Ay ol gy 5 gl SIS 5B e bl &)l > Jlal
Se—o 4 ) 09l 21 psda 55 5 (ol gy slos g 285
OB el e s o ilre ;0 (59 s 0,5 A wle alSlos
3995 (Bl prnnn dslme ;0 5 4l e 0.5 050> 0 65zl
sdes Lo 590l sl alliule;]l bl b dw slie o a0 o 1
2 @belas g Ly oo 28,5 Jla ook ol ], BT
Ll 5 658 Oype adles Jo e 0l Sy adsl Lalyo
adls 2l o]

ACHAB(Analysis Code for High Altitude Balloons) 2



«Z <11000m),.° 11000 )‘ oS sl élmj 6‘)-.‘
Tar = 288.15 —axZ Q)

1526 (€))

Payir = Py * [1 - 44330

11000 <) w2 20000 5 11000, slo L) sl

«Z < 20000
T, = 216.65 @)
P, = 22605 P, [11000 _ Z] ®)

i = * * _—
alr 0 exp 6340

(11000 < Z <.,,>33000 520000 .. slo £lis | (51,
20000)
Tair = 216.65 + 0.0012(Z — 20000) ©)

b - [141.89+0.003Z]‘11-388 )
.= *
air 216.65

JTows! 58 a0 bogsye aS 15 alal) 5| loo JB> YL cll> a2 0
0. = Pair ®)
ar Rair * Tair
b G3lw Juo -1
calizeo Slelis )| )3 el j—ane 5 (335 il ab jolate &
97 dsb 5o ogll 2 o)ly Alide ) sla)l oS el (555 ,—2
&y ;0 a5 ol 215 pode 515 sled 125 098 Al 5 (2L))
Ol e s o 4 iz Clelas )l jo 1) ol e g gl
Sl 51 59l gy oS dlons 10 30 h (o0 duilne G510
3590 50 B Dledbol 0g o 4y il jo a5 sl loje5 1 (0L
A copl yo eolaiwl 550 00le) sl WS (5,9 Sl oy s
Olye 4 sl (b osle (6598 9 (iris Slmogmaz 5l Lo (55l
&0 5l Gdu ol SYoles de S oo ooliiul 288 Cliogas
ol oy a3 5 [3] 5 [1] slo
22l o8 SYolre 55 e g 5l oole sl cpl pogdle
il (g0 25 D)go @ a5 Cewload ad S ks
Slos )3 ol S 5o A D 53 el o3 plads — |
55 o 43,5 L5 5 csls 5550
9 Tground g Gloo b 6 S SO lgie 4 ooy —0
Lo (pl pogdle i Toals a8 5\l )0 Egroung HLa 5l oo 1>
EraR @l ahaldily Gy Sload it oleS (551
Aot ;5 upblineg 2SIl ot 23 e ST Sl )0 el (o0
35S O sl 5 ey 5eSile glod WS, iiie o g0 Jsbo
9 S ol 5l s S plsie 4 calply og selss 515 300

1400 ola)}6 G4

A5 50 bl )0 el od I i e 00l (e 0wl Lo g8
e e oy 2 350 (gl a8 ST a0y Jaw 18,5
Oz o sy S ok 34 elis )l 4y 4z 3o 84 (loj 38
a4l e 16 55 gl e ey

o 5 ol 51 51 Sl S¥slan g1l ek ] e
5 (e o 5108 alisd 51 (s308 3, gy S¥oles o
Gyl 5000 b oo plnl @bl s Cusdee o Il GaS 5 el
8 ool 80 ol s i 5 551 sl ool 51 L
o 3 oAt £ B 0ol S i 55 Ll Baa g il s S
5y a5 el 5 Lol Bl o e ke (g2 o]y gl
4 Sl 48,5 )15 (o) 2 990 (b S i 51 S sS gl
o Ome gl Gl el | g eaisle Bk 5l ol o glis )l
o o bl 5l ol o8 bt CosBse iz o 055
Lo o plaS o lo)l5 s &5 Jl> 50 bl (o0 Sledol b 5 ]
il oo IRl (Sl

