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"Waves follow our boat as we meander across the lake, and turbulent air currents follow our flight in a
modern jet. Mathematicians and physicists believe that an explanation for and the prediction of both the
breeze and the turbulence can be found through an understanding of solutions to the Navier-Stokes
equations. Although these equations were written down in the 19th Century, our understanding of them
remains minimal. The challenge is to make substantial progress toward a mathematical theory which will
unlock the secrets hidden in the Navier-Stokes equations The Navier-Stokes equations are also of great
interest in a purely mathematical sense. Somewhat surprisingly, given their wide range of practical uses,
mathematicians have not yet proven that in three dimensions solutions always exist (existence), or that if
they do exist they do not contain any infinities, singularities or discontinuities (smoothness). These are
called the Navier-Stokes existence and smoothness problems. The Clay Mathematics Institute has called this

one of the seven most important open problems in mathematics, and offered a $1,000,000 prize for a

solution or a counter-example”; http://en.wikipedia.org/wiki/Navier-Stokes equations

http://www.claymath.org/millennium/Navier-Stokes Equations/

Timisoara, mai 2008 Dorin Gheorghe Simoiu
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Rezumat,

Lucrarea cuprinde studii, teoretice si experimentale in
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1. INTRODUCERE

1.1. Problematica tezei

Satelitii care se folosesc in comunicatii se deplaseaza pe orbite in sincronism
cu miscarea pamantului, astfel incat o antena de transmitere sau de receptie a
undelor purtdtoare de semnal apare ca fiind in aceeasi pozitie fatd de satelit,
transmisia realizandu-se astfel in bune conditii. O antena larg utilizata la receptia

semnalelor TV este antena parabolicd (Fig.1.1.).
Sursa de radiatie

(Satelit)

Fig. 1.1. Ilustrarea principiului offset al antenei parabolice

Ea se compune din reflectorul parabolic 1, suportul LNC (Low Noise Convertor) 2, si
suportul 3 pentru reglarea azimutului. Undele transmise de satelit ajung la antena
parabolica paralele si sunt reflectate de suprafata parabolica in focarul F, unde este
plasat LNC. In vederea obtineri unui mare castig de semnal (pentru antena analizata
in cadrul tezei, Kathrein CAS 120, de 42.5 dBi la 12.50-12,75 GHz;), focarul F al
LNC-ului este deplasat fata de focarul Fp, cu unghiul 2a, a fiind unghiul de rotatie al
axei parabolei Ox in jurul axei orizontale OX. Pozitia focarului OF, sau lungimea
focala 2f respecta ecuatia parabolei in planul Oxy:

y2 —-4fx =0
pentru x=c, adancimea parabolei si y=D/2, D este diametrul antenei, rezulta
2
lungimea focala f =D—.
16¢
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8 Introducere - 1

Aceasta constructie a antenei de tip offset prezintda mari avantaje in ceea ce
priveste castigul de semnal receptionat, deoarece suportul 2 si corpul LNC-ului
umbresc mai putin calea undelor receptionate sau transmise.

Antena fiind plasata in aer liber apar perturbatii de natura mecanica, legate
de conditiile de mediu, ploaie si in special vant. Componentele antenei sunt structuri
elastice, care sub actiunea incarcarilor mecanice externe, statice si dinamice, se
deformeazd, aparand deviatii de la traseul undelor si in final deviatii ale undelor
reflectate catre focarul F. In consecinta fluxul energetic al undelor care ajung la LNC
scade si receptia este afectata.

Sub actiunea unei rafale de vant de viteza v(t) pe suprafata antenei
parabolice S, (Fig. 1.2.) apar forte datorate presiunii dinamice, ale caror
componente sunt in domeniul de frecventa 0 - 45 Hz.

Efectele dinamice care apar sunt complexe, implicand interactiunea dintre
fluid (vant) si structura, aparand efecte de rezonanta acordate cu frecventele
naturale ale antenei care sunt in domeniul de frecventd al excitatiei. Datorita
deformatiei structurii antenei un punct P, de pe suprafata antenei nedeformata S, se
deplaseaza la timpul t in pozitia variabild P. Vectorul constant np normal la

suprafata in punctul P, va deveni in punctul P vectorul n variabil in timp ca directie,
deci axa fixa de reflexie a undei in punctul P, de vector rp, care trece prin focarul

Fo corespunzator structurii nedeformate va devenii o axa variabild de reflexie a
undei de vector r care va fi de asemenea variabil.
yf

R Fig. 1.2. Devierea traseului undelor datorita incarcarilor externe

In acelasi timp focarul Fo se va deplasa in focarul F, LNC de asemenea fisi
schimba pozitia si axa de sensibilitate a senzorului pentru fluxul de unde.

In aceste conditii, o parte din undele reflectate nu ajung la senzorul plasat in
focar si castigul antenei scade afectandu-i performanta.

In vederea gasirii de solutii pentru reducerea vibratiei structurii antenei este
necesar sa se determine parametrii modali cu ajutorul testelor experimentale.
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1.2. - Structura tezei 9

1.2. Structura tezei

Lucrarea cuprinde 6 capitole si este structuratd dupa cum urmeaza.

Capitolul 1 prezintd structura tezei trecandu-se in revista principalele
probleme tratate pe larg in urmatoarele capitole. Este discutata si problema
castigului semnalului antenei parabolice care poate fi afectat negativ de vibratiile
relative dintre reflectorul antenei si suportul de fixare in focar al LNC-ului (Low Noise
Converter), vibratii induse de sarcinile din vant.

