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ftcOQots? Cdetsf St5?2 BOJIEzZYVIsSSKEO hIsOdzcG z
¢l jtoj d3j Misd Is! M MdMmlsj ddts?2 CtststcH d dzOIs e .
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LJso O e d orBdteOjd3 ¢[ OmMMmtse " j &-OtcO!
dzj dz dzB35.t,c d fn).

B MaccoBsie xapakTepucTinki = -5
| MNevaTtb... | | KonwpoeaTe | | 3aKpeITh | |I'IapaNEpr|...| ||-|EDEC‘-MTaTb|
AKTUBHARA CUCTEME 10 YMONYEHID — -
KOOPAMHET:
Chopra_awpiekabina_1.5LDASM
BbifipaHHEIE SneMeHTEI:
| BRAOUMTE CKPLITHIE TEN, fIKOMNOHEHTEI

/| AKTWBHER CMCTEMa KOOPAWHET B yrny
OnpegeneHHeIe MAaCCoBkIE Xa| PEKTEPUCTIIN
MaccoBble XapaKTepucTiky Chopra_aupikatina_1 ( Assembly Configuration - Mo ymondaHwio ) ]
AKTHBHEA CUCTEME KOO| PAWHET : - N0 YMONYEHMD —
Macca = 2816.83 kunorpaMMos
Obkem = 217,27 Kybudeckire METPEI

Mnowane NoBepxHOCTH = 712, 24 KBAAPATHEIE MET) (=]

OCHOBHLIE OCH MHEPLMM M OCHOBHBIE MOMEHTBI MHEPLIK: (| KMNOTPaMMOE * KBAAPATHBIE METPEI )
mmmmmmmm

Ix = (-0.00, -0.00, 1.00) Px = 21667.14

Iy = (1.00, -0.05, 0.00) Py = 5345445

Iz = (0.05, 1.00, 0.00) Pz = 58216.14

MomMeHTE! MHepLk: ( KMNorpaMMoB * KBAAPETHEIE METPE )
E,

'ACCMOTPEHHBIE B LEHTP MacChl U EBIDOBHEHHEIE NO CACTEME KOOPAWHAT BRIBOAAE.
Lxx = 53465.88 Lxy = -233.35 Lxz = -35.14
Lyx = -233.35 Lyy = 58204.55 Lyz = 66.17
Lzx = -35.14 Lzy = 66.17 Lzz = 21667.29
MOMEHTBI MHEPLMK: ( KMMOrPaMMOB * KBAAPATHLIE METPLI )
BEIMMCNAETCA C NOMOLWBHD CHCTEMBI KOOPAWHAT BblBOAA.
Inx = 327050.32 Iny = -341.16 Inz = 973.32
Tyx = -341.15 Tyy = 328701.42 Iyz = -28333.02
Izx = 973.32 Izy = -28983.02 Izz = 24762.39
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fldalgj dzls s  dzONdEsROS @ vl =Elodgj Bted @dzOHS § ¢
fsdz L soOldp@y BMw "  OtceOd3j Istc ¢ [ J MststeOMY
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é cosy cosJ sin J sin ycos J

Ay,Jd X —sm siny cog -sin gos Jcosgcos fos @gin  sSig Simy €.(2.2)
g—sm ycos g cos sin sid gos- sin J cosg cos ysin it S

e cosg sin g
O — Py
é cosJ cosJ
A,=&  sing cos g | (2.3
gl -tgJcos g tg din
é

GHy,Jl Tkedz €C2dzj 60.
LicOo dzj dzd W Ho[dz®d3o[£:o[ Hdtedy OB dzWv f tod

=Y, eF
p M 1
gw 8 N , (2.9

GHENItjLEZd sdezshdj ojClsti] 2Mmdzldefh d3fp
tcd ¥ OB dz

e m+ l11 1L 13I 14 l mz 18 lmy s
g I, m+} 2 mz L | 13 I MXo
M :g 1 s m +l my g lmz, %I 36
é 1 mz, +,l, my .+, J *, 4 Qy - ’ (25)
gmzrs'l' |15 |25 mx g+ |35‘;!y ) +4~; 'E‘y
gmy + [e mx ¢+ Lg Le J, - +4‘!/z s6- I lgg

mi 3OMMO HJ gdixfAsddyts | H d dzj dzdg i J,, 3O MY
B dals'  ddzj eydd.

lj ClststcF, Nfigigfsdy dzts W@ dztdap - Msmis©Oo dzw & h
tBtc O L [BAR

F=Fr+F,+F,+ R, (2.6)

N =Nr+ N, + N, (2.7)
GHFEdNyT o j S s d3) dzls MH.d» JsY Iy § ) Is g izt ¢ tcn
gNyTioj Slsste d dBsdg] dzls Mddzr Isw GR{INii9t§1- H O 9
sstc JdzlsBs@jtetsH d dz2O0Od3d yd ME d~ fighyf @B dzH J 2 Mis o |
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e 0 géeR - &,
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GHY T4 dzj d3j dels's BOKWER T ftets) Cydd Mmddzr Is!
shd MowL Odzdtis o H I @IS d3r €

NT1

: (2.9)

ol e el
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tgﬁd,;sdisdzlsr , ML HO&0 Y @ghisdid dds P dz’ ddes] ¥ ©fg jd2
Ne=YFs-z R,
N =z F.-x F, (2.9
Ng =X F"-y R
H NG NG N T ftetsj Cydd dsdid dz2lsO fddzr Iswwy-§ fMls
L Odzdzts?2 mMdMmlisj d3r CtststcH d dzOIs .
s 5 a3y tsdip glak™ ¢ tc Ra¢ g MOzdpte M Isig &Y toj H J dzV ¥ Is
o " tc ONdBdizd

FS= gUsin A FY= gUcos dos,6 F’= -gUcos sih . (2.10
lesj Cydd dzO Mo v L Bdfdz" dits dejifvialaf@d B q s jstpOJ
dd wommudls" o O Is MaRzfAQENdzi HEzE " Jdi3 W s
Ri=-m( M ¥, owyt, waw o+, &, - 7))

2.1

'élqk( I3k W '2k|z) \@,Sfl’i(S 2\/ r ( :D
RI=m W, M owk Wyl % C)wzow) -

s (2.12
'k3=-1Qk( Ilk N '3k|>) \0,5f|‘);8 2V r

Ri=m( v, wr s wy o+, B -7))

s , (2.13
'kaz-le( I2k W1y Iy) \Q,5fl‘]2 SV

NS=w(d, wd, Jwad ? ) -(w, 3) -,

m( wNow oWy, WY, V) ow - (2.14
_élqk( b W o5 1) @5mMU V2

Na)(: W(ny W ‘;yz QWin 22 V%) _( Wz ‘J_)( X~ z

m(xVy XV Wy, e ) owo - 2.15
‘qu( e W o5 1) \0,5m U Vi

k=1

Nef: Vy(‘]yz W ‘}xz y)W’Jx;( 2x V%) _(Wx '}) x_y

-m(x\V W XV WY, we ) ow - (2.16

6
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t dB37t OL B4 M J dz@ls ezp

[ dzv 9 OtedOdzls© twWOL BN jdedw HodaeOlsj dzj 2
fif  BO ftoddztsy jdedw MmMddz, MBLHOO Oj B"Va O
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slso jlsMmilse jdzdets dzj o' &3 d  tcOo rpdgf PAEGOtgE® Jso ' o
e kwaegd, MSLHOOj & | Mtstslse jlsMmise jdadats
dzv dzd :

é,Plx g sz? g 3x é, g le

_ép U _p€ Up _p €

=Ry R=RE B R R R (2.17)
o0 ® d k. 8 H R

t dB38f OL B M jdedj HodaeOlsj dzj 2
tOmMmdfls jeC Istste” , tftej Hj dzvs N Gejj dag@ipY t5dzts
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e, 8 X¢ B X & B X
- _,,© e

rl_éllz 3 rz _y]é Hrs =y34 é rql‘j 5':34.
€z "8 0 2 & H -2

(2.19)

Uts@HO s Cydd Er d Odgexky dzp 2 s ipdeiind v L

mdmisj &3* C st ddOls ukl dgj i § e dats M dedzPdg te
eh, o
e u
ey g
e1 0 1 0 1 0 O 1 0 0 éP, UeF’
é ueé
g0 1 0 1 0 1 0 0O 1 0 2ygélzuy
€0 0 0 O O 0 1 0 0 16R UEF’
é gé
0 -z 0 z 0 -z y 0 2 Y@ ueN (219
€z 0 -z 0 2z 0 -x 7 0 x%® U4
Ve X2 Yo X Y Xy O Yoo X O @R UBN;
% U
e u
ek
ltetsj Sydd o J 9ls tstdftdco] Hoj dfw22delig] o' tc Oy j dz
eP, o _ écosa, eP, @ _ écosa,
R=6." i, P=e Peb. -, 2.20
' gpyl H ]Bgsmal ’ gPyZ 3 2lsgsmaz ( )
eB; g  casa, cosh ePs @ casa, cosh
R=ghs ¢ @in @ ,R=gR, R in 2 (2.21)
€. U cega;sinh €. B  c@a,sinh
GHB., P Py P, TISsWGEd Ho dag @,lsg Mg a2T;, z ¢ dz f So Bt

Ho d dxpl12 ] R.38] M.
go WL !
fcotstetslstso
F=PR.cosa P ,cos aP+cgs s
F=PR.sin a P .sin aP+sin &, sin, ;
I:u)(=|:)3z +P42 SUD Zlelps
Ny =z(Bsin a, P.sin R, y+(P,cos, sm ,
+23(F?us5in a- P3lsSin ag;
N, =2z(R,cos a, P,gos 39, x- (f, cos, s,
+z,(R.cos a,cos b, P ,gos &ps )
Nj:xlz(PJJsSin a1 'sttjn 312 Y'(I::L)2CO§LS
+%;,(Pysin a, P ,sin a,y-(R,cos, cas,

a,

B.cos .ain sja ; ,b

BidHE EfteOodvs hd&d Mddodkd
Ho d 6 Olsy @y jRdeds'fded HJ dz¥ J sV

Po, ¢os, coa, ;

SI’
b4

B gbs , sSina),

(2.22)

P ,80s, sSina

® €0s,,) a ,+
P @sa,,cosh ).
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2.5. Ae3aea BdRpoam 3caR¥ 3 &f 6 R

StststcH d dzOIsT yJ dzlstc© dzOmMm, ZOMMO d &
off =3O L2H.
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T 3Qdsd f @ iy d dzj dedz{i g} ; B3O MM
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&5 BOMM dMfsd LksksMvw cwo® dCd2.3gi [ 2
2.44.
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[ ©OfMMdkEOktdo O B =2 JId0Bs v o] &z
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BdSE M dzsh des?2 Mmtcd H T