Sl Yol g Gz by, -2

osll p oSl &y JEDl 5 Sealiss SVolee ) Gais cpl o
S58l e 50 O¥olas cplcaw Toals el yu o 49,9 e &y (6l
hzal il oass o 4 4o B3 il gy b goae pg0 a5 05558
S les el Caway 5l ey 5 X oo J> )l Jlasl SYolee
5 0t x> Jl ol lasl5 Sl dolae SeSTL glle 515 psda
DYl 18 95 sl 09h (o0 A e Ggll 2 3y Slog S
s el st ] 0 sl & s | i > L
wilizes Bigleg] a5l e T lez glilen lojlus g
Oee) a5l aliSee Slelis )l o Los g )L mje8 sl Ty (SYoles
0u ooliwl SYoles cpl 3l udzs ol jo a5 ] 03,91 Cwwiy
o0 03,51 15 )0 4 ALb L o e b3 gl E¥olee ! o]
]

Sy JT ol 55 0356 sy Gl JT oyl 515 5 St Iy il
el Golo

O3l Clid jlade dlde ol glas )l oogazms jo aSyl 4y axgi b -0
e b plp g ol e Jsbo 5o Gl ple )0 (6 o Sl s
Py oo 48)S S 15 (e 59, O]

Al o )55 Sl Sl a Jola s

gl (oo (Rl (s Sjeo a I slod Jhwgy i (i o -0
il (oo ) Dyge @ b cpl o

299y 50 28lS 2166 a9 (slos jawgys 3 (i bl o -3
ol S0l oG cpl el il oo

K
a=—65%10"3= @
m

Sz 5 los 5 L8 & Lo o ¥olea VL el 25 (55,5 155 5
[8]..&;&]@)0};‘)’ Sygeo o yhed] lase o

ISA3



o 3 ol sl co o HCipg 5l jsbine (14) dolas yo a5
ol 00l [1] g 1o 0 a5 0y

Aprojected jAeffective 9Asurf sl colis 4 by e SY¥olee
| ad.c] [9] 9 [3] LSLQ’ loxP el AtOp 9

2,5 osalin |y olb p o)ly ole)S la)l oy (o 1 JSCo 50

Film seif-glow

Film Emission

_Earth Emission

97 3% 0k 32 3l oS slayb 1 U
109l pled sloo dwlors 4 bogs o Jodl ya30 SYolas
el oals Jos 55 Sjge 4 b, gle ole 0,5 4 (ol

Q1 = Qsun + Qaivedo + Qrreartn 15)

Q; = QIRfilm + Qconvext — Qconvint 16)

ATfim Q1+ Q2 — Qrrour a7
dt Cfoilm

£7 Mpim 5 55l gy (2lo )5 Cad b ¢p 5 jolaie Y alslae jo a5
SBb oo ool digy
Ol 7 Anmslons 53 bl 5 o0 G pele 5 (sleo a5 L |
Y oyl el (8 YL Ce g T bgre Slawlrs aslsl o g
zl il pode slos 1 5l eolatl b e 5 old (slod a5 !
ol [B] g po bl 05
poadd (slod dwle a5 bgy o Jundl jass aloles

dTgas _ Qconvint _ v — Dpairg Roc as8)

dt YcoMpe YPueRne
(Sl ced b Cad ¥ pgela slos Tygs 3l Hokate (16) aloles 5o
&35 <ol Rpye psede JB pre pole J5SUse o> My,
23l oo Ol 50908 ey ROC 5 (o 23l QLS G ipsle
slo gy 5l S a5 A adse UsS @l by, & Vb alsles 90 0
il oy o abl oo pylez A0 CBo b goue
ol 2 o)l slag s -1

So Jold a5 098 (o0 3)ly ol 4 gy aw (IS ok &

@ (559l (S, ABl oo Adl> (5 5 Lay (5955 w55l

1400 ola)}6 G4

Toe Jsb ek odguze )3 (e JLatl Dj03 (ny plmlr (96

o9 M‘? ‘.\.».1;
@Leo 0dgdmo ;O YM u}‘b Ay UBJL Ly b S -
oz S lste 4 1 o cally a3l e sl 210-270
otreS oo 515 50 Ay e bliing 2SIl G ogiie y (4SS
5y i olesF 45 g eog Bl Mels gl J5s pgula 55 -
JExl s ol oz s F1 50 e o glos 5 08 (oo s
Bk (oo pj SVolas ol 2 Gl a3l (ol S (S slal

qun = aAprojectedqun[l + T(l + reff)] (9)