Capitolul 2 prgzinté aspectele privind sarcinile induse de curgerea fluidului
asupra unei structuri. In subcapitolul 2.1 sunt consideratii generale privind mecanica
fluidelor, evidentiindu-se ecuatiile care guverneazd curgerea fluidului. In
subcapitolul 2.2 este descrisa interactiunea fluidului cu structuri rigide. In
subcapitolul 2.3 este prezentata interactiunea fluidului cu structura elastica, efectul
autooscilant si efectul de galopare. In subcapitolul 2.4 este descrisda curgerea
nestationara, prezentandu-se miscarea turbulentd si doua din modelele de
turbulenta utilizate mai frecvent. .

Capitolul 3 prezinta dinamica interactiunii fluid structura elastica, In
subcapitolul 3.1 se prezinta ecuatiile care guverneaza miscarea fluidului si cele care
descriu miscarea structurii. In subcapitolul 3.2 se prezintd discretizarea structurii
elastice, discretizarea fluidului si racordarea retelei fluidului la reteaua structurii, de
asemenea sunt prezentate forme discrete ale ecuatiilor diferentiale ce guverneaza
interactiunea fluid structura.

Capitolul 4 contine simulari la diverse regimuri de vant pe diverse structuri
realizate cu diferite programe de element finit (ANSYS, CFX, COSMOS). In
subcapitolul 4.1 este prezentata curgerea peste un cilindru, simulare realizata in
plan (2D). In subcapitolul 4.2 este prezentata curgerea peste o placa, simularea
este realizata in 2D. In subcapitolul 4.3 este prezentata interactiunea fluid - solid -
pentru cazul curgerii peste un cilindru incastrat la ambele capete, simularea este
tridimensionala (3D). In subcapitolul 4.4. este prezentata curgerea peste antena
utilizdnd programul COSMOS, simularea este realizata in 2D. In subcapitolul 4.5. se
prezinta simulare pe antena a interactiunii fluid structura, cu ajutorul programului
ANSYS-CFX, simularea este realizata in 3D. .

Capitolul 5 prezinta cercetarile experimentale. In subcapitolul 5.1 sunt
prezentate cercetarile efectuate in laborator: verificarea geometrica a profilului
reflectorului parabolic, testarea dinamica structurala pe stand, masurarea fara
contact a vibratiilor dupa trei directii ortogonale, aplicata la reflectorul antenei,
testarea modald a structurii antenei pe stand. In subcapitolul 5.2 este prezentata
testarea antenei parabolice la rafale de vant in spatiu deschis, de asemenea sunt
prezentati senzorii bidirectionali de masurare a presiunii végtului si senzorii pentru
masurarea fortelor induse de vant pe structura antenei. In finalul capitolului se
prezinta rezultatele experimentale cu antena mobila.

In capitolul 6 sunt prezentate contributiile tezei.

In anexa din finalul tezei sunt prezentate programele pentru simuldrile
analizate in subcapitolul 4.5.
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2. ASPECTE PRIVIND SARCINILE INDUSE DE
CURGEREA FLUIDULUI ASUPRA UNEI
STRUCTURI OBSTACOL

Vantul este o componentd a circulatiei generale a atmosferei, este o
deplasare de mase mari de aer, deplasare ce se produce sub efectul diferentelor de
presiune barometrica care exista intre doua regiuni ale suprafetei terestre. Aceste
diferente se justifica, la randul lor prin faptul ca radiatiile solare nu incalzesc uniform
scoarta terestra. Sub efectul unor diferente de presiune masele de aer intra in
miscare si viteza cu care se deplaseaza depinde de gradientul de presiune. Marimea
si directia actiunii vantului este obtinuta de serviciile meteorologice din studiul
curbelor izobare (curbe de egald presiune atmosferica).

Vantul poseda energie cinetica in virtutea vitezei si masei aerului in miscare.
Un obstacol plasat in calea curgerii curentului de aer transforma energia cinetica de
miscare in energie potentiald de presiune. Intensitatea presiunilor in fiecare punct al
obstacolului depinde de forma obstacolului, unghiul de incidenta al vantului, viteza si
densitatea aerului si rigiditatea laterald a structurii. Forta totald, care rezultd din
sumarea algebrica a presiunilor pe fetele obstacolului, depinde evident si de
dimensiunile obiectului studiat.

2.1. Consideratii generale privind mecanica fluidelor

Miscarea unei particule de fluid, in cazul de fata aerul, de-a lungul unei linii
de curent L. (fig.2.1.), ce trece la momentul t printr-un punct P(xi,X2,x3), fix in

spatiu, are componentele vitezei absolute de curgere V fata de sistemul cartezian
OX1X2X3
_ dX,'

uj =—F (1=1,2,3) (2.1)
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2.1. - Consideratii generale privind mecanica fluidelor 11

M,

<l

= P'(x,+dx, X, +dx, X;+dX,) g
o (t+dt) /

dx
L 2

o

Fig 2.1. a)Ilustrarea deplasarii unei particule de fluid de-a lungul unei linii de curent
b) starea de tensiuni pe elementul infinitezimal de modelare a particulei de fluid
si, dupa metoda Euler, sunt functii atat de coordonatele x1, x2, si x3 ale punctului P
si de timp, astfel ca:
uj :Ui(Xl,XZ,X3,t) (’ :1/2/3) (22)
Din bilantul masei de fluid, ce intra prin fetele laterale ale paralelipipedului
elementar (Fig.2.1.a):