7) LOHOdzd] dzOYyOdz! desets fftodBdzdy j dad W
8) LOWOdd] o udhddljjedg dif \Ed df, O Py st
Hj dzvels dimYf sdz L zj B ds | @xizeias &€ d If dg's yg "Mpdsy dz
9) LOHOdJ o' mtsH ' ~ ftfeq tei@dsiO®telty sdzd P 14
HO;

10) LOf EMES dtsHj dzd dzO tOMmydls o 9" y
fprHdgBEShHSON® ctcOMyd s5O;

11) fesmdsslste § sdkzzyj dzdzr = tjL zdzt SOIs
CFView.

t 4 OdzdL Oydqdw ftej HMisOo dzj dzdzpH?j dfGs frpdefjsHjts o
]l sHeBEQ sd&3j sted yj MS 2 difsteitHefigfo H ff B j B
SolidWorks. lttd MLHOdd Itj - d3j tHdzs 2
Y stse ff sfmdzj H slEN@Is j dz' dets MtsL H O

igjtsddj stedw dimMmdzj Hikzj Bsets Isj dzO;

iejd stedw wOMYJ Isdzs?2 5B EZOMISd BJL IS
iJHddOw ¢ sd3j lISediO fitds@ffy y jolEdds 2y OW ¢ | s
5B d&zOMIsd M §sdshis! ¢ ay Ogfay. dMndj iz B
I mMddzkz MmdBdkjistedd HJtody OBdY o' B(
sB dzOMls - o odH] §OtOdzdzj dzj f dff jHO, dz
Btsdz! h j Idifdsaststenjdrn tOL d3j e cdy Q& dzy O i@
Yd delstej f OtcO (th] wigjldf dfief4j HtOr dzOMmis! § sdazy
ydd ctisdsmis! e, 9 WjLikzd O] (Bt
zOMmlils+ , {toj HMlsBIh.dzj dzdzOwv dzO0 tcd M

- o 110 ] 4 = | e e B 9 5
s S e S e (T s T ST v e 0 F.

- =0
)

4) G
5) o
6) o

o s

i
[ dB45] sHj d ©OMYJfiy dsQ s dsp GRS dif
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1 tod sfipdjjdidlsd d B stcls©O® MtsL HOdzdets?2 6 J B¢
|l nternational, f smdzj Hso Olsj dz dzs BT ff tSC
h jMmlsodzv jIsfpw dif stels o Mmj2 Oy lsdetsy? B
dzsfils: WOMjsydetsets ftoj HMIsOo dzj dzd W LOY 59 §
dets dz@.46¢ d fn)

mr-— -
« = —— | eieis) —lﬂ&

[detht;wl mOmugb@BQ sB &ZOMIsd

JteOdzdydzr J] Emdzscedw fLeotdzvels Ekddlsr s
dz dzO ctOdzdydzr = ftso jton detsilsw i t®MyYJ Is
dd {1 Idms e jtorndasimisj 2 d tsisls dstig-41O
dzts s v d3. l BL d3tsy dzr sO¢ dj sd{§r G to
et ), i |5 jtadgldg YOS dslei jdgH s 5 Is j dzO, L
or), d dz Sslstster j HEEZzGEd] .

dzi dBIBlsO ttOMmyjlsdets? tsB d&zOMIsd o
e X i o ts d3ts @ 3dzdzts &N B Ml 6 O AfiisdipjH Iz hOd j ¢
i :

ton desfyls' € d c¢ieg nis@alzapid dftisiplsg de - ts
qf Pded v § sls
dzz Istc j dzdzj 2 f tso j tcn datsdg@hgfis iHdgtsizs p df g
sdf © ¢Mlsj dz€ Oe .
1 0 2dff 4BYBjHMISOO dzj dgr 1 dzj di3j delsT o -MEs s
WJi2MmMoO dzOL dzOuJ dzo[ C Oxulets @ ts f lisfg zte & das M ls d
t OL Bdj dzd | OfMmyd sdets?2 5B &ZOMIsd de@-" uJ
¢ teBts 2 HEXPRESSE I seEkepdsit a0 yij € s
¢ H
S
J

a

Iz :

@Jh&q: ftso jtondesflsw i tcOMyYHls dats 2
J

2]

Mstesdls fjlsCk,

dzj cOydw Mmyj

s woowyj2HoLBEstets?
J

) (smises] dd

)

j 2

Y Jd
O

Cd ftesdL bsls@sthyy: o tsBh
ZOyodz: dzts?2 Mmjils¢ d;
ftede dzd ¥ j dzgdzOW OHOfIsOYydw dzOyGsdz' dzts

6 OB @6 s q ;
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t dB47) OHOdzd ] CctoOdzdOyttls e s EZMmdztse d

- Y, —— e

t 481 OHOdzdy GCteOdzd Yydztse 5 Azl Jd?O & 4 t

3) HJjWBtedOydwY wyjjs Htodsdzdy j detliels OH
fMlsedd Mpdd PodOmMyj lsdts? B dZzOMISJ;

4) tfldidL Oydv §tshzd g ztz0€% 0RO MPE] ¢!
GO h OW KOCMd®BOd dzr 2 Eujl efmjn Mis o
udmazd dmifsd tkjdk 7 Hov {lsscéts wWyli s,
srn wyjjS, Cwkttrj djBkOcsftedwisdis S
Isj dzt detsets ftesyj MMO;

5) HGYf telzdizeflsy HtetsBdzj dzgdj MilsSd HA Ekn
Mlsj desydets?2 tsB dzOMIsd tSCdzs Iso jtcHisSE®- Isj d
dzd j ¢ yomded xdzeg ¢ cOL O ¢ MlsjdzgCj Hodykh

1 0 tdf§. ftcl HMIsOo dzjfdEFjo @ O IO fisdg Isliig e dDts
Ylzts 2 s BdA@D fifflsw(H 5B @zOMmJsdlj dzed?2 (5 tsMd OX,
oY, jizj a2 5 ©fjd OZ.
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Initial mesh v

@ Subdivide the domain bounding box

- Set the number of divisions along cartesian axis
X axis 16
Y axis: 10
Z axis 7

Nbofcelis: [1120 2 Auto

l{l)l‘lbl‘lb

C Create cylindrical mesh

€ Import a mesh file

Cancel I | |

t d.B491 Oyodzr detsj Mmjlstsydetsy tOL B

[ OCMmd 3Pddf fdalkts HtctsB dz ded 2 o ML DOH@DE@S U] IS
Zzsihzk7, COC CABO.Pdas O wH Ets 1 dzj B3Pezls O
ficd d3tsy dats LOHOIsq’d3®tizlsdzusgiZJ ﬂzdsfnd;@gﬁ” dzj dzd 2 .

Mesh adaptation - Refinement parameters
Global parameters | Suface adaptation | Box adaptation |

Refinement
Maximum numbser of refinements: 17 §|

Advanced »>>

Cancel

it {8501 OHOdzed | BOSC M BOdz dese s yd fmdzC
lted HOdz dzgj 2" j2 HjWsttdOydd OHOfIsdtet
seaagj scts Isj dzO BOSC Md zZOdz! detsj f jteo dydesj
cQodzr &3 120. | detffpdes - ffgdmglpo S s4 WW dydJ dzls
ssdzh Jdgr-1ftswy w6 jdzgj cdtctso OdgdzOVY M j Q0O dzC
WYyd 4 ¢, ubt HBMIsOIs ddzddts frHdaisyy detsifidsdgl. Iste d d
tdLlkd O Mjlsydtsets tcOLBJJ ded W fipH dzw
YJ sdats?2  tsB dzO M islsfo df jsdaflj asfipjzh jdgOMmis tctsoj-C d
dzj dz dz®51 te2fph)

l ftesyjmMmj o' Bt thMdtsedsr - § OtgOd3] Is
Hydzjdedj dBHjdzd MtejHT . |1 HOdzdesd3 Jn-dzlz y
Bses otsLHEZRAO AIR I ncompressi plde, ddo
tc d £)53.
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FENEDIEDEEET

{ d.B5Le jIstsydssj

- i - - P st e

e N T

tcOLBdjdzd] HJtdy C

t P52 jIssydesj] tOLBdjdadj tOMyy Isdz

e —
-9 e - X
) o Y Fluid Properties
Fluid name AIR(Incompressible)
Fluid type Incompressible
Reference pressure 100000.0 [Pa)
Reference temperature - 300.0 7
Cp 1006.0 fikg K]
Heat conduction law Prandtl
Prandtl number 0.708
Viscosity law Constant Viscosity
Kinematic viscosity 1.57e-005 Im2ss]
Density law Boussinesq law
Density 1.2 [kg/m3)|
Compressibility 1e-011 [1/Pa]
Dilatation 6.4e-005 [14]
Edit / Select fluid
To modify the fluid properties. click Edit Edt
To select a fluid, click Select Select
Close

{ d.B53) OO st

dzd MY d &3O BSE s 9 51
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1 sM¢ tsaoe Afipn BOIs tou[ @ Offf Estelzdz;] ME BtesMmisj 2
d [ORO bkHBo dzjlsoRetm i Mxifddsi d v iifts ¢ 62O i dats
oHMlsaz s dMisdy L so Oded® dBOIsj d3Bilsed Yy j
Hexa d Mif jSldgAtc B Iz dzj dzls dzOw di3tsH § dz¢  dzj MO-d B3O,
dzndMmis ] 3O LkicOsulgsEdRO 1iPokzjiJ stsd3 [sBOeB 2 &
ZzOWlszdzOtc j Mz . ] OtcOdzj Ister BOIs ndg®ls dinj fAh) ¢ ts
tc d B)54.

e —ute @
|
m /- Mathematical Model

Flow model Turbulent Navier-Stokes _ﬂ

Turbulence model |Spalart-Allmaras _ﬂ

" Grawty Forces

h0 coordinates Gravity vector
Reference Parameters
41

Reference Iengtf\ ‘ 0 [m) 1 B20ES007

Reference velocity 7.0 [m/s)
Ok | Cancel

{ dB54] " Bstt O] BOISdUj MS &2 BEsHjjtzd Ho
1 OyOd dzsj ftdedzdy jdzdj S dMS BB
s S Y desfls! L dzOyuj dzd?2 € i3l sdzj dldssigE ©
o' BloOdzdzs2 Mg Mmisj Bj Rists eaRBae@l),. o] HMisO

.
n J - General settings

& Constant values € From file
€ For turbomachinery € Techno effects
Parameters
Coordinate syslonl Cantesian ﬂ
Pressure ‘ 101300.0 [Pa)
Temperature 293.0 [K)
Vx 7.0 [mvs)
Vy 0.0 [mvs)

[ Vz 0.0 [mvs]
~Nutu 500

OkICllcolI
t dB55.1 OHOdzd ] d&OYOdz desets f ted B dzd
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1 OHOdzed ] or ydmdzdlsj dzz dz' = § OtcOd3j sctso
dz' 2 fsVHBE OHOYIsOYyddjdagf?ls S o teod Isf)aeshy] ff
md S d Hwdz gz2d Y-~ , UBtG@H&fonWﬁZ;’wﬂﬁdeJ dz"
Hdzw tejh jdedwvw Mstlse jlsmisekzs hda HIWWJto]
tedfm. 12.586 ftojHMIsOodzjdzg@r ddalsjteWj2mr kf
fAOd3j stetso .