Aprojected <ot &g w3z oo @ 5l jshaie dlolas (pl )3 a5
[1] a0 30 o5 i maditons Lo, Gsun «ooll o 905 o lns
Foo SU3k iy Tepp ol aimgy JE o po T el onal

il oo ol wnyy

(IS o8z 9ol sle )8

Qatbedo = aAsuerAzbedoviveaCtOT[1 + ao
(1 + 7o)
9 Qatbedo 0P phw colus Asurf 5l skaie (9) dolas )0
65 95 o 5y 5 i et i & vieWactor
ol sael [1] &=
1SS (i sl oyl atl zge Jsb 5o S
Qrreartn arn
= a,R.Aswf.Q,Rearth.viewfactor[l

+ T(l + reff)]
QrRrearth 9 &35 @3> cuys AR 3 Hskate (10) dolas ;o

ool 00l [L gz o 45 45wl o (51 0,k 0t g0 Jobo sLo )5
(SIS (282 &g b oy

Qirfim = 0- & Qg-Asur Trum [ (1 + Tesf) ] 12)
Sl copo € oeyde plawl el 0 31 jelaie A1) dolso 59
A5l oo el okd sbos Trim 5 ool sy
(gl a5l assljLasl le )5

Qirout = 0. &. Asurf- Tfilm4[1 d3)

+ T,R(l + reff)]

2l oo &g JUE gy TUR I jskate (12) alolas o o8
(S 2 el o)l Jlasl

Qeonvext = HCoxt-Acsfective- (Tair — Tritm) 13)
bl ol JEsl o po HCoye 5 jskaie (13) dolee jo a8
5 03l se ol Aoprective «ol ol [1l g o 5 a5 e
Al oo 5o sles Toir
U5 5l alels o)l > !

Qconvint = HCint-Aeffective- (Tfilm d4
- THe



w5 A gl g (6,9 Dlasie 5 ol o2 Dlasie
Sl 00 00)512 9 1 Jﬁ» B

¢,5 1600 (Mp)oglk Lwsy >
#,5 1100 Mpay)odh dgeme o>
6,5 611 Mpelpgele o>
#,5 2760 Meor)osl IS ez

ol gns oS5 (555 e 55, 1 IS Sll] o Lol 5
o0 a8 Gl L osle (5595 Olasein 3l luyl jo pl by col oot
ol 00l oolaiul J..wl.: = (S u?Jl‘ m.\})‘L.,.: oole

[L] o9t amwgs )9 wladin 2 Jgux

0.024 (CYRERCROR

0.1 (8) jlasl oo
0.916 (1) JGsl oo

0.1 (QR) ails g5e Job iz oo
0.86 (TiR) ail gye Job JEl g o

25 Oope 4 TR sk gee Job Sbib oo o T OBk oo

r=1l—-a—-1 26)

nr=1—a;p— 15 27)
Zewl 0] 3 Joaz 50 55 el (Seelioge i Clasei
[131,b1 buzo 9 gl (Solidgo i wlasein 3 Jgaxr

2092 —— (Cr)osl amsy (olesS cud s
Kg.K
287L (Rair) I3 35 <o
Kg.K
2077L (Rue) psele 55 <ol
Kg.K
3115 T ] () e o 9 psele es sl
Kg.K
1.667 (V) poske 029 slo )5 s

Gl owadd Slasin 4 Jou

1200.875 S o gl s ol glass

s 4.5 oS el o ogll glas
askss' 34 ool Bun gl

S 50 2.806 S o glal ) gl e

bug a5 [9] a5l ool sl

ool a8,F L o ol Judg

alisee lels )| gl 9SSz jod 50 Silgn oSl

1400 ola)}6 G4

e lg Vb a5, a8 0 S Jlw SO 0 dS e o

Bl oo ) Do g ol Aol 5 0gd

Fg = (pair)Vg a9
ol 2> Vi 5 syl (5958 Fp 1 ylaie (19) dlolas 4o
asl oo

Slels¥se Conglio g ol ey g gl 5 50 Ly (g9
bl g0 p) Dy 4 5wl (o0 0525 4 Sasl 5 1e

Fp = 0.5pairCay AropVy” 20y
Ap by oy Cdy Lo 69,0 Fg 51 y5kaie 20) doles o
2o ce e Uy ol sl 5o gl 0ads pga ol
il o bl £l ) sl
o S5 o bl slle 4 (55usn; sue eyl 4y Az b
oles Y 50dsi, Slael gl mulin )0 5 4l o YU oy S
15 50 b el 0 48]l 0,5 (gl gy (8l (smlis 5 5B
e 0.45 sae a5 CiS olg e b azlpe bulpd oS
390 Sl dmd ol 0 45 9Bl (oo Ly i po Gl (ol
el e A ;0 cpl b il a8 3108 eolal