ZmA,- :Zpu,—dxldxzdx_—,»dt (2.3)
i i
si @ masei ce iese prin fetele opuse:

szi :Z[pui +%]dX1dX2dX3dt (2.4)
" I
i

]

pentru un fluid incompresibil - cum este aerul, la care densitatea fluidului p=ct, si
deci, dp/dt=0 - va rezulta ecuatia de continuitate:

Zau_,- —0 (2.5)
OX

Componentele vitezei V ale fluidului ce trece printr-un punct P’, de
coordonate xj;+dxi, X2+dxz, si x3+dxz se pot determina functie de componentele
vitezei V :

\/:i?ul +GU2 +IT'{U3 (2.6)
rezultdnd componentele:
Ui —uj + Max e My e Mgy (i -1,2,3) (2.7)
0X 1 0X 2 0X3

cu ajutorul carora, dupd o serie de manipuldri matematice, se ajunge la forma
vectoriala:
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12 Aspecte privind sarcinile induse de curgerea fluidului asupra unei structuri
obstacol - 2

V' =V +@ ><d?+grad¢> (2.8)
unde componentele vectorului vartej:
& = Lrotv (2.9)
2
au expresiile:
oy = L[Mz 2. Lfoug uz) o 1foup dup (2.10)
2\ dxy 0Ox3 2\ax3 Xy 2\ Xy X
Componentele vectorului ds sunt dxy,dx> si dxs, iar @ este o functie patratica:
1
(] :E(aﬂdxlz +322dX§ +a33dx§ +2aypdxydxy +2aj3dx1dx3 +2623dX2dX3) (2.11)
unde marimile:
ouq ou> ousz
aj; =—=, ayy =—=; azz =—, 2.12
11 =50 22 =55 3 =5 ( )
reprezintd vitezele de deformatie liniara, iar:
1(ou; ouj . .
ajj ==| —L+—L\|=aj;; ,j=1,2,3;i=# 2.13
ij 2[&j ox; ji ( J J) ( )

reprezentand vitezele de deformatie unghiularda. Forma patratica @(dx,dy,dz)
reprezinta functia de potential al vitezelor de deformatie.
Asupra elementului paralelipipedic infinitezimal de masa dm=pdx;.dxz.dxs
actioneaza urmatoarele forte:
e masicesdFmp =Fj.p.dxidxydxz; (i =1,2,3) (2.14)
e de suprafata, pe fetele paralelipipedului actionand forte,
a) normale pe suprafetele de intrare a fluidului:
anI-gl =O',','deka (i,j,k=1,2,3; j,k #i,j=#k (2.15)

b) normale pe suprafetele de iesire ale fluidului:

dFnf;2 =[o,-,- +a<)7(,-,- dx,-]dxjdxk (i, i k=123:j,k=i, jrk  (2.16)
i

0.
unde oj este tensiunea paraleld cu axa ox;, normala pe suprafata dreptunghiului de
intrare cu centru in punctul A;.

In plus, pentru un fluid real, vascos, se dezvolta tensiuni de legatura
tangentiale tij=cyj (i,j=1,2,3; i#j), care sunt proportionale cu vitezele de deformatie
unghiulare:

Tjj =0 =2naj | *j (2.17)

rezultand fortele tangentiale de suprafata

c) laintrare pe fetele cu centrele in A;:

dFtI.J(.l —ojdxjjdx  (i,5,k =1,2,3; j,k #i, j #k (2.18)

si:

d) la iesire pe fetele opuse cu centrele in B;, pentru

care tensiunile tangentiale de pe aceste fete sunt

aproximate prin:

’ r 80',_] 3

Tjj =0jj =|0j5 + ax; j =k (2.19)

OXj
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2.1. - Consideratii generale privind mecanica fluidelor 13

iar fortele tangentiale de suprafata:

drt(? =|o;; L 2% dx; ldxidxy (i,j, k =1,2,3; j, k #i, j #k) (2.20)
U T ax J

I

insumand toate fortele elementare de suprafatd ce actioneazd asupra
paralelipipedului se obtin componentele rezultantei fortelor elementare de
suprafata:

" oo ;i .
dFs; =| 290 OI OOk e dxodxs (i, j k =1,2,3; J,k #i, § #k) (2.21)
OXj 0X j OX
Echilibrul dinamic al particulei elementare este dat prin legea lui Newton:
dma =dFm +dFs (2.22)
unde vectorul acceleratie:
- av v % 3% 5%
T T Mg Y2 T i
“ 1 2 3 (2.23)
2 -
= v +grad V—+rotV xV
ot 2

in cazul miscarii laminare pentru fluidul real incompresibil tensiunile
normale pot fi exprimate prin relatiile:

Ojj =-p+2naj; =-p+2n ai; i=1,2,3 (2.24)
ax,.
iar cele tangentiale prin relatiile (2.17), care tinand cont de (2.13), devin:
ou 6Uj . L.
Ojj =N—+—1=0jj, 7 :1/2/3; 2.25
i n[axj+ax,-] i ] i#J) (2.29)

Prin inlocuiri in (2.21) se ajunge la ecuatiile Navier - Stokes care guverneaza
curgerea unui fluid incompresibil:

. . . . 2,,. 2, 2,
QUi gy iy gy SYi g M L 0P 1O Yy g Y . g Y li=1,2,3(2.26)
ot ox 1 X 0X3 pr oXj X< xp°  ox3
carora, li se adauga ecuatia de continuitate (2.5):
6U1 4 auz 4 au3 :0 (251)