X

General | Advanced l

Multigrid parameters
Number of grid(s) | j of 6

M Correction damping
M Coarse grid initialization

Ok | Cancel

{ dB56U MIsOdzse C O Misjfjded OMBY gdefidd MmJ
. X]

i

-

T -Numerical scheme -
Discretization scheme  [Central 3
Scheme accuracy 2nd order _g]

CFL number 30

Preconditioning -

p coefficient 30
Characteristic velocity 10.0 S{[mvs]
M Local velocity scaling

I~ User defined gauge parameters

Ok | Cancel

t dB570MlsOdzso € O { t5HOH B MisEalzR ydgs jW3 toj
W4 ted dayd Odz! jded & Oo dz
1 sfmdzy LOHOdedw WdLdud M
¥ lsfpw  stpse]j] Rkdzdzlstetsdzv o " yd dz
af
d34

Iz
¢ d

f
azf

o " W fdzc
L dase s ff
B dsdztBE ) d
SteH d dzO s ;

)
d
J
I dz20Of tcOo dzj ded W aJQIststslm Hiz ts

tc
dzd Is
s
dzj dzdv © L OHOdzdzts?2 MmdMisj ¢ ts
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icteOdzd HAtedy OB dv, dz0 SCtlstster 7 fjtesdm

dw JdMSsdr & MSOdvjirdyd dd ojSlkskd & o
imMcsldsh jddj %dLdujmSsct otej dj dd d
iCtdlsjed?2 MHwkddanlsd d

-— X

i o — L ocel adeptation —

Humber of adaptations | 1 i|
Adaptation criteria

™ Densty

o
w

M Velocity magntude :

=3
w

I Pressure

l | | ' L ’

™ Temperature

Adaptation control parameters ‘
Maximum itecation number oo mtermediate gnds 1000 =
Geoup l Ungroup | Comergence crieria on ntermediate grids 352

Ok | Cancel

t dB58) OH Odzd § diEfiplsBptaly o OHOYlsOydd o
te § Juzd W

] s ¢ dzj OQut put par ameters orsdtcOy
(External flow) d dzOyoOdzs Mo w L Odzedsts?2 M
ststets?2 HflosetOBBO BERZHJjI tc O fipdd s daOOds 'y
mMddz d WEKBtsdyj dzsse. 1 Of tcQo dzj dzdj dzOBlg€ O N
odlsmiselzs M jj tihd OX &j Misdzs?2 Mmdmilsj 3" ,
&ZOftcOodzjdzdj HJj2Mlsadw fHI j dgdets?2 g dzr
slse jlsmiseadd M Jazk@&Pdz] 22c® disdyf OB dzv tsis dz
mMdzj His9 Ols jJ dz' dzts, -~ OtcOCIsjtedL 2 J s @ gzOIs
tc d. §)59 . Jfydj?2 Moment axis BEmlsOdzOe dzd o
slsdztsmdls ] dz' degs CBlsBtes?2 o' ydmdzw j Ismus - d3ts d3
Gts 9" o dUIsieOdtz I BBt o {1 Ists?2 tfydd
9JCIsstc® (QQUdOOJIB) oM dzO { CtcOdz BsSd3d

r 0dzj 4 tmhieh jmsodzw jlsiqw L Of 2M¢ dBtisH j dzd
H Iz dzj d ¢ tsdzlstetsdz MrsHdd@sMIsd syl MO
tc O fpyfj tsdzth)h ! ¢ tcftdHdfdg HE XS TRE A M.

4 fthiish!' s foHftoSEtcOdAB" Monitop- d3gts)y
3y dzd BlstsBtcOy Ols! ftesyj M MatHdBsMIs
parameters s Cydwdy mMmddz d Bsdj distse .
CO MaBHdBMIsd dJdlsipig® y{f s dzdzts @ & O fztzisdg) M (
Yy d dzO ds.
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Output Parameters — Ry — X

m ') Flow configuration

" Internal flow & External flow © Turbomachinery

Outputs parameters
Lift dwection

x
Drag direction X
Moment reference center X
Moment axis x
~F Output of residuals to CFView

1 R

00 Z 0.0
0031966 2Z 95 209
00 Z

<% <<

1.0
3 804
dq

I Save on .

Forces and moments
I User-defined reference values

Add pont Remove point import Expon

Oleancol

[ B5.0MsOdztso C O o' RSHdE & ff Otc O3y

- o——— D o

[ dB60.4 ~ sH BsMIs! Jtetsyj MO dydse dpiddarfjv dzte
) sfydzj Gtetso j Hj iR S jte @igy jskodss o dr- O dz

Bsh s fsHftesScteOBB CFVi e wdEj. dzts Qo Cfelf fite. j
dzdj HOodzj dzdwV 5 o jtondetsisd HJtedy OB d

BOdz! dzf | L dzeOyjded™w HO9 dzj dedw ¢ tsdayg dzls tcd
dzsfisd Hdtedy OB dv, ¢OMOIs] d dzOWS W dzo tg de@ o
O tcOo dzj dzgd ¥ dzOB j ¢ O N jes s O.

10 tdB. 62 ftojHMIsOojdrjjdts ste®ihf tdnjsHsjtesjfit

O BLHERO 9 BBCt] MisdesMmisd HJtcd yddBigzr Is-f tc d
tedmMbkzdzC s By dets ko dHJ Is sOCdj +WhkjClsr
dzsflsw o diifddCstatxn , Iststedity J dzdj f ldSRE QU Odh Ist
Hdtcd Y OB gV, dzdtgOLLt®® MIsOB ddzd L Olststc O BB .



{ d@6lf OMY ey H)dzjded] HOodzjded™ U §59

t dB62t OMfted Hy dzj dzd ) YBlBECBB o9tsLHEZAC

] 20yd ded¥w Ol esHddz2O0d3d ud MEdn Mdazsd gt
csflsds? Mdhkj ki SsstthnddOl. [l t©OMHyc
sclse jlsfisokzs h dds ddg O! totsH d dz@RH fylg sy dish
s %Gtk zOd

fr;',ﬂow = )SOW/( uq: Ogg frJ,flow = %W/( uq: oﬁ, (22@
fr),ﬂow = %W/( o] OC: OE; rTl(,ﬂow = I\/Ix, ﬂow/(q: S.;. GID: (227)
rTk’,ﬂOW = I\/Iy, ﬂow/(ql S.L. OtDy rnz flow= IVlz, ﬂow/(q: S.;. OtD, (22&

CHAL=/V2IMS Stesls dats 2 § Ol dztsfls ' L i o ead Wi2®R @ s

fzmMO HJtHF IBid"QteOCIsj ted Misd yj Iff @Ow daq ,dzts " C
sB) jJd3d Hted Y OB dzv .
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1 Jtoj nBYW LOdzllpzE M Hddy OB dz B3 M MiIs | Bz
{5 ¥ stk zOd
C, = G 10, COSA COSD -C, ¢, SIN & & 4, COS &BiN, (2.29
C, = C_ g0 SiNA COS b 4, 4,,, COS a &, 4, SN &in | (2.30
C,= € 1nSiNH &, COS L (2.3))
m, = m 4,,C0S2 COSb HY), 0 sin a 1M 4, Cos &sin, (2_32)
m = 41 4,,SiNa cos & 4, COS a Ny, sin &in (2.33
r-nz = rr!(, rowSInb -HTl flowCOS l; (234)

¢ HUdbi e PIs Ok dnC sdz! 3 j dedv Mmtstsilse j Islse j dadat
l sdzyjdedzr | © tjLbkzdz sOIsj] Ol tetsH d dzOdzd
Is OB dzd widkz ddy d v d3d Is te j =) Yt tdaty figlty flzdz’ 6 dzO  Ole
N dedwsL sy dets dMmMf tsdz! L soa Odedj Isdr Istej mc
odHrjdzw ftseorh jdzdvw MEtetsmisd d&BsH | dzdtese O
dzts?2 dOctelkzL € By dts dMfsd L9 Ols'y-0f (¢
dz" = HOdzdz' . 1 0fted d3d ts, fkzmls! ftcsHizo €
MistsMmMisj 2 M h Ogiskyzfly ddgf e © MugjelsH@d Bsi- & s H
ydJ dzstse dzj 5B ~URY tEdszdziz € tcIN€ dzEisMis  H
@ets yJj izsegts ydmdzoO.
fftesSCMd BOYydwy O+ tesHddzORd yj MSdr € si
sdz' L 59 Oded jMitlab WSartiee dittfrg, f tcj H MBI @aDdz] dz
63.1 OdzdzOwv Wz dz2wydts tfiROImdNtgdzOd3z M H O dzdz’
fndZszdﬁHJdZthB

O
°
zzzsyyseryggigagseeegnoonerzlf

| Stan] Reacly

{ Bm63) T L so U Bulkceitng
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1O0ftedd3j o, dzO0 tedfm. 2.64 o] Hils®s dzj dz
fEsdo dzj dedv ls kedses 0OlOSd d MStd 3 dac

cx(alfa,beta)

0.05

I004

x -0.05
o

-0.1

-0.15
80

40 60

20 40

beta, grad 00

20

alfa, grad

t dB6As s WW dlgdgzsBtso séts Misf tetsisd o dz

1 tod d3j dzj dzd j Suwfdeeditfimg dhd f sdzd dets dzd O dz' s 2 (

ydj?2 fwissets fsteWHCO®N (ed" Oy $8YJHOS Is

c, =0,05715-0,001125a 6,596 10 1495%0°0 2#0512*10
+1,2375 @0 2b 1579 100° 4461020 2,a7bt0 2 O
-5,298 M0° b 4,170 160* 45810 ° O 1,@01pi022 O

+4,196 00° & b5,303 16 6+1,661 G0 °a 18531066 * a b +
+5,310 @0 & b3,342 16°C¢* * &4, 676-18 * O 1,146 i 2

(2.35

Y 4\ surface Fitiing Tool e

ile  Fit View Window  Help

File Tools Desktop A x
o o [0 |EE) BOBE =0
led fit ®

aaaaaaaaaa

RRRRRRR

t dB6s [ ¢ dzts W ESumfacgfftidg

] slsCter 9 O h Xdgiput o rdfjtedsj Ismwy  dB3OMMdoe k¢
sC dgnputi 3OMMdoe ke dztse M & dutpyt] dAd ™y figPhy o t
dzd 2 Cdydy Mzls ©
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26 Ae3aeveadaaosa detddoecoaacR sgasdeidpt (s
{ OMmdBssisted d3 ) dzGEysidg O desoctls] sfadigfBidRISIOE ts dz
¢ gmiz) Mz § Ot (MJ2) HNicds € §z@ GE GAsHodighdizs
ftso jdgEdz ) tojJ HY Sdztsy d d3, 6 tisBdis® Y difdehy fisd oHda" 2Y)
Hod)JIsiMvw dBH HJ2MsodiphB BEic@REGCE® HHPEB O
tets?2 OFC ldedssdets: H 2 Mlsalzjls dzO { OMmfrpddaCE) d2ts
[267 29 & jtedzd J O3
F)