Cdx = Cdy = Cdz = 04‘5 (21)
Db o) Dygo A i ey Al (6950
E, =myg 2)

w5l oo ol oy My 51 jskaie YU aloles o a8
Ol oo ab 4 YL Lo 4 Slagys 4 axs b oyl 4o

by 5 S 4]y ol S o oSl Janl s ¥ole

MyoeX = Z E = 0-5paircdxAtopV;cz @23)
mtoty:ZFy=FB—FD—% (24)
MyotZ = Z E = 0-5PaierZAtoszz @5)

Fe 5X o5l JS 2 Mior 51 jskaie 23) 6 20) w¥olas y0 a8
Sty 3 by e p2 08l 32 0l 59508 e olid g Ve 5 Gy
Sors s old ey A By 9V (oldlae Job slinly o oyl
s Vs Cdz s by 92 (bl gl )l bl jo gl p o8yl
2 Stwly 53 gl Sy g Ly a2 0l 2 35 5958 ol
29 d A beS &l Gig, L (22) 3 21) 5 20) doles 4w y»
il ool J> aib h=1 Sl o8 28,5 L

adgl byl pd 9 ool Clasin -2
wilize sl ido pyz Jald ol Slasine Coand ol 5
3 o 418, B 5o b by g sogll atogs (5,55 Slakie
sl 0 0051 5lg o 5 S sl Ll



1400 JLs ols,5 22 aes ol Sln oo
4l ye yao Ol soges addsl Ce

by 20 -0.08 | sliwl; o ool adgl ey

i 2y

Wil p e 2,48 | sliwl, o ol adgl ey
LBl Job

04515 288 ¢>5)> LS“-U-.“ BL .L:...'z.n LSL"°
J&wb 101325 ¢;5)> LS‘“\;:" 3o Ja.ou )L..'Lé

22) 520y 3 (17) 5 (16) &Volas 4o adgl bty ot als 130

3590 Cewy | (] S8 o e 5 ol S0 (gl S 5 (o0

W}Lﬁhﬂ‘ -6

oo ooliiwl [1] g po dllia 51 pol> |57 ot Lizel jolaie @
5 Seelins OYoles 5l ol 5 wilen ayo ol o ]
Yol Jo g ol 0als oolainl Al o gl (Koo ge 3
el g el ool plodl goae gla g, b s e
oS Ll 5l a8 5 & g0 2Biole;l s b s o ol
ot JSE S35 Sy o ol ol US55l e e
IS opols cdllas o (orw Ll (gl 50 b el 00,5 oolaiul
gl Ll o8 55 3 IS (S5 Cand ol 13 1, ol
2 0l ol Slasie 5 035 ;o> 5 wiilen a0 s5ls
] o..\.o—‘ 5 J}.\?

(1] g2 y0 90k Wlaseine 6 Jgoz

S ;e 98862 ol IS o>
cSe yie oS5k 1433 Ol asy o>
pS5ks 457.5 dgozne p >
£ sks 150 S deS pyx
p55kS 365.6 ol S 5 ey
p55ks 2406 Fex

Liyhshen U5 olS253
4:54 el -2003 g5 7

ook oo sy e
oglb oad wily e

@S Sdy 4

5 &8yp Slasine
oAb (Selasge 5

[1] g 10 b pols gl elis) 5 (sogoe e pu dnlin 5 9 4 S

A o olid ]y
@il o @z b polo 5 Sy (sl Sl 2 e S BT o
oy ol oo buy oy Sglds Jgl 090 0l (0 )50 2 25 >
osliinl 35 s (0l Cands slp Al Jgap S5l g e

1400 ola)}6 G4

52 sla IS8 0 coip 4 oldlar o0 5 Jsb bl yo Lol
el 00 00)9T 3

40

30

20

Longitude wind velocity(m/s)

o
o

o
[
=
w
=1

Altitude(km)

by Jsb gluwl) 53 b Judg p 2 Ui

12

08

04

Lattitude wind velocity(m/s)

-04
Altitude(km)