0X; OXp» 0X3
formand impreuna un sistem de patru ecuatii neliniare cu derivate partiale, cu patru
functii necunoscute: componentele vitezelor ui(xi,x2,x3,t), (i=1,2,3) si presiunea
p(x1,X2,x3,t) la momentul t, in orice punct curent P(xi,X2,x3) al domeniului de
curgere.
Vectorial, ecuatiile Navier —Stokes, pentru fluide incompresibile, pentru un
regim laminar, au forma:

av _ F —grad P ivav (2.27)
dt p
unde A Laplacianul vectorului V :
%2 :I'—_IAU_Z +I'—2AUZ +I'—3AU3 (2.28)
are componentele fata de sistemul de axe OxiX2Xs:
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2, . 2, .. 2.,
Aui = 0 L;[ + 0 L;I + 0 Yi ; i = 1/2/3 (2'29)
6x1 6x2 6x3

Tindnd seama de forma (2.22) ecuatia (2.26) trece sub forma data de Helmholtz:

a/ v2 p
¥+grad—+rotv XV =F - grad = +vav (2.30)
p
care inmultita scalar cu vectorul unitar al arcului liniei de curent:
ds =iidxy +ipxdx> +i3dX3 (2.31)

trece intr-o forma energetica:
x7; dxo dx
a/ . 2 dp 1 2 3
YV G5 +d 7+I— 12|lw; wr w3 |=-dlf (2.32)
P ujz uy us

unde variatia elementara:

OL = v(4ugdxy + Auxdxo + Auzdxz) (2.33)
reprezinta lucrul mecanic elementar al fortelor de frecare vascoase. Termenul este
negativ deoarece fortele de frecare sunt dirijate in sens invers sensului de
deplasare.

In plus, pentru fluidele reale, pe o linie de curent, sau pe o linie de vartej sau pe
una elicoidalda in determinantul din (2.32), in toate cazurile, exista doud linii
proportionale astfel ca acesta se anuleaza:

o 2
Vs +d| J'dp Ty (2.34)
ot 2 p
Prin integrare intre doua puncte ale linei de curent P; si P, se obtine:
2 2

4 "4 S

Yi,P1_ Y2 P2, jza/ds+ JaLf (2.35)

2 P 2 pP S1 ot

1,2
reprezentand relatia lui Bernoulli in miscarea semipermanenta in lungul unei

traiectorii, relatie in care IéLf este pierderea energetica prin frecare datorita
1,2

—

A TR S v S2 N 5
vascozitatii fluidului. In cazul miscarii permanente termenul —ds =0.
S1

Revenind la sistemul de ecuatii Navier - Stokes componentele ui(xi,X2,x3,t),
(i=1,2,3) ale vectorului vitezd V si presiunea p(xi,X2,Xx3,t) trebuie sa satisfaca
conditiile initiale si conditiile la limita impuse de conditiile concrete ale problemei.
Conditiile initiale se dau prin campul vitezelor si al presiunii la momentul to
considerat initial:

Ui(Xl,XZ,X3,t0) =Ujo, p(X1/X2/X3/t0) =Po/ i=12,3 2.36)
unde ugi §i po sunt functii cunoscute de coordonatele x1, X2 Si Xa.
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2.2. - Interactiunea fluidului cu structuri rigide 15

Conditiile la limita trebuie verificate pe frontierele curentului de fluid, la un moment
oarecare, de catre campurile, vitezelor (conditii la limitd cinematice) si presiunilor
(conditii la limita dinamice).

2.2, Interactiunea fluidului cu structuri rigide
2.2.1. Stratul limita

Corpurile situate in curentul de fluid constituie obstacole cu care fluidul
interactioneaza, pentru curgerea in jurul corpului are un caracter special distributia
campului de viteze

Solutiile analitice se pot formula numai pentru anumite conditii, pentru care
formarea liniilor de curent este independentd de numarul lui Reynolds, Re:%,
unde L este o lungime echivalenta definita prin latimea suprafetei

Astfel, pentru numere Reynolds foarte mici, Re<1, fortele de inertie pot fi
neglijate in raport cu fortele de frecare. Aceste curgeri poarta denumirea de curgeri
Stokes. La numere Reynolds Re>>1 ponderea frecarii este dominanta in apropierea
peretilor solizi, aceste curgeri numindu-se curgeri in stratul limita.

Un exemplu edificator este cel al curgerii unui curent de aer, ca fluid
incompresibil, peste un cilindru rigid C. (fig. 2.2), unde sunt ilustrate campurile a),
de viteze, si b), de presiuni, obtinute prin metoda elementelor finite, folosind
programul ANSYS. (detalii in capitolul 4).

Miscarea fluidului se considera ca are loc in planul Oxix2 (curgere plana in

2D) in sensul pozitiv al axei Ox;. Intrarea fluidului se face la viteza constanta v pe
un domeniu mai larg decat cel prezentat in figura 2.2 unde sunt detaliate
distributiile vitezelor si presiunilor in jurul sectiunii cilindrului.

l[_j ’—'\-ﬂ
| \7 ‘_i__._-—#

Fig 2.2. Ilustrarea curgerii unui fluid peste un cilindru
a) campul de viteze b) campul de presiuni
Din cele doua distributii se poate observa complexitatea curgerii fluidului
peste un obstacol, chiar daca acesta are o sectiune transversala simpla, cum este in
cazul cilindrului. Respectand legile de curgere guvernate de ecuatiile Navier - Stokes
si conditile geometrice, pentru fiecare punct P(x1,x2) din spatiul fluidului exista o
viteza si o presiune bine determinate. Distributia vitezelor relevd domenii de curgere
distincte separate prin linii de curgere cu puncte caracteristice cum sunt: P, de
stagnare, unde datorita aderentei stratului de fluid la suprafata structurii viteza in
jurul acestui punct tinde spre zero, presiunea pe suprafata structurii fiind maxima
iar punctul Pgs, numit punct de desprindere, in jurul acestui punct particulele de fluid
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16 Aspecte privind sarcinile induse de curgerea fluidului asupra unei structuri
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isi schimba sensul de curgere, presiunea avand o tendintda de crestere, ceea ce
produce departarea particulele, care au o energie cinetica ce se disipeaza datorita
frecarii interioare (existenta vascozitatii).