P.. _d.P
F{: Loy sC" to 4
mEhd wtgV STy g

CHE. R Mddr Mtfteslsds dj dzdv 1665 g &[5 Bzt (
Codzj Mdzs?2 § Oter MEHEE &Y Ko j dedizts jdzdy pizd o338
RIojtosB slsOdV,, 1M¢ sted dag § gy ©

) ted 1 stsd o ff €dsdasTEAEdgSinds &, )R GO f) dats
oL &z S Oj s Istsdz,C ) dpjjntg l<tfifO»dz: fdEO WS S HNZ  H ©
fo J o d2CEAFH , SOV MBI HOY ddRsiRd da
dtscp fnlsu’telslsq’adZszC{W ptcOn j d@s . SOy HEB2 G

. d P .
ve B Ty
RQE ;¥ (2.36)

us)

\ &

<

7R
t dB66y d dz' d &tsd3j dzlsrt | ftod dzsy J dedz" |

Cisd eotsfmd d3' Mmd dF i o tsts lsdin) dzjodzds' ¢ dzff d3gizts
s COYHOW dL 1 sdrOfdaf| HeEsisflipth icledfidda@ds?n
fOter . [tkeddd Mmhse Okd, ¢ ON -kRud &6 ot
LHOD Oj 3 B=Fyg¥2dz0 COYHG2 Cdj Mdaud- 0
B dzls st toBsR,4 @jc@®d WwOyd dzOj s o tcOhds: fw,
BsdEOYd dzO0J Is [k MiMsteRjRdaazls, § Jj gfzdgi N Ols' Mw- o
Bzts 3 e BOJ .

Vtedud d3, 4 Mmdeds o § tedziidg@istels v i IsADdy todf" d3ik o
Hdzv 4 dzj § Isttses saCB)dREs 4 [W W o yd j dals o isey dzg2O
sy etslsd o dzj dzd¥ H o d ) f ted W lsB)is Ofig s 5 dajs dzdgOciAE
Bd e, Jam @GO dzv jls 50 s, @O dz 1Ol s teds,
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0,0005 iy
Fip. gmsoooo ©,81 392,4H 49 (2.37)

sO0Cddy tBtOL 53, ) sd d MPOsEAESQE ST 5 HEAS
f tso j tcrodstsifj Wsidzfy j ded v, J MisT o ts®dg dedsi ¢ OEIdr
LT 90 BB dBsdij delstsdz d dzd Jjlipd ezis?2 M teslsd o

6 Y sdegpidides! , ubtmss BOQUHdg) g® d dz
ptcOh Ols! Mw . | 1 Istsdstc theltiztsddyjj dis daf jO H =R IS
) dzigdzdste § tsdstgvls M@ dzzO Iste § dzd WV, fQ)ts dz! Byly) @lzdfry ¢
ttOo BgP=fi Bed dOBdesets Bsdz M j fMddzr Iste dzd
ftcod twhkBEBkH jIs Mtse jtoh Ols! Hoady jdad j ,d-dzOL
dzlz IstejdedW, o 1 Istidy oz y O ) o deltVte thismits sy |
1 Of ted B3d 6, o defgeziz Y| Oy Jjofig B 1S [26, 29 -
U ls s BEP S306 ) 8.0z60.15 60 ZEils

[ OMM dBBsHs@dfjdy Ho dXJ dise DEODE 5 g gAYz (6.
fojzPce OV, ylbsts tsdz dqd3j dls Heoed ojHEMNA d
utsGHO Mddzz My tetslsd addg, ddd Vo jSHASwEFEARICZ & W
FaeBZHEIS ¢ d8U380lmdgYH z5[" d ddgzde " 6Oy J dzd

chf%Q, mc?%Q, 1 (2.38

M o jthisBtels®@ ! s IstsdzOn. 1 tcd 1 Istsdijdzfyd s C
Jdzdw dzj L OadMmdls 86)s29 M¢ suted@sth. ls dad EEdcjO N
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dzr | bktcOo dzj ded Wftc § o @z BOIso C o d H J

&8 0000 Og
: U
01000 0¢
)_(l_é001ooog2
- € .
P 00010y (3.31)
€© 0 0 0 0 1U
e u
€ 0 0 1 0 0y

I tsts?2 MmdMmisj d3d Oty tizoizilf ey dalz] T3t ) s
wdgdw, OXHPCIlgig] M€ Jow[d'tcO¢c 2 tcOo dzj ded 2 € .
BOISdSC O Hddy OBdZY wWodzv jIsfqw MmdMmilsj B2
ydeats2 o Ml Mdzj [wWibkdtseO. IMfmj hjMmlis!
b tc Qdzdzy  tcd dix' .

vyiss COMOjIsmw EZftcOodzv j diidsMmisd 1 Istis2 Mmd
Msd 5 sOdzzsOdzz Msef OHOjIs f dBOIsted yJ 2
0SBt [ jeSts adHjlIs!, Yyt tOdzd. MbjlEER d3C
(33l) wdmMdi3QlsPsdzp Mdzz YOy Weo dzvjlsmed d&dds dzdz]
sdC O Hdtedy OB dzv 9 fMJ #H) O w(oldm'tydsjin W i dgiafus@irdz
d3ts.2

]l HOdzdigsllg YO, EftcOQodzwes h ddsd eotsL HJ RMlsed
dzdw MmMddz swéed HodydIsjdzj?2 d tibr z@@DE @zg «
dizj jIs w©0OL BPEdasilis A sAimisdo dzvw L dzOyj dad v
(3.26)1 (3.30)0 kteddp(RZ),  sdzzyddz ydmdzj dedz'dj- L dz
J dzls Blomn odfPOIs to d Yydzddr Hzded@@d3dd ¢ d
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@0 00000
0 00000
000000
Ab_goooooo, (3.32)
go 00000
€@ 00000
B, =[B B, (3.33)
GHJ
&0,0000 -0,4750 -0,0000 40,4750 0,08
20,0010 - 0,0000 0,0010 - 0,0000 0,001
_€0,0000 0,0000 0,0000 0,0000 0,000
'20,0108 - 0,0000 - 0,0108 0,0000 0,004, (3.34)
go,oooo 5,1301 - 0,0000 - 5,1301 0,000
60,0097 - 0,0000 0,0097 - 0,0000 - 0,0%
€0,0000 - 0,2125 - 0,0000 0,0000 - 0,2%
go,oooo - 0,0000 0,0010 0,0000 - 0,00
40,2125 0,0000 0,0000 - 0,2125 0,000
2720,0000 - 0,0000 - 0,0041 0,0000 0,000, (3.35)
2;4,5934 0,8711 - 0,0000 -4,5934 -0,87:
60,0000 0,0000 - 0,0216 0,0000 0,009
€0 00 0 00
000-110
Hozgo 00 0 00O
H 00 0 00O. (3.36)
go 00 0 00O
& 00 0 00
sOC odHdes dL fHtwdeo jHjdedz 7 9" @y j dzad -
NOBdzw ddzjels or MsCd?2 foteWHBS d slAsdz M
hoshdrn oBLHjJjRIEodlssds MdMmMilsj dzdzr | @BOIstcc
sd¢d d HddzZORBdSd tOo dz dzlz dzs . Clsts j Ml

jfsHodyjd d ofj jet MSSttisd d k¢ d

[ OMMmdssisted df tolis f {f pegeers jldze f oW d3sts dzd dzj 2 dats
Hted Y @Odz r W+weg iisMS st mls dng B2, 224dts ds
dzZzIN0 A  tsdxgL j dsdes?2  Md Mls j.d3'tc OF € tstsHed dzOdst o d
edy OB d&v, Motlke jlMisolksh O U jsdsdgiz? Mgk yls
StHddZOISNBE r j O] Bs] bkijEH® dsodohjjdadj HJLt
LIss?2 MdMmisd di3d "@OFsid dz® 5 c®Yff d fded ¥ Bd

x) =22,22t cos(-30) =19,2¢, z = 20tsin( 30 ) 14,11, (3.37)
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Yo =4000, y° =30 9,523, J° =Const, ¢ 9. (3.38)

] sHfls OpJddvw o B 4 [1824 0111100C 9 md misd &3z (
dzZO2Hjd3 Msslse jIsMisekze hdj L dzOyJ dedw e tste
HJdOls

a0 Ve Ve w) W %g [29.24 0 1111 0 0 . (3.39)

Vog

{o

Zo

v

tdBLrodyJddy Hdtdy OB dzv o H dz i

) 20y J dzd v tf tsd Loatcty HgE'det] 38%F , o § OE SO o(

HEh jdg Mz yOj, 0o dz@ dzkz dz¥ LBEZ[NHAEGCAs)  off) dr

d Wmtsdj dzls' BEHEIS HpS 60 Esertsyds dpgelz O dzm
dZ“

]l HOdks@BH gy JddY Hdtody OB dzv Ef @O dzv
®k&d BEZHJ @MUY lsdls dgsd3j dzlsd H o diedisojddpv@3daz" 1
e OL 34 tedats fyliz'f tcedp THY EHtf@PBA) i3je ©O6 dzO " j Mis d ,
IoT 4 Hddzd Y dzfe's63l 6OL 3

ydmdz dedzO Y ded v 2 OB dgw B h d - BuSEHF,2 Mise
Nux, Ny, N, 8O0 dzr ydmdzj dedz" d3 L dzOyJ ded W ds- s ts
Bj dzZlstsea, 9" HO9 Oj &3 n k¢ OL O dzdzts 2tztf i Gzt WD d3
L dz0C Odzd .

1 Of tcd d3jac H B dzzf@pjv dssdzd dzj 2 desec s Ho d Y j ©
y’=40003fp Ctej 2 Mj teMC 52 difify tisteits fiidss’ o ts309 @z dRdRfa] )
OX, L J BBdzets?2 MdMmlsj di3F € gz dz@ s 31z iz @b tzv tc ©

Fx= 2460N, F,=3000N, F,=ON, (3.40)
N«=ONL mM\,=712200 NNt m, 2570 NL n§3.41)

Vftotsh jdede" | EZtcOo dzj ded W fﬂﬂfzd&;dﬁﬂﬂmijdztmcg
HodY jdedd da3j¢ls Istsjsy s oilJ@g d y®dRd W (03 .