@l (e gLl 550k Judgn 3 Ui
Sl @3 Wlas @S> 0l Jdgn 5 ol Slatiie oad I
5 O Jold Ll ol o9 (aduie (ol (s3lsp adsl Ll a5
adgl slos g Lawmee 4ol JB 5 ,Lad g Los cadgl e o ol 0 (o
Jso 5o adsl Ll ol 3l (oo o U515 sl 5175 pglly sy
gy adgl slos (Sols (gl aS ol S3 a4 03¥ il ons 00,51 4
ool o a3 )5 a5 50 LSy Jasome sl b poela 55 g yll

oL 3lapn adgl bulph 5 Jaue

OlrlHeiS 5 Hledal jos
51.66 : oldla> Jb

o Slen o

32.66 : ,Léle> oy




s ACNED e present

40000

30000

(m)

20000

X

10000

0 2000 4000 6000 8000

time(s)

[1] &lio g polo H15 o b £ )l dmslin 5 JSi

-7

3l (i slly JS a8 el 03Y Gl e (35T ey s
b g5 JS& @ g (mmb oS iz 5l 09l il aed ol 5o
0l oy i o el 00l 428 I L5 (o 120 0.875 adgl gless
WS (oo Bai ES > Sl B ) 59,5 JSO cnl ol a5 el
~Sgy Ghey Gkl ol 2 eSSl JUil g (Seelins @Y¥olas
Cales o 500l Jo 4l ] le o5 (28,5 Sl o b g4 4o UsS
sl onal ey ol elisyf g (58 sl ool 2 gl e
@Sz 2 5 Jsb b pledel b (555 oK) ool e
o £li5)) gl 1 oyl agl e s il o 32.66 5 51.66
llez oy slly 0 5 248 LU Jsb b, o
a5 Lo agl JLa5 glod ol o 428,513 1 4l 20 -0.08
039 JWuly 101325 5 (05l 288 o 4 (ool (b il ol
2l oo (ot 1400 JLo ol )3 22 4t 55 9l Slen 595
2 0l Sy @S SYsle Jo g adgl Lailyd ol Jlosl 5
w2 3 0Pl )5 ol glad o) s (LSl S an
oy A8E (59 9 5,390 S 93 4 el e Suled yo 5 b

Dl

1400 ola)}6 G4

sl pialesl Bk 5l b of layall 5l (S o8 sl 00,8
03l ez ye 3o Lo yially cnl 5 sl (oo oy (1 515 550 Ll
03 4] p9d Jad ;0 aS L3 axlisqyazgi b ol )15 o caslonis
ool ol W)L».».C‘ 6‘)4 0.45 <ol le.wJ o po Cewl 00l
gy 5 ol oo 5 2lsp 5 T Laulpd G pos pg0 3550 o
el a8 cnl 00,8 o jlil e 15 ail oo oS > glawl yo el
il e Hhais jse e wbidlss culu T &0 4 o ools
S99 uLi.on Lg|).s wl.w SleMb| L) ‘Sw)...w\) u&n‘ 9 Sl 00l
Sygo aly o ol Ko &=lre g b jloges (bl e s jo bl
Ngy &S W5 Ol (o0 )50 93 (nl 357y L medysl ey (o)
Lgllbr.ol)la wo@hﬁubb‘soéyé}fdamwﬁjuf)}
3 ey g el 039 jho JJo ez pe Bl (oo s BB
88 O ygo s Do cpl 40 el aS el (pl &S > ol 4 1300

] 00 U’“)‘)f O ygo u,)‘d;é’fc C.ll.usw‘ OQ)SLSAJ):,

o IESENT e aCED

velocity(m/s)
Fs

0 2000 4000 6000 8000

(1] &lio g polo 515 2 Il (G390 ooy cnn o 4 S



9565 (@l Sllazd los 50 (e hans 5l gl Gabadly plSin 4
5 0k JBIs paede S G JBe BT s SLSU (Al
Sl s ol ST i el &5 il (o 0925 41 9 S50
S ey Gl 05h oo il 5 3.8 40 5l T ey
O 3l e a5 50 9 998 (oo s by (59508 SLSL Al Sl
o 9998 (o0 Sy a5 jles Ly (6958 ST 50 Gglle cady)
ol Ly o5 o Rl Ty 5950 0 ligs (0055 e
Sy sl ol 4l ay B asS oo louy iol380,lgs e s g 03,8
J s plizmes jlad g cl cli b (92 Jhwgilyiul 4l 5o
15 Cos (sl g 00,8 ade Ty Ly (59,8 0)ligs Wil (oo 208
Loo 4>l 3l jaue 51 G Lol 0 oo oy ol o)gll e o aa 8o
355 (oo 1 Gral3hl @y oo a5 (gl e g Lo 0 )ligo (ialél 5 ol
WS (ol SRl s e SN B 5 055 (o0 I T (5508
ol e 5 70skS 32 eyl g 4l p e 6 Sled s pu 4 U
il (oo ovline BB 55 40 6 S5 )0 al)