In jurul structurii se creeaza un domeniu, numit strat limitd, sau strat de
ouy
X2

frecare, unde componenta a gradientul de viteza are valori semnificative,

tensiunea tangentiala de forfecare 7 :ngﬂ. atingand si ea valori semnificative.
X1

Notiunea de strat limitd a fost introdusd de L. Prandtl. El a utilizat termenul
pentru a defini stratul subtire de fluid care se gaseste in vecinatatea unui corp solid
fata de care fluidul se deplaseaza, strat in interiorul careia vascozitatea fluidului
trebuie luatd in considerare, prin urmare, miscarea fluidelor cu véascozitate mica
(aerul, apa) peste corpuri solide poate fi studiata in cadrul a doua zone distincte:

- 0 zona Ingustad in vecinatatea corpului solid in care efectele vascozitatii sunt

importante (strat limita)

- o zona largd, care nu este in apropiere de suprafata corpului solid si in care

influenta vascozitatii este mica si poate fi neglijata

Domeniul stratului limita este dificil de a fi precizat deoarece trecerea de la
vitezele de curgere din domeniul stratului limita la vitezele din domeniul curgerii
exterioare se face asimptotic. Se considera ca cele doua domenii sunt separare cand
marimile vitezelor diferda cu 1% de cea corespunzdtoare curgerii potentiale
exterioare.

Un exemplu la care stratul limita este clar conturat este cel al unei placi de
lungime L situata intr-un curent de aer de viteza constanta (Fig 2.3.)

Grosimea stratului limita §(x1) depinde si de regimul de miscare a fluidului in
stratul limita, care poate fi laminar, de tranzitie si turbulent.

Pentru definirea regimului se ia in considerare numarul lui Reynolds definit
prin relatia:
VL

Re == (2.37)
v

unde L este o lungime caracteristica masurata
Pentru ca sa apara o comportare de tip strat limita numarul Reynolds trebuie sa fie
relativ mare, limita inferioara este 1000.
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2.2. - Interactiunea fluidului cu structuri rigide 17

B(x,

b)
Fig. 2.3 Ilustrarea stratului limita la curgere peste o placa de lungime L.
a) distributia vitezelor de-a lungul unei placi
b) distributia vitezelor in stratul limita

Teoria stratului limita are o larga aplicare in studiul actiunii vantului asupra
structurilor. Ea poate permite determinarea distributiei vitezelor, calcularea
presiunilor si a fortelor precum si explicarea fenomenelor complicate de curgere care
se produc in jurul structurilor (vartejuri).

Viteza la suprafata placii este zero, grosimea stratului limitd, d(xi1), creste cu
distanta x; de la capatul placii. Daca lungimea placii este mare, grosimea stratului
limita creste pana la o anumitd valoare, dupa care, datoritda instabilitatii miscarii,
curgerea laminard in stratul limitd devine turbulentd. Trecerea de la miscarea
laminara la cea turbulentd in stratul limitd apare pentru o anumitd valoarea a
numarului Reynolds.

Cand un strat limitd turbulent se formeazd pe o suprafatd neteda, in zona
respectiva apare si un substrat subtire laminar langa suprafata corpului solid.

Pentru o placd plana trecerea de la curgerea laminara la cea turbulentd poate sa

aparda la Rey -10° daca placa este aspra sau nivelul turbulentei in curentul
principal este ridicat. Pentru o placa planda neteda si pentru curent principal cu
turbulenta slaba miscarea laminard se poate mentine pénd la Rey =3 x10° . in
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obstacol - 2
zona miscarii laminare cu (;j_p =0, daca se admite pentru profilul vitezelor o curba
X1
parabolica:
(x1,%X2) X X 2
ux1,X2) _ 5 _X2 _[ 2 ] (2.38)
v O0(xy) \0(xz1)

astfel ca la x,=8(x1), pentru puncte situate pe frontiera stratului limita se obtine,
cum este si normal, u(xy,8(X1))=V=ct.
Pentru calculul grosimii stratului limita la distanta x; se foloseste relatia
empirica:
1

5(x) = 5.48(‘%]2 - 548 %

Rey

(2.39)

Daca suprafata corpului solid este curba (figura 2.4. o suprafata cilindrica) si

gradientul de presiune este pozitiv (Z—p>0 ), cresterile de presiune actionand in
s

acelasi sens cu rezistentele vascoase, invers sensului de curgere, conduc la o
ingrosare a stratului limita.