Vi tetsh jdedz" | kZtcOo dzj ded W i 5 dztlz@ e B 6w H @ @
Mz yor dwdo ddjQ@dz dz' Is Ols j3Od&EH S 05, o Gl&@s w h
Niddj (3.7), t0Oodz
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¢ 0,0000 -0,0133 0,0000 0 - 15,7875 0

2 0 0,0000 0,0000 5,8635 o - 7157/

_€0,0036 - 0,0708 -0,0016 0 13,4915 0
_20,0048 - 0,0945 -0,0022 0  -0,0899 0, (3.42)
20,0433 - 0,0048 -0,0200 0  -0,0045 0
60,0000 0,0125 - 0,0000 0 0,0211 0
& 0 0000
© 10000
5 _€ 01000
"0 0010 0, (3.43)
go 00010
€ 0 0001
©0,0377 0 - 0,0001 0 0
g 0O 0 0 -0.0001 0,0001 (
H g 0 0 0,0927 0 0 O
& 0 0 01237 0 0 O (3.44)
g 0 0 0,0062 0 0 0
60,035 0 0 0 0 O

SOC sCOLOdMs o hj, 3 H j dz ¢ ddej 301
Mz YOO, EEwedln wo dzw jJIsmw EZftcOo dzw j dzsh- 1 ¢
Mz Hso Odzd j B3 EZH tcOo dzv j di3sMmisd dBsH J dzdd-H d
ded " Ef 0o dv j Bsiisd dstsH | dided H of de® cisfsCf] dj
Hod>X jodzsifigf sdz' L 2] dgmdiB.7)zcteiQe dppfils(td Bp S 4 tgj-H
dzv s Isfmw o' w@4)id@M)dd v OL § O d dgojsks tBOL d
dztsfls+ 61 6 ,Bp Pi3jdi0ds tete{QLOd3j tedzts st 61 U0, Is
Misd ®BsH]d&d HdeEO RS d HJtdy O

U=[B, AB(A)B(A’B(A'B(AN B (3.45)
dqd3j jIs OL di3j edztsMmis! sSB B0 . BB 5] ssdgiz o e p

] SsHMIsOo dzww ydmdzj dedze” § L dzOy AH&B, d ¢ 54 ¥
Sty HI VY, dOf tMABIAB .| j I PEaES " ‘d202 H | d3,
6. JlsMerHO o Mtslke jlsmMisodd M Ctedlsjtodj o
Yylsts dsHj dz Hd dzO d3dCS d s BH djt&dsi@O B Hzif tc © oCdey o
oftsdzdzl Lk tcOo dzv j dddsog M dztsy j dzedd tcO

r dzw kftcOQodzw j di3sfisd HJtedy OB d&zv 9 B dzf
ted yr EftcOo dzv j &3sMmisd o teOL dzd ydzr = fig-j ) d
dzj dzdz’ | L dzOyjdedw EftcOQoedzve h doy dg'd dzL HI3!
90! MW HodYdIsj dzw &3d H d tcd y QEGEMR3. U, tshpo WG
SEEBEH | 6 O™ Lifaap e o A Ffd  dyty digNgze, s o
N.f ted tOL dzd ydzr » MEtstesMmiswrn d dzO0BdOL dzd y



81

Hise Odzd v  ffpld &2 Uipfve tHirplsddy g BTS20
(ftod dBOdzr 7 sIsC dztsdzj dzed ®r  f j
sdz L zj A3y .J § J izazsdg O d3 i Is tof Hsteiziz
B3 ktOo dzj ded W dgleldj & tf tc tf P O ezdzy

rdzv dm

B3O dz
2) )
& .

dzj
3
Y
dzj 2 dz

g
dzw ts
S

©
q

3]
ud dzd
o d
gy d i3" .

=&

v OB d&Zzd yo 3. 1
EftcQodzwes hdrn Mddz d hisd3j dzlstse
oofmtslsj d# 000

] 2Oy J ded v

g d dz' _ _ _ _
B dz V=10dim| V=15diMm| V = 22,22d3fn| V = 33,33d3M

564

1040

2460

5470

1.

2054

2980

3000

6410

N

0

0

0

0

x

0

0

0

0

143

188

1200

1 465

Z 22 m
<

N

68

/6

6

11

mls 52 y dfousrosts dzd dzj 2 dafs GHS] towf o) ¥ fakzd S 6 +
BMiso J dedz” 3 U dApdzO &t O G3@BB6 ¢4 yloff sozg'is Ofn
2 ﬂz@gsla fC’r{] fn sdgd] d3 44 JOI103CR) d. elzCidzd y dz" 2

Gdn

" T OGS

§=z30 "X 0T

fizh j Mmise j dedats

¢ otz ls W T

o dH

HsiZOyd dAd ¥ Stctefiylind ff sdzj Is O.
O AsBO I iy O MmtsB ) B s fs tzez] ks ) g ey ed@cf J
2O tsftej HJ dzj dadats 2
fel Oldncudg s d dz'
d mMetstesMmisd §sdzj sO.
B Mise j dedz’ ~ Ao d fifisdiseistatOisdnid  &f 'sfigeg ks ©
d tOL dzd ydzr =

fsdzj s O

v OB dZ8f2y ©

utsB Mo j dzdEsQls fjezOMEIs® 4000

V = 10 difn

V = 15 difn

V = 22,22d4fn

V = 33,33c%fm

10,0039 + 0,4415

10,0059 + 0,6622

10,0088 + 0,9809

10,0132 + 1,4714

10,0039i 0,4415i

1 0,00591 0,6622i

1 0,0088i 0,9809i

1-0,01321 1,4714i

0,0026 + 0,3587i

0,0038 + 0,581

0,0057 + 0,7971i

0,0085 + 1,1957i

0,00261 0,3587i

0,0038i 0,5381i

0,00571 0,7971i

0,00851 1,1957i

0

0

0

0

0

0

0

0

9", 966 PF <
dL d3j dz¥
[ dB2 L dEPadzv H
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J HJ dz&". AMdOomBIEE]. 12, yYlsts HodyJj ded

wa o fsdzjlsO o Mol jjkthis® d(d
dzj zfMlss2 ydotsmlsd s fjtcots
o zd . Clsts B Iz MdARafdejddzto deCdzdL wgQ)
J2 tsdzjlsO0 Ctstedzj 2 M Gflsidesy dIsj dz

w SN
L= =
§ @ NI11T

Z3z3aadeoaaa bReRoao2a ¢| 3adaea¥YRaoa o9c¢

Sfslso jIsMisaedd M §cdzizyj dds?2 t©O0dgi-i &
Hj2MmMlseadw:

i Jj OtcdL 59 Ols BE 6 sy d3sdsd@ dzjsDdzEds dH o
CtOf)j tMC 82 MCBLamis: &

iftetseo jMisd OdOdzdL EftcOo dzv j d3tsMisdj -d k-
OtcttpLOdzdzts 2 iBsH j dzd ;

i s tojdHsj'dz L dzgOyj dedwv LkftcOQodzvws hdr Mmddz
HdzZw EZHjtey OdedY tocsBtslsO dzO L OH Odzdets?2 Istc O

®x = W G e

T

-
8-3*
L o

fo

3.4. toocafYRroRBOFoaryd 3ay)jdteasR 3 09:
eRJ a gNratlab

vsddzsjL Cf@HX@EBJydzsets tjeokzdzwiststcO B
dzd dzj O@dpdetsas LZtwOo dzj dzd W o3 § d dzj BOId ¢ ¢ - dzO
L Zdz' IsOls jB EHmdjdels jiLtalzz yj dzO L O9 d i d d3ts fidz- [z t
stseo Bls M HBifisyj.2 HJtc

[ OMMBBOtedo O sM¥ BOBYROSEG) J O 1 dgHH
dzj 2-G#sOH tc Olsd ydese s tcj ¢ HApEw, Is SiplOs  {f doty A df bshdzc
Moztse dzj dedz’ § o dzj h dzd d3d M JREZOAEIQ S EODCHz: to Qilfsk
tcdo O sfyw  Istsdz! Ct5 Iz tc O jdkj lekisfth Is @ ¢ iz Az & dzv
odzj Ndzd 3 o BB e Pdedlzruds ¢ dzl® dzéte. © o dzj diadd] d3O(J 3s.
o dH

% =My Ax M, B E. (3.45)

L teOo dzV j " B § jtej g dzdz" i3 H Jted >y OB dzV¥
oMy dzddzj2dzr j] d Ecedztser j MmMEtstetsMmisd HJted
dd3d 4Is odH

y=Cx +DF, (3.46)

I gH d dzd Y dzO ™ BOIs tc f ¥ @ 6; tOOIL digg dedas®is BOIs

¢
L
Ajazt s EZftcOo dzj ded W W o dfigWisds'dzdrda] 2xEztsdad Jl
d, ftojHMmisOo dzj dzdzts 2 2O S te yff .5 oMW 5y s
fnw Ooj dimf j o3, ( @. GZApBE®WOo dzj dedW B3 . ( 3. 42)
[fzsodzr | § OO ster HJdBINWE dov : i etk

dzd J U delsim® d 80 315 4  ; d3ts d3§ dels T d d
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J,=235700,J, =579800), =4532(C &3 { tc dofpjtogde” j | og@fpm),
|, 4,45m, |, 9,450 1, 90,3, |1, 0,19, 1, 2,87,.

UBEHO ddcd(U@. 5) st H ] td8 Qilsjnded jndizj H

6936 0 0 0 0 7950
g 0 12985 O 0 0 0
" €0 0 7685 - 7950 0 0
0_2 0 0 -7950 306410 O 0 . (3.47)
g 0 0 0 0 689962 O
67950 0 0 0 0 847484

| ddzj B ez@Hstef ydzr 2 tojcekdzwistste Mddalsj L dclz
BsHjdzd (3.45), (3. 456)d2d WddzRdydddsLdzPisllz jC 1<
J=pxQx +l Ru 2% N (3.48)

CHPRNI B3OIstedy"r o jMsodsBoCtL WW¥dyd,
v mMddzsjL O toj ¢k dzv s ts tchdatlab s M s e t© @ g3df
f tc j H MdeBR dzjlzd ¥ j .
[ disd dz¢ § tetsc te O dRd-S offAfHESE) la Oy drttstedy taijtss b

clearall;% o2yo2368dR Y3ag €a3asa0a8afg

clc % o2yo2368dR 1 d3RaR

% bReRaoa 9Re302G6 af hadeR

Ad=[0 60.0133000915.78750; 000 5.8635 0 87.157; 0.0036 80.0708

00.0016 0 13.4915 0; 0.0048 60.0945 -0.0022 0 60.0899 0; 0.0433 60.0048

00.02 0 60.0045 0; 0 0.0125 0 0 0.0211 0J;

Bd=eye(6,6);

Cd=eye(6,6);

Dd=zeros(6,6);

MO=[5936 0000 7950; 0 12985000 0; 0 0 7685 -7950 0 0; 0 0 0 87950

306410 0; 0 0 0 0 689962 0; 7950 0 0 0 0 847484];

% 3abeRa0a0 98eado vo2303pDRfdt Y Yoea- ) 3R\
t oot

sys_dir=ss(MO”( -1)*Ad,M0*( -1)*Bd,Cd,Dd);

% bReRazdzedm»Yhg 9Re6326 dJoadecgoaaRAdR dRyasza’
Q1=[100000;010000;001000;000100;000010;,00000 1];
R1=[100000;010000;001000;000100;000010;00000 1];
N1=zeros(6,6);

% aRgepneasadsza detddocowmpdb¥apsROdasaot 3a
[K1,S1,E1] = LQR(sys_dir,Q1,R1,N1);

% 3aobeRa0a0 98oeado 32368090 J e3RYdasaot eo2
sys_dir 1=ss(M0”(d1)*Ad-M0"(961)*Bd*K1,M07(d1)*Bd,Cd,Dd);

% €3a39263 3ab)jdi eReaY 9avados3za¥YRaot



84

ltiview( 'step’,sys_dirl);

Il ftedoeojH | dzdzsd3 dzd Mmlis d dzG gizd dHzgz? dzig & L0 dzg
tcdyOBdzv o o9dH] ktcOo dzj dzd B odz! L jt5® jCigg .
ss GCtltster 2 MesdHOjKE3sBbB)GCIS(3.46) H-1td
dzr i3 § Ot Od3] Istc Geydo dvfs JltdiVls SEOIs ' toj @&OIsteo
Isj dz dzts L OHO&GOVIsZE] yJjteJL L

] COyj Moy d&BOIstedy o jMmMse' n St ¥WWdJdyd
BOIsted Y d ®BHAdO dlzdjsOw. [ B 103Q s @ 3 Wy Is §
dzd ydzs2, O St WW QYd 3gzlde™ &« Qe y-tsHJ dm
ftedH Oded W Iste] B E@ESRELLIS o shdifisle] & .