o a5l (6l ot 428 S L5 4 Sl ians 45 Ll
ly 0sh (o0 £yt Jlod 0)Se )3 g (e haw Sl g WL (o
B (e 53 531018 (2ldl i (e 9 Job slabil) jo o5 >
ailbiz aldlee bye by )0 a5 Ojg0 ul a Cosl ouds Lo
Croms &y azilizr 9 Sudio S o S 5 2 Jlood ilaB Ceow 4 gl
Jsb bl o bl o diie ety 03 S5 lstul LS
WS S e el chal G gl azmily S LSl e
el e Sy WIS S 2 (355 Caow 4 a8liz g ke Sy
A5 50 Jedo bl ldli Jsb cgr o ol s a8 Ll )
oo el Al (o0 (BrD a2 Sox 40 9 e o)lgen ond a8 S
B Coomw a4y ©p8 5l g Cude Cz 50 o)lgen i (yell 45 05
2Bk oo Bl olgen 55 Sz (nl o gl S p g S 28 >
b alilir e bl 55wty o osalie LB 7 JS 0 a5
lanl a5 09l (o odaline 8)ls 929 Sy Slilwgs ST 45 ax g5
GBI G 5 0392 (he 5 i 4 Jlad Sz )0 gl Sy
b G 098 (o0 Sadie (255 Do (sl (gl S S £l
03)ly Slay upo 150 gl e gl 2l g ooy CBdS
P 5SS Al U g 058 (o0 (ke e3gazma 05 g b (0 RalS
Oxd ol Jds 4 a8 > el jo il oo (BL edgate e
29k oy plliw Jlod 4 0z g Sute Cu j0 0k Sy
oS 2l U gond (caalidlo)bgs (gl S p 9 03,5 4 L (595
Dy oo e 486 100 o 4y &S, glgl jo

Gl il o 2o 5 Jlie 4 Joazr Gk gl oS eled
Lol S sl 9 (o1 Ll pd Cod g (altalel &g 4y jlade
e iy Cariel (6 Lo o ) 0 ] o (5,5 o5l il
o 395 gl ST A w8 S 5 5o oS S elad sl ) e 4
sl 09 (6 S5l 151 50 sl ol 5108 5 alio Ll

1400 ola)}6 G4

Altitude velocity(m/s)

Lattitude velocity(m/s)

Longitude velocity(m/s)

0 2000 4000 6000

o

—

—
r~

08

28

time(s)

bl gl )l Glawly 50 (gl eee pw 6 Y&

0

=
R
.

o
N

oo
\

0 2000 4000 6000

time(s)

e Job sbuwly )5 ol cas o 7 S

2500 5000

Altitude(km)

@Sl (B ye gLl 5o gl cus pw 8 S

8000

7500



it

kI

=
ya

Altitude m)
7

26

s
28

‘ i
Lo LU ] Lot

\ % A'."‘“ L
Tl (st o s sl g1 (glls oo 12 JSCs
Job Slaide w2 0ol (I e 9l Sy (228L 5 g
oo Olg5 oo T S5 50 g1 (oo oy (bl i elis)| 5 200
sliwly o 05 salin 1) &S > bl b eS > lawt 5l ol
siie Sqz o 4l 1000 ol 4 ool il aldlir o
Caom 41 9 Sia g 50 45l 1200 0510l 40 s g 08,5 &5 >
o)ks gl S Sz i b Cales 0 S (o0 25 Jled
il B g 035 (o0 O5 55 g Cuon 4y g 00l (P58 US> S
Sode o @ 5 Bl Job Ca 50 il (oo aals] s 00
5 o)lged 55 (gl &Sy i) (nl )3 (gl S o lgen (1392
8 Mo 5l ool Sales 5o all (oo Sute 5 039 35 4 08 oz
5 3166 LLdliz oy g Jsb b plekel (255 oS5 Jore
@ aids 3 g celn 2l cdS 5l w9 00,5 oS > 32.66