2.2.2. Formarea vartejurilor

In timp ce in zona indepartatd de corp singura rezistenta la curgere este produss de
gradientul de presiune pozitiv, in stratul limita rezistenta la curgere se datoreaza
atat gradientului de presiune pozitiv cat si rezistentelor vascoase, care la suprafata
corpului au valori importante. Ca urmare, se produce o decalare a miscarii in
vecinatatea corpului solid si sensul curgerii se poate inversa.
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—e

Vadej e

Py

b)
Fig. 2.4. Ilustrarea pofilelor de viteza in stratul limita, in jurul unei suprafete curbe, in
vecinatatea punctului de desprindere
a) distributia vitezelor
b) distributia liniilor de curgere cu formarea de vartejuri

Astfel se formeaza in spatele corpului obstacol vartejuri sau turbioane,
fiecare avand linii de curent spirale ce converg in niste puncte nucleu Pv. Dacd
corpul obstacol este geometric simetric, in cazul analizat cilindrul, atunci vartejurile
se pot dezvolta simetric fatd de axa de simetrie, sau asimetric aceasta depinzand de
viteza de curgere a aerului sau de numarul lui Reynolds, pozitia corpului fatd de axa
de curgere si forma geometrica.

In cazul curgerii 2D pe langa un profil rigid de parabola (antena), (fig. 2.5),
se pot observa diferente evidente intre distributiile vitezelor de curgere in amonte si
aval, vartejurile situandu-se simetric cand profilul este situat perpendicular pe
directia de curgere, a), cu fata de receptie in amonte(0°) si b), cu fata de receptie in
aval (1809).

In cazul in care profilul este rotit cu 45° sau cu 135° apare cate un singur
vartej, extins pe o suprafata mai mare ca in cazurile din figurile c) si d).

In toate cele patru cazuri viteza stationara de curgere a curentului de aer a
fost de V=30 m/s, L=1.2 m (diametrul paraboloidului)

BUPT



20 Aspecte privind sarcinile induse de curgerea fluidului asupra unei structuri
obstacol - 2

a) b)
c) d)

Fig. 2.5. Ilustrarea formarii vartejurilor la curgerea 2D
in jurul unui profil rigid de parabola la o curgere stationara cu viteza V=30 m/s
Parametrul important care intervine in formarea vartejurilor il reprezinta
numarul lui Reynolds. Astfel, in figura 2.6.a) este ilustrat un regim de curgere
laminar corespunzator unui numar Re=0,664.

Ap o

Ap ( , \J

a) Re=0,664 b) Re=16,612
Fig. 2.6. Ilustrarea formarii vartejurilor la curgerea 2D
n jurul unui profil rigid de parabola la o curgere stationara la diverse numere Reynolds
La aceasta valoare curgerea este fara vartejuri, ele aparand pentru valoarea
Re=16,612 (fig.2.6.b)

Complexitatea curgerii reale peste obiecte nu are, in majoritatea cazurilor,
solutii analitice si de aceea se apeleaza la relatii analitico grafice, formulate dupa
experiment.

Astfel, distributia reald a presiunilor in jurul unui cilindru, masurate de O.
Flachsbart [38] pentru doud valori ale numarului Reynolds, sunt reprezentate grafic,
prin raportul adimensional:

r(p)=-Ps"Po_ (2.40)
(2/2)pv
functie de arcul ¢, unde po este presiunea mediului fluid iar V viteza curentului de
fluid in amonte fata de obstacolul cilindru.
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Din (2.40) se poate calcula valoarea presiunii la suprafata cilindrului:

V2
Ps =po +r(®)p > (2.41)
cu ajutorul careia se pot calcula componentele fortei de impingere a cilindrului:
2n 2n
Fy = IpSLCR cospdp; Fy = IpSLCR sinpdo (2.42)
(o] (o]

unde R si I_2C sunt raza si respectiv lungimea ciIindrqui.

| {
Re=6,1x10°

Re=1,86x10°
1
0 Supercritic!
r((p) /-\/ET/-\
A \\/ —Subcritic v/
2 \\f \//
, |
0 30 60 90 120 150 180 210 240 270 300 330 360

[0) [ grade ]

Fig. 2.7. Variatia presiunii in jurul unui corp cilindric
Determinari experimentale de O. Flachsbart
Tinand seama de relatia (2.42) si de faptul ca, po si V sunt constante iar cele

doua curbe de reprezentare a functiei raport r(¢) sunt simetrice fata de axa verticala
la ¢=1809, se obtine:

V2

Aceasta relatie arata ca forta de impingere sau de antrenare, pe care o
. S . w2
suporta cilindrul este proportionala cu presiunea dinamica p SR ceea ce condus la

formularea unei relatii generale aplicabild la corpuri cu forme geometrice
neaerodinamice:

2n
2
Fx :LcRpV7 Ir(cp)COS(pdcp,' Fy =0 (2.44)
o

unde A este suprafata expusa a corpului solid, normald pe directia de curgere, iar c,
este coeficientul de antrenare determinat experimental pentru diverse tipuri de

corpuri si functie de numarul lui Reynolds. Pentru cilindru A=2RL..
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In figura 2.8 se dau coeficientii de antrenare c, pentru corpuri bi si
tridimensionale, pentru diferite numere Reynolds. Forta de antrenare, datorita
rezistentelor vdscoase este mai mare pentru zona turbulentd a stratului limitd decat

pentru zona laminara.
2.4

|
N, Placa lunga

208 il P

Cq.z \ \\ Cﬁndru lung __ Disc

\\ \J/ o
0.8 \\\ %dru L/2R=5  \
~ Sfera
0.4 \/"—\\ \\\__
N
o
10 10° 10° 10° 10° 10° 107

Numarul Reynolds, Re
Fig. 2.8 Variatia coeficientului de antrenare in functie de numarul lui Reynolds pentru diverse
corpuri