[ jtcQdstsiglzh jMlsodzw jIs dzORtsyHjdzedd dqod Cls
dzj dzdv W Klzdz2v"BsEOSY ] 99" HOJjJIs tj "Sldzdffy |
mMtseMmlse jdzdz" | ydmdzO L OBE dzzlsts?2 MdmB4 d3" .
H Odzdzts 32 ¢ tefhls pft@igjtj Ik Gdud H

u= Kx. (3.49)

[ dzv dimmdzj Hiso Odzed v a Oze ez s @Az d fipts i W30
LOBSC dzgzIsts?2 MmdMmisj d&3r EZftcOodzj dzgd™¥ HJtped >y OB
tc Ols e MistctsW Ismw  f jtoj = SH ¢zr £ OF @t Q@ IO tel dsh
Or antsHO dz0 S 1OQfHERBRPtE,SHAZO td®. tc JOQoyd i j
oBGEts o' o 5H X)) ( dAEfigudEjIs>» M OYUs s de@ ) gstc o |
LOBj IsdIs! |, Yylsts otcj 3w f jtoj - tSH detiseas ) s
SCskZBO0OBO0OM. Clts Bl Widaw j sfw  BBOdz" jsd L «
Mo c?2 BOBEyYrjj Isj ¢ kzhg jdf lst=lmd yfg saffigls o j dz
L OGS delzlsts2 Md milsj 3" Bdzjfdye QeCiajjdid ¥ HJtdy O

E1 = 10.0002125 + 0.0001326i

10.0002125 0.0001326i
10.0001684
10.0001299
10.0000283
10.0000018
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eeeeeeeee

t B2l jtejratsHde 2 Htesyjmm 5 jtcoct
stesdzy dBOdZ' = L dz2OyJ dzd?2 MmMtseBMmise j dzdz" = 1
fsmdzj Hdzdr YdMdzO dz2O0 YBEGWHEBE d dz®- Ho C
flse § daflg]lz. y
Il 1?2 MewiLd keojdazdydBZQhtei W ¥ ¢ y @ ghdzlsE
L 5d3:

80 0 0 0 0 O
€0 10 0 0 0 0
60 010 0 0 O

%% 0 010 0 o0

2000010000
60 0 0 0O 0 1000

USGHO MtseMmise jdzdz" § ydmdzO L Od3C dzlz Ists2
E1 =10.0006520
10.006414
10.00083491 + 00001L377i
10.000349171 0.0000L377i
10.0000502
10.0000B74
I'dHdigs e fMilse j dzdz” § udmdzO ko j dzd3yd dzq
tOL O, fteduj i3 oi3dded BBOdz! datsj L dzOyJedddid H J
oty @3 fjtjrnBHA n~ JsyjmMmse, ki@ ydd
dcRsy dzts L d3j dgv Is HOdzy J Q@ tiWisitsdsy d Jjtgedzlz vogd
d B4 ojte BBBHEE »~ fsyj MMse.
1 OftedBd 6, ftod BOLIYJ
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@800 0 0 0 O
€0 300 0 0 0
60 0 300 0 O
%€ 0 0 300 o
€0 0 0 0 90000 O

e
g0 0 0 0 0 90000

My jSlkte LOBS dezlss?2 MmdMlsj &g ©Os j dz
E1= 10.0039
70.0030
10.0014 + 0.0002i
{0.0014i 0.0002i
70.0003
i 0.0004
lJtejdg" fjtejritsHd & ftsyjmMmMce508 fj s
£ OL Odgs dz@ tdfy. 3. 3.

o O O O

Am plitude
To: Out{1)

{831 jtejnsHd 2 Jesyd MM fed ko j dzd ud
BEe d W

1 sdzj ] §oHtetsBdes Mddalsj L dzd dzd 2 dz" =~ t6j

cLf O rAfls Od3d d totsB sdEntsly BOABe) ¢ d dsd

3.5. €3aadeoaa bReRagdRek Rse o y pdotgcascsaRey o

[ dzv dzd dzj Otcd L 50 Odzdets?2 o HBdz2 ff toW dsts dzd dz
sO fttse j Misd HfdpdisjtaO |sdrduiiEdazisOe j 6d MY s dz! 1
Matlab. RL 3ilsivdfrajpdp@® o " n S S@®W H dgq ) d 5 dz0 dzO  (
dmlstesdIs! tc olf @ dztils sB tc OL tsd3, Ylstspr o tcj d3
fs omMjd3 COdZOzZOA3 B'M dzts fJtedBdzdL dIsj dz' dzts
Istcj BtsSo Odfede B dAsE 5 tisSB SISO,
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3.6. toeecab -zxaxdodtcemmeadds® 3R
[ JsH { tstisdieya]jSdsdadt tz® g tdz) dzd v § S GloQ@dydiz’ c

[18] f 5L o sz j Is

Mddals j L Jtetse Ols

O dzzdse)d fisSo3s 2

g Mmsj B2 dz0 WAL | &ilzs ¢ dfnded dzjlzs 2 B H j dzd
IEHjdB fdk0ecOls! , vyt §shlssY dded dedzs tc

B dz i M
Ftc©Oo dzj dzd W H
BO EftcOo dzj dz
dzj ded™w Hod¥J

F

swdzdzr = 9t o34 dzd

Hdted ¥ OB dzw

9dcOlsjdzj?2 o thdtso dets? | & 5 dzls
dv MmMddzsjLdekzjilsmMw 5 EBtcOs d

egrfj oy dgdditdsd ¥o@f H

L= M (My(F ) ya), (3.50
e ATy
, - o, o
*9AA)(AA)y §TX, TV
8 e H
eM* (1) M*12 M*L3 MLy M (1P
M2 M2 MH24 MH(25 MY(2p
M, =M *(4,) M*(43 M*44 M (45 M'(4p
M(51) M523 M54 MY55 M(5p
gMi(6) Mi(63 M6 M6l M(6p
eM* (1) M*(12 M*13 MLy M(Lh MY 1p
M(21) M2 MH23 M2 M2 M (26
My=eM™*(41) M*(423 M543 M43 M'(4ap M 4)p
M50 M52 M*53 M¥5F M55 M58
M6 M6 MH(63 M6 MI6F Mok
gy -arctan(AY #) arcta\y )
Yo % uki(y, ¥) - a (3.51)
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clear all
clc
close all

% | nitial conditions of airship dynamical equations

x_vec=[0;0;0;0;0;0];

% Initial conditions of the equations of airship kinema t-
icS

y _vec=[0;2000;0;0.5;0.01,0];

% Initial conditions of the equations of actuators
delta_vec=[40;0;40;0;200;0;0;200;0;0];

% Initi  al conditions of estimator

z_est=[0;0;0;0;0;0];

% current vector of vars we integrate
all_vars vec 0 =[y vec;x vec;delta vec;z_est];

% integration procedure options
options = odeset( '‘RelTol" ,1e -3, 'AbsTol" ,ones(28,1)*1e -
3);

% start and finish time
t start =0;
t end = 20;

% estimator parameters
L 11=1;
L=diag([L_11:L 11:L_11;L 11:L 11;L_11]);

%volume of airship
Vobol=4300;

[t1,x1]=0ded5( fun_dir' J[t_startt_end],
all_vars_vec_0,options,L,Vobol);

figure(1); hold on; grid on; plot(t1,x1(:,2));
figure(2); hold on; grid on; plot(x1(:,1),x1(:,3));
figure(3); hold on; grid on; plot(t1,x1(:,7:12));
figure(4); hold on; grid on; plot(t1,x1(:,13:22));
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A O2o0deW 2 dz€ fyn[dirmd d3j J Is o dH
function y=fun_dir(t,x,flag,L,Vobol)
% X coordinate
x0=x(1);

% y coordinate

y0=x(2);

% z coordinate

z0=x(3);

% yaw angle

psi=x(4);

% pitch

upsilon= x(5);

% angle of roll

gamma=x(6);

% X component of the linear velocity
Vx=x(7);

% Y component of the linear velocity
Vy=x(8);

% Z component of the linear velocity
Vz=x(9);

% X component of the angular velocity
wx=x(10);

% Y component of the angular velocit y
wy=x(11);

% Z component of the angular velocity
wz=x(12);

% force of the first main drive
P1=x(13);

% angle of the first main drive
alphal=x(14);

% force of the second main drive
P2=x(15);

% angle of the second main drive
alpha2=x(16);

% force of the fir st tail drive
P3=x(17);

% vertical angle of the first tail drive
alpha3=x(18);

% horizontal angle of the first tail drive
beta3=x(19);

% force of the second tail drive
P4=x(20);

% vertical angle of the secondtail drive
alpha4=x(21);

% horizontal angle of t he secondtail drive
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betad=x(22),

% estimator variables
z_est(1,1)=x(23);
z_est(2,1)=x(24);
z_est(3,1)=x(25);
z_est(4,1)=x(26);
z_est(5,1)=x(27);
z_est(6,1)=x(28);

% additional vectors
x_vec=[Vx;Vy;Vz,wx,wy;wz];
V_vec=[Vx; Vy, Vz],
omega_vec=[wx; wy; wz];
angles_vec=[psi;upsilon;,gammalj;

%p-----nmnnn-- Kinematics equations =~ ------------------

A = [cos(upsilon)*cos(psi), sin(upsilon),
cos(upsilon)*sin(psi);