1400 ols,5 6 s 4

4l 7400 Loy cundS 51 s oy9ll 05 o oamlie 9 S jo a5
Gred glad g eglS 32 Bun £las )l 4y 4o 3 g cel g0 Jolro
o A ol oS 5 s 5 gl 5 GLL ) el b g o) (o0

r"-l)—f
5,
4
5
E
3
°
e
2
1|
0L >
0 2000 4000 6000 8000
time(s)
Oloj 4 S gy gl Ol pnis 9 S
40000 |
30000
£
1)
D 20000
g
q
10000
0
0 2000 4000 6000 8000

time(s)

Oloj o> 1 35l £ Ol i 10 S0
oaalin |y gloj e 9l gl Sty Gl5 (o0 10 S0 50
OIS b ol el a5 s (g (o0 S8 l 008
Ol gl sed oamline gl )| SLSU iol38l L ials g wiS o oy
SLaLAzEl 3y g ond 41,5 L5 13 lea 5 Ol b Ll 5l oles

A3l (o gl jeme 2 oo

GPS*



[6]

[7]

[8]

[9]

[10]

trajectories while considering various
uncertainties,” Journal of Aircraft, vol.
54, no. 2, pp. 768-782, 2017.

Y. Woldu and A. Fritz, "Using CFD to
analyze thermal and optical influence
on a zero pressure balloon at floating
condition," ed, 2018.

A. Ulloa Garcia, "Study of the trajectory
of a Stratospheric Weather Balloon,"
2018.

Q. Dai, X. Fang, X. Li, and L. Tian,
"Performance simulation of high altitude
scientific balloons,” Advances in Space
Research, vol. 49, no. 6, pp. 1045-1052,
2012.

J. Meng, L. Zhang, J. Li, and M. Ly,
"Dynamic modeling and simulation of
tethered stratospheric satellite with
thermal effects,” Applied Thermal
Engineering, vol. 110, pp. 181-189,
2017.

R. Engineering. "Balloon Datasheets."”
http://randomsolutions.co.uk/Random
Aerospace/Data.html (accessed.

1400 ola)}6 G4

10

P 5 b b alasS plond SLLI s o Sl dke
o 030y 32.6394 552,52 L3l ax

S5 4z -8
oz 3l gy 03,5 (55l oo (b S ES s G ol o
OS5 Bl b Jsb 4 Gl Canse (25 > e 0nd
4.5 oS 5 eleds Jlade onijle aSul 0g2g b sl 000 5 i
St Ul 331 98,5 eess ol sl 1 sk 34 o glis) 5
gl 5l Gl ) a5 0 ol el iy el (28,5 a8 o
as ol plas gle ans 3l Jols s ogh eolanwl e 4 Sl
sk 32 £l )5 (e A8 5 pla & iy o528 5 ol
ol (55 o855 5 S 550 (gl adl (o0 4iB0 3 5 el
8 i 3 sl Sl 4 4y L5 5 00,8 5,5 ] 095 S5
392 ledel (bl sla buw st 5l alengS (biw jet SBLbI s 0ud

&=l -9

R. Palumbo, "a simulation model for
trajectory,forecast,performance analysis
and aerospace mission planning with
high altitude zero pressure balloons,"
FACOLTA DI INGEGNERIA,
UNIVERSITA DEGLI STUDI DI
NAPOLI “FEDERICO 1,
INGEGNERIA AEROSPAZIALE,
NAVALE E DELLA QUALITA
XX CICLO, 2007.
F. Kreith, Kreider, J. F, "Numerical
Prediction of the Performance of High
Altitude
Balloons,” The Goddard Library: Balloon
Technology Database, 1974.
[3] R. Farley, "BalloonAscent: 3-D
simulation tool for the ascent and float of
high-altitude balloons,” in AIAA 5th
ATIO and16th Lighter-Than-Air Sys
Tech. and Balloon Systems Conferences,
2005, p. 7412.
Q. Liu, Z. Wu, M. Zhu, and W. Xu, "A
comprehensive numerical model
investigating  the  thermal-dynamic
performance of scientific balloon,”
Advances in Space Research, vol. 53, no.
2, pp. 325-338, 2014.
Y. Lee and K. Yee, "Numerical
prediction of scientific  balloon

[1]

[2]

[4]

[5]


http://randomsolutions.co.uk/Random_Aerospace/Data.html
http://randomsolutions.co.uk/Random_Aerospace/Data.html

1400 ola)}6 G4

11