2.2.3. Formarea vartejurilor alternante

Pentru curgeri stationare peste corpuri fixe plasate in curent, de la anumite
valori ale numarului Reynolds pot apare vartejuri alternante. Vartejurile la regimuri
laminare, apar la valori relativ joase ale numarului Reynolds, dupa unii autori intre
40 si 1000, amorsarea lor fiind, in literatura de specialitate, inca neelucidata. Chiar
si simularea numerica a acestui efect dinamic ridica mari probleme, mult discutata
in forumurile de specialitate, in legatura cu alegerea densitatii meshului si a definiri
campului de studiu din jurul corpului.
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Fig. 2.9. Ilustrarea formarii vartejurilor alternante (Karman vortex street),
pentru un cilindru rigid
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Pentru exemplificare, in figura 2.9., sunt prezentate 10 imagini consecutive
in timp ale campului de curgere din vecinatatea unui cilindru de diametru D=10
mm, fix intr-un curent laminar de ap3, cu viteza de intrare V=120 mm/s, constanta.

Se considera ca la momentul, t=0, este aproape gata format un prim vartej
in partea superioara a imaginii, situat la distanta x=15.6 mm de marginea
cilindrului, iar cel precedent format, este decalat in fata la distanta a= 41,3 mm fata
de primul. La momentul urmator t=1xAt, (At=0.1 s), cand s-a terminat procesul de
formare a primului vartej, acesta se deplaseaza la x=19,5 mm. Distanta a dintre
cele doua vartejuri ramane constanta,ceea ce arata ca vartejurile se deplaseaza in
grup cu aceeasi viteza.

La momentul t=2xAt se poate observa procesul de terminare al unui vartej
in partea de jos, iar primul vartej format in partea superioara ajunge la cota x=28,6

mm. In continuare, la momentele, t=3xAt, ..... t=9xAt, pasul a, pe orizontald, dintre
vartejuri, se mentine constant la a= 41,3 mm.
100 mm

80

60

40

20

0 0.2 0.4 0. 1

6 t[s] 0.8
Fig. 2.10. Legea de deplasare a vartejurilor de-a lungul curentului

Din reprezentarea grafica (fig.2.10) a deplasarii x, in timp, a primului vartej,
se poate observa ca aceasta se face dupa o lege liniara, deci la viteza constanta.

Vartejurile pentru structuri cu forme simetrice, cum este cilindrul, se
formeaza de o parte si de alta a corpului, la distanta h, in cazul de fata h=23,4 mm.
Astfel, in momentul in care s-a format, el produce o circulatie in jurul cilindrului. Ca
urmare, viteza creste pe o parte a cilindrului si descreste pe cealalta parte,
distributia presiunilor modificAndu-se in consecinta.

Ca urmare a acestei situatii, in afara de forta de antrenare dirijata dupa
directia vantului, apare in planul sectiunii transversale o noua forta, normala pe
directia de miscare si variabila ca marime si sens. Daca cilindrul este liber sa
vibreze, forta respectivd, ca forta perturbatoare, produce oscilatii fortate,
perpendiculare pe directia vantului.

Frecventa de formare a perechilor complementare de vartejuri este
exprimata de relatia:

f, -5 L (2.45)

D
in care St este numarul lui Strouhal, V, viteza vantului (m/s) si D, diametrul
cilindrului. Numarul lui Strouhal este o marime adimensionala si depinde de numarul
lui Reynolds. In zona subcriticd, in care dezvoltarea vartejurilor este regulata,
valoarea numarului Strouhal raméane constanta si egald cu 0.2. Pentru valori mai
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mari, cuprinse intre 3.5 x 10> si 3.5 x 109, in zona supercriticd a numerelor
Reynolds in care formarea vartejurilor prezinta un caracter aleatoriu, numarul
Strouhal are valori apropiate de 0.45. Pentru numere Reynolds mai mari decat 3.5 x
10% corespunzatoare zonei transcritice in care caracterul regulat de formare a
vartejurilor reapare, numadrul Strouhal are valori intre 0.25 si 0.27.

In cazul cilindrului valoarea numarului Strouhal, indiferent de valoarea
numarului Reynolds, poate fi luata egala cu 0.2.

Forta de antrenare care se dezvoltd pe structura in directia curgerii, are o
componenta constanta data de relatia (2.43) si ea nu are un grad de periculozitate
asupra structurii asa de mare ca forta fluctuanta laterala datorita vartejurilor

Formarea vartejurilor Karman in zona de siaj, la trecerea fluidului peste un
cilindru, conduce la modificarea distributiei presiunilor pe suprafata acestuia si ca
urmare, la aparitia unei forte fluctuante laterale Fp.

Pentru structurile cilindrice supuse actiunii unui curent uniform, laminar, la
valori subcritice ale numarului Reynolds, forta fluctuanta laterala poate fi exprimata
prin forma armonica:

Fplt)=cp %pVZAsin(anvt) (2.46)

in care ¢, este coeficientul aerodinamic al fortei laterale (coeficientul de portantd).

Pentru valori supercritice ale numarului Reynolds, forta fluctuantd Fp(t)
capata un caracter aleator si definirea ei necesitda o analiza pe baze statistice, cu
utilizarea reprezentarilor spectrale.

Pentru corpuri cu forma oarecare calcularea fortei de antrenare devine
dificila. In evaluarea acestei trebuie sa se tina seama atat de forta de antrenare care
reprezinta insumarea rezistentelor vascoase céat si de forta de antrenare care rezulta
din variatia presiunilor pe suprafata corpului solid.

La corpuri cu forma aerodinamica punctul de separatie se produce la capatul
final al corpului solid, regiunea de vartejuri este ingusta si forta de antrenare se
poate calcula numai ca rezultantd a rezistentelor vascoase, cu ajutorul teoriei
stratului limita.

La corpuri cu forme geometrice neaerodinamice, separarea curgerii se
produce destul de avansat, zona de vartejuri fiind destul de larga. Forta de
antrenare se calculeaza in acest caz ca suma a celor doua forte mentionate anterior,
calculul teoretic devine in acest caz dificil.

2.2.4. Efectul Venturi

Este un fenomen care apare la strangularea curgerii fluidului prin dispunerea
structurilor intr-un unghi ascutit, sau cel mult de 909, formand in zona ingusta
dinspre varful unghiului, un efect de palnie.

Aceasta zona criticd din punct de vedere aerodinamic, unde curgerea se
accelereaza, este cunoscuta si sub numele de géat Venturi.

Un asemenea efect se intalneste in cazul in care o structura este fixata in
apropierea unui perete iar curentul de fluid circula paralel cu peretele.

BUPT



26 Aspecte privind sarcinile induse de curgerea fluidului asupra unei structuri
obstacol - 2

Fig. 2.11. Ilustrarea efectului Venturi la un profil de antena fixat de un perete,
Re = 0.664
Presiunile pe cele doua fete ale antenei au urmatoarele valori:Pe =

0.72448E-09, Pi = 0.10768E-08, pentru unghiul de 459 Pentru cazul antenei
pozitionata la 135° presiunile au urmatoarele valori, Pe = 0.20890E-08, Pi
0.34222E-09.

Viteza la care s-a facut simularea este v = 0.1e-4, numarul Reynolds fiind Re
0.664.

Pentru cazul prezentat in figura 2.12. viteza de curgere a fluidului este v = 2.5e-4,

avand numarul Reynolds Re = 16.612.

Fig. 2.12 Ilustrarea efectului Venturi la un profil de antena fixat de un perete,
Re = 16.612
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2.3. Interactiunea fluidului cu structura elastica

2.3.1. Efectul autooscilant

Masa de fluid in procesul de curgere contine energie mecanica din care o
parte va fi cedata, in cazul unei structuri elastice plasata in curent, acesteia, sub
forma de energie potentiala prin deformarea structurii sau in energie cinetica, care
compenseaza energia de disipatie interioara structurii. Cand energia primita de
structura depaseste pe cea de disipatie apare efectul de instabilitate autooscilant de
tip rezonant.

Astfel, pentru o bard elastica Be, (figura 2.13), , plasatd transversal pe
directia de curgere, OX, incastrata la ambele capete pe peretii P+ a unui tub de
curent, aceasta se deformeaza sub actiunea fortelor de interactiune cu fluidul. Bara
poate fi o conducta din reteaua unui schimbator de caldura tubular intr-un canal de
fum, (fig. 2.15.) [27], sau diagonala unui gratar amplasat in fata camerei spirale a
unei turbine Kaplan, (fig. 2.17.), ambele cazuri sugestive, investigate de Laboratorul
de Testari si Cercetari pentru Vibratii Mecanice al Universitatii Politehnica din
Timisoara.

Deplasarile in planul normal, rezultate din deformarea prin incovoiere a barei
produc la randul lor modificarea distributiilor cdmpurilor de viteze si presiuni, cu
preponderenta in zona stratului limita.

Fig. 2.13. Ilustrarea interactiunii fluid structura elastica
Pe baza unor observatii experimentale s-a constatat cd pentru un cilindru

prins elastic la capete, excitat de o forta armonica indusa de trenul de vartejuri
alternante expresia (2.46) trece sub forma:
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3
1 . w w
Fplt)=cp 3pV2Asm(2nfvt{1 +1,54 Ej ; (E <0,3j (2.47) [65]
unde w este amplitudinea miscarii vibratorii a cilindrului.
Daca cilindrul este deformabil atunci de-a lungul lungimii cilindrului actioneaza o
forta distribuita:

3
fplt,z)=cp %pvzosin(wvt{1 +1,54%2)J ; (@wsj(z.%)

unde s-a notat cu wy=2rf,, W(z) fiind amplitudinea vibratiilor transversale in
sectiunea de la cota z a barei.
in aceastd situatie ecuatia de echilibru dinamic al elementului de bard va avea

forma:

?w(z,t) ow?(z,t) _

1 2 . W(z)
2 +Dp 2 cpsz Dsm(a)vt(l +1,54

D

EI

3
j (2.49)

Excitatia fiind armonicd, axata dupa pulsatia vartejurilor alternante, si solutia fortata
va fi armonica, dupa aceeasi pulsatie:

w(z,t)=W(z)sin(w,t) (2.50)
Mai departe rezulta, din (2.49), ecuatia diferentiala ordinara:

4
£ 9 W(z)

dz?

W(z)
D

3
—ppwW(z) =cp épVZD[l +1,54 j (2.51)

aceasta fiind o ecuatie neliniara, a carei solutie se rezolva tinand cont de conditiile
de margine. Pentru cazul barei incastrate la ambele capete, acestea sunt:

dw(0) _dw(L) _

W(0)=W(L)=0; = =

0 (2.52)

in ecuatia diferentiald (2.51) viteza V a curentului intrd ca un parametru cu p&tratul
valorii sale, distributia amplitudinilor W(x) crescénd cu in acest raport.

Pe baza masuratorilor experimentale s-a constatat ca in cazul structurilor elastice
situate intr-un curent de fluid apare un efect dinamic special: amorsarea vartejurilor
alternante axate direct dupa frecventele proprii ale