- sin(gamma)*sin(psi) -
cos(gamma)*cos(psi)*sin(upsilon),
cos(gamma)*cos(upsilon) , cos(psi)*sin(gamma)
cos(gamma)*sin(upsilon)*sin(psi);

cos(psi)*sin(gamma)*sin(upsilon) -
cos(gamma)*sin(psi), - cos(upsilon)*sin(gamma),
cos(gamma)*cos(psi) + sin(gamma)*sin(upsilon)*sin(psi)];

Aw = [0, cos(gamma)/cos(upsilon) -
sin(gamma )/cos(upsilon);
0, sin(gamma) , cos(gamma)
1, -cos(gamma)*tan(upsilon) |,
sin(gamma)*tan(upsilon) |;
y_kin=[A' zeros(3,3);
zeros(3,3) Aw]*[V_vec;omega vec];

%p------------ Dynamics equations = -------------
% ballonets pressure
dP_b=[500;500];

% added mass matrix
lambdal=lambda ii(y0,dP_b);
lambda=zeros(6,6);
lambda(1,1)=lambdal(1,1);
lambda(2,2)=lambdal(1,2);
lambda(3,3)=lambdal(l,3);
lambda(4,4)=lambdal(1,4);
lambda(5,5)=lambdal(1,5);
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lambda(6,6) =lambdal(1,6);
% inertia matrix and its elements
J_m=J(y0,dP_b);
Jx=J_m(1,1);
Jxy=J m(1,2);
Jxz=J _m(1,3);
Jy=J _m(2,2);
Jyz=J m(2,3);
Jz=J m(3,3);
% vector of the center of mass coordinates and the coo
dinates
r_m=r(y0);
xT=r_m(1);
yT=r_m(2);
zT=r_m(3);
% airship inertia matrix
= [m(y0,dP_b)+lambda(1,1) , 0 , 0
, 0 , m(y0,dP_b)*zT :
m(y0,dP_b)*yT;
0 , m(y0,dP_b)+lambda(2,2), 0
, -m(y0,d P_b)*zT , 0 ,
m(y0,dP_Db)*xT ;
0 , 0
m(y0,dP b)+|ambda(3 3), m(yO dP b)*yT :
m(y0,dP_Db)*xT , 0 ;

0 : - m(y0,dP_b)*zT
m(y0,dP b)*yT , Jx+lambda(4,4) :
, -JIXz

m(yoO, dP b)*zT , 0 :
m(y0,dP_b)*xT : - Jxy :
Jy+lambda(5,5) : - Jyz ;

-m(y0,d P_b)*yT , m(y0,dP_Db)*xT , 0
, - JXZ , - Jyz ,

Jz+lambda(6,6)];
% Determination of air speed
Vwx1=3; Vwy1=0; Vwz1=0;
Vw_vec = (A")\( - 1)*[Vwx1; Vwyl,; Vwzl];
Vwx=Vw_vec(1);
Vwy=Vw_vec(2 );
Vwz=Vw_vec(3);
V_air=((Vx - Vwx)"2+(Vy - Vwy)"2+(Vz - Vwz)"2)"(0.5);
if (V_air>0)
beta=asin((Vz - Vwz)/V_air);
if (Vy - Vwy==0&&Vx- Vwx==0)
alpha=0;

- Ixy
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else
alpha= - asin((Vy - Vwy)/V_air/cos(beta));
end

else

alpha=0;

beta=0;
end
% cal culation of aerodynamic coefficients
c_vec=aerodyn_coeff(V_air,alpha,beta,wx,wy,wz);
cx=c_vec(1);
cy=c_vec(2);
cz=c_vec(3);
mx=c_vec(4);
my=c_vec(b);
mz=c_vec(6);
% airship characteristic area
s=Vobol*(2/3);
L_dir=41;
x12=0; x34= - 21.63;
y12=0; y34=0;
z1=-10.7; z3= -4.1;

% The universal gas constant

R=8.31;

% Acceleration of gravity

0=9.807;

P0=101000;

mu_air0=0.029;

T0=293;

% Air density at a given height

mu_air=mu_air0*P0*exp( - mu_air0*g*y0/(R*(TO -
0.0065*y0)))/(R*(TO - 0.0065*y0));

% The components of the dynamic forces and moments
F_dl1=- m(y0,dP_b)*(wy*Vz - Vy*wz+yT*wx*wy+zT*wx*wz -
XT*(wy"2+wz”2)) - Vx*(lambda(3,1)*wy - lambda(2,1)*wz) -
Vy*(lambda(3,2)*wy - lambda(2,2)*wz) - Vz*(lambda(3,3)*wy
lambda(2,3)*wz) - ...

wx*(lambda(3,4)*wy - lambda(2,4)*wz) -
wy*(lambda(3,5)* wy- lambda(2,5)*wz) - wz*(lambda(3,6)*wy
lambda(2,6)*wz) -
0.5*cx*s*mu_air*V_air+40*(cos(alphal)+cos(alpha2));

F_d2=- m(y0,dP_b)*(Vx*wz - VZ*wx+xT*wx*wy -
yT*(wx 2+wz 2)+zT*wy*wz)+Vx*(lambda(1,1)*wz -
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lambda(3,1)*wx)+Vy*(lambda(1,2)*wz -
lambda(3,2)*wx)+Vz*(lambda(1,3 )*wz - lambda(3,3)*wx)+
wx*(lambda(1,4)*wz -
lambda(3,4)*wx)+wy*(lambda(1,5)*wz -
lambda(3,5)*wx)+wz*(lambda(1,5)*wz -
lam b-
da(3,6)*wx)+0.5*cy*s*mu_air*V_air+40*(sin(alphal)+sin(alp
ha2));

F _d3=-m(y0,dP_b)*( - VX*wy+Vy*wx+xT*wx*wz+yT*wy*wz -
zZT*(wx"2+wyn2))+Vx*  (lambda(2,1)*wx -
lambda(1,1)*wy)+Vy*(lambda(2,2)*wx
lambda(1,2)*wy)+Vz*(lambda(2,3)*wx
wx*(lambda(2,4)*wx -
lambda(1,4)*wy)+wy*(lambda(2,5)*wx -
lambda(1,5)*wy)+wz*(lambda(2,6)*wx -
lambda(1,6)*wy)+0.5*cz*s*mu_air*V_air;

lambda(1,3)*wy) - ...

F_d4=wx*(Ixz*wy - Ixy*wz)+Jyz*(wy"2  -wz"2)+(Jy - Jz)*wy*wz

m(y0,dP_b)*( - yT*VX*wy+yT*Vy*wx - zT*VX*wz+zT*Vz*wx) -

Vx*(lambda(6,1)*wy - lambda(5,1)*wz) - Vy*(lambda(6,2)*wy

lambda(5,2)*wz) - Vz*(lambda(6,3)*wy - lambda(5,3)*wz) - ...
wx*(lambda(6,4)*wy - lambda(5,4)*wz) -

wy*(lambda(6,5)*wy - | ambda(5,5)*wz) - wz*(lambda(6,6)*wy

lam b-

da(5,6)*wz)+0.5*mx*s*L_dirrmu_air*V_air+40*z1*(sin(alpha2

) - sin(alphal));

F_dS=wy*(Ixy*wz - Jyz*wx)+JIxz*(wz"2 - wx"2)+(Jz - IX)*wx*wz
m(y0,dP_b)*(xT*Vx*wy - XT*Vy*wx - zT*Vy*wz+zT*Vz*wy) -
Vx*(lambda(4,1)*wz - lambda(6,1)*wx) - Vy*(I ambda(4,2)*wz
lambda(6,2)*wx) - Vz*(lambda(4,3)*wz - lambda(6,3)*wx) - ...

wx*(lambda(4,4)*wz - lambda(6,4)*wx) -
wy*(lambda(4,5)*wz - lambda(6,5)*wx) - wz*(lambda(4,6)*wz
lam b-

da(6,6)*wx)+0.5*my*s*L_dirrmu_air*V_air+40*z1*(cos(alphal
) - cos(alpha?));

F_d6=wz*(Jyz*wx - JIXz*wy)+JIxy*(wx"2 - wy"2)+(Ix - Jy)*wx*wy
m(y0,dP_b)*(xT*Vx*wz - XT*VZ*Wx+yT*Vy*wz - yT*VzZ*wy) -
Vx*(lambda(5,1)*wx - lambda(4,1)*wy) - Vy*(lambda(5,2)*wx
lambda(4,2)*wy) - Vz*(lambda(5,3)*wx - lambda(4,3)*wy) - ...

wx*(lambda(5,4)*wx - lambda(4,4)*wy) -
wy*(lambda(5,5)*wx - | ambda(4,5)*wy) - wz*(lambda(5,6)*wx
lam b-
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da(4,6)*wy)+0.5*mz*s*L_dir‘rmu_air*V_air+40*x12*(sin(alpha
1)+sin(alpha2)) - 40*y12*(cos(alphal)+cos(alpha2));

% vector of dynamic forces and moments

F d=[F_d1;F d2; F_d3; F _d4; F_d5; F_d6];

% component of the gravitati onal force

Gx=- sin(upsilon)*m(y0,dP_b)*g;

Gy=- cos(upsilon)*cos(gamma)*m(y0,dP_b)*g;
Gz=cos(upsilon)*sin(gamma)*m(y0,dP_b)*g;

% components of moment of the gravitational force
Ngx=(cos(upsilon)*cos(gamma)*zT+cos(upsilon)*sin(gamma)*y
T)*m(y0,dP_b)*g;

Ngy=(co s(upsilon)*sin(gamma)*xT -
sin(upsilon)*zT)*m(y0,dP_b)*g;

Ngz=(sin(upsilon)*yT -
cos(upsilon)*cos(gamma)*xT)*m(y0,dP_b)*g;

% Archimedes force components
Ax=sin(upsilon)*mu_air*g*Vobol,
Ay=cos(upsilon)*cos(gamma)*mu_air*g*Vobol,

Az=- cos(upsilon)*sin(gamma)*mu_a irg*Vobol,

% the vector of external forces
F_v=[Gx+AXx; Gy+Ay; Gz+Az; Ngx; Ngy; Ngz];
disturbance=[0;0;0;0;0;0];

% calculation of control forces and moments
Fconx=P1*cos(alphal)+P2*cos(alpha2)+P3*cos(alpha3)*cos(be
ta3)+P4*cos(alphad)*cos(betad);

Fco-
ny=P1*sin(alphal)+P2*sin(alpha2)+P3*sin(alpha3)+P4*sin(al
pha4);
Fconz=P3*cos(alpha3)*sin(beta3)+P4*cos(alpha4)*sin(beta4)

Nconx=z1*(P2*sin(alpha2) -
P1*sin(alphal))+y34*(P3*cos(alpha3)*sin(beta3)+P4*cos(alp
ha4)*sin(beta4))+z3*(P4*sin(alpha4) - P3*sin(alpha?d));
Ncony=z1*(P1*cos(alphal) - P2*cos(alpha?)) -
x34*(P3*cos(alpha3)*sin(beta3)+P4*cos(alpha4)*sin(beta4))
+z3*(P3*cos(beta3)*cos(alpha3) -
P4*cos(betad)*cos(alphad));
Nconz=x12*(P1*sin(alphal)+P2*sin(alpha2)) -
y12*(P1*cos(alphal)+P2*cos(alpha2))+x34*(P3*sin(alpha3)+P
4*sin(alpha4)) -
y34*(P3*cos(alpha3)*cos(beta3)+P4*cos(alphad)*cos(betad))
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% formation of the output vector
F_con=[Fconx; Fcony; Fconz; Nconx; Ncony; Nconz];

y_dyn=M?( - 1)*(F_d+F_v+F_con+disturbance);

%f------------------ Regulator — -------------ememeee -
angles_vec_dt=Aw*omega_vec;
dAw=[0, -

sin(gamma)*angles_vec_dt(3)/cos(upsilon)+cos(gamma)/cos(u
psilon)*2*sin(upsilon)*angles_vec_dt(2), -
cos(gamma)*angles_vec_dt(3)/cos(upsilon) -
sin(gamma)/cos(upsilon)*2*sin(upsilon)*angles_vec_dt(2);

0, cos(gamma) *angles_vec_dt(3), -
sin(gamma)*angles_vec_dt(3);

0, sin(gamma)*angles_vec dt(3)*tan(upS|Ion)
cos(gamma)*(1+tan(upsilon)*2)*angles_vec_dt(2),
cos(gamma)*angles_vec_dt(3)*tan(upsilon)+sin(gamma)*(1+ta
n(upsilon)*2)*angles_vec_dt(2)];

=[100;0 10;001];
al61=- 2000;
upsilon_0= - 0.001*(y0O+al6l);
if  (upsilon_0>0.1)
upsilon_0=0.1,
elseif (upsilon_0< -0.1)
upsilon_ 0= -0.1;
end

% positioning coefficients
xc= - 5000;
zc=- 5000;

% references for speeds
vk=10;

psi_0l=atan2((zc -20),(xc  -x0)) -atan 2(Vz,Vx);

if (psi -psi_01< - pi)
psi_01=psi 01 - 2*pi;

end;

if (psi - psi_01>pi)
psi_01=psi_01+2*pi;

end;
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psi_O=psi+(psi_01 - psi)/20;
gamma_0=0;

alpha0=0.1*3.14/180;
if (VX - Vwx>7)

alpha0=(2.044e - 005*(VX - Vwx)"5 - 0.001068*(VXx -

Vwx)M+0.01869*(Vx - Vwx)"3 - 0.1204*(Vx
Vwx)+0.3561)*3.14/180;
elseif (Vx - Vwx>20)
alpha0=0.47*3.14/180;
end

Vy_0=-V_air*sin(alpha0)*cos(beta);

A3=[ -psi 0; -upsilon 0; - gamma_0];
A4=[10;01]:
A5=[ -vk; -Vy 0];

% path manifold
psi_tr=A2*angles _vec+A3 ;

for i=1:3
while (psi_tr(i) > pi)
psi_tr(i) = psi_tr(i) - 2*pi;
end
while (psi_tr(i) < - pi)
psi_tr(i) = psi_tr(i) + 2*pi;
end
end

% path manifold time derivative
psi_tr_dt=A2*Aw*omega_vec;

% speed manifold
X_vecl=[V x;Vy];
psi_v=A4*X vecl+A5;

% control coefficients

t11=0.05; t22=0.05;

T1 = [2*t11+2*t22 0 0; 0 2*t11+2*t22 0; 00
2*t11+2*t22];

T2 = [4*t11*t22 0 0; 0 4*t11*t22 0; 0 0 4*t11*t22]
t311=0.05; t322=0.05;

T3=[t311 0; 0 t322];

- VWX)"2+0.2082*(Vx
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% control

Minv=M"( - 1);

Mdv=[Minv(1,:); Minv(2,:); Minv(4,:); Minv(5,:);

Minv(6,:)];

Mcon=[Minv(1,1) Minv(1,2) Minv(1,4) Minv(1,5) Minv(1,6);
Minv(2,1) Minv(2,2) Minv(2,4) Minv(2,5) Minv(2,6);
Minv(4,1) Minv(4,2) Minv(4,4) Minv(4,5) Minv(4,6);
Minv(5,1) Minv(5,2) Mi nv(5,4) Minv(5,5) Minv(5,6);
Minv(6,1) Minv(6,2) Minv(6,4) Minv(6,5) Minv(6,6)];

psi_s=[A4" - 1)*T3*psi_v; (A2*Aw)"\( -

D*(A2*dAw*omega_vec+T2*psi_tr+T1*psi_tr_dt)];

F_est = L*M*x_vec+z_est;
F _con_reg= - Mcon”( - 1)*(Mdv*(F_d+F_v+F_est)+psi_s);

max_elec tro = 200;
max_main = 3000;

Fux=F con_reg(1);
Fuy=F_con_reg(2);
Nux=F_con_reg(3);
Nuy=F con_reg(4);
Nuz=F con_reg(b);

P31=max_electro; P41=P31; beta31=0; betad1=beta3l;

P3y=Nuz/2/x34;

if (abs(P3y)>P31)
P3y=P31*sign(P3y);

end

P3x=(P31"2 - P3y"2)(1/2);

P2x=(Fux - 2*P3x - Nuy/z1)/2;

P1x=Nuy/z1+P2x;

P2y=(Fuy - 2*P3y+Nux/z1)/2;

Ply=- Nux/z1+P2y;

P11=sqrt(P1x"2+P1ly”"2);

alphall=atan2(P1ly,P1x);

P21=sqrt(P2x"2+P2y"2),

alpha2l=atan2(P2y,P2x);

alpha3l=atan2(P3y,P3x);

alpha4l=alpha31;

% end forces distrubution

if (P11> max_main)
P1ll=max_main;
end;
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if (P21>max_main)
P21=max_main;

end;

if (P31>max_electro)
P31=max_electro;

end;

if (P41>max_electro)
P41=max_electro;

end;

u=[P11;alphall;P21;alpha21;P31;alpha31l;beta3l;P41;alpha4l

;betad1];

Uo------mmmmmm oo Madel of actuators ~ --------------—--

u22=- 5*x(2)+5*u(2);

if (abs(u22)>3.1415926/9)
u22=3.1415926/9*sign(u22);

end;

u44=- 5*x(4)+5*u(4);

if (abs(u44)>3.1415926/9)
u44=3.1415926/9*sign(u44);

end;

u66=- 5*x(6)+5*u(6);

if (abs(u66)>3.1415926/9)
u66=3.14159 26/9*sign(u66);

end;

u77=- 5*x(7)+5*u(7);

if (abs(u77)>3.1415926/9)
u77=3.1415926/9*sign(u77);

end;

u99=- 5*x(9)+5*u(9);

if (abs(u99)>3.1415926/9)
u99=3.1415926/9*sign(u99);

end;

ul010=- 5*x(10)+5*u(10);

if (abs(u1010)>3.1415926/9)
ul010=3.1415926/9* sign(ul010);

end;

y_actuator(1,1)= - 5*P1+5*u(l);
y_actuator(2,1)=u22;
y_actuator(3,1)= - 5*P2+5*u(3);
y_actuator(4,1)=u44;
y_actuator(5,1)= - 5*P3+5*u(5);

y_actuator(6,1)=u66;
y_actuator(7,1)=u77;
y_actuator(8,1)= - 5*P4+5*U(8);
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y_actuator(9,1)=u99;
y_actuator(10 ,1)=ul010;

Yo-------mm-mmmm- Estimator — ---------------msemmeeee-
y est= -L*z _est -L*L*M*x vec -L*(F_d+F_v+F _con);

y=[y_kin;y_dyn;y actuator;y_est];
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% dLd3j o] dzdd C SxDteH d dzOIsT

x0=y vec(l) - 1*5.0*sin(0.03*tk);

% dqL i3t dzgdy & SydteH d dzOIs”

yO=y_vec(2)+1*5.0*sin(0.035*tk+1);

% dqL i3 e dzgdy & sDeH d dzOIs”

z0=y vec(3)+1*5.0*sin(0.025*tk+1);

% dLdBzi ey dzdd EZedzO tr ¢ Odz' W

psi= y_vec(4)+1*0.3*3.14/180.0*sin(0.02*tk - 0.5);

% dqLBJ ] dzdd EZedzO IsOdc Oy O

upsilon=y_vec(5)+1*0.5*3.14/180.0*sin(0.02*tk+0.5);

% dqLBJ ] dzdd EZedzO OBOCd

gamma=y_vec(6) - 1*0.3*3.14/180.0*sin(0.03*tk -0.2);

% X dLBjtejdd] ftosHtsd ds?2 MEstetshisd

Vx=x_vec (1) - 1*0.5* sin (0.032* tk +0.2);

% dLdisjtejdd] ojtlsdSC Odz des?2 ME stetsmis

Vy=x_vec(2)+1*0.2*sin(0.033*tk -0.1);

% dLdjtjdd) 6fjtejyds? mMSsteshlsd
Vz=x_vec(3) - 1*0.2*sin(0.023*tk - 0.4);

% dLBBJ ] dzd] ezt W MCtstesmisd
wx=x_vec(4)+1*0.0002*sin(0. 03*tk - 0.2);

% dLBjtejdd] kZedztsotwwy) MECstmisd

wy=x_vec(5)+1*0.0002*sin(0.03*tk+0.2);

% dLBjtejdd] kZedztsotmwz MCstmisd

wz=x_vec(6) -1*0.0002*sin(0.03*tk - 0.6);
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Simulator (mode of HIL modeling with telecommunication terminals)

File Edit Simulation HIL Modeling Control system Model 3-D Windows Help

Current mode

ent m l; start [l wf) Tim Parameters of the airship model...

Parameters of actuators...

Parameters of environment sensors...
Parameters of model of interfaces of actuators...
Parameters of navigation system...

Load new model of the airship...
Load new model of environment...

wind velocity (mps)

Viw |0 Mo |0 Naw |0
] wind gust
P. (atmospheric pressure) |101340 Pa
p (density of air) 1.22 Kg/m?
T (ambient temperature) 293 K
p (environmental humidity) |30 %
Cancel oK
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Vy (0) =0,

Myei (weight of helium) 708
R (gas constant) 831
Vsl (molecular mass of helium) |0.04
Vs (molecular mass of air) 0029
g (gravitational acceleration)  [9.807
T, (kemperature at a sea level) 293

P, (pressure at a sea level) 101340

Parameters of model of the airship

Kg

Vyo (envelope volume) 4590
Ylkmol) . (constant mass of the airship) [4258
ok Lo (length of the airship) 4
ook Sp (area of a surface of the airship)  |276.2

2
i Veu (volume of the airship ballonets) [1000
K
Coordinates of ballonets

Pa

Xoat |0 Yeal [0.84

Coordinates of the centre of volume of the airs|

e (0.08 Yo |-1.592
Airship envelope (m)
MS; (maximum width) |18.45

MAo (maximum height) [10.25
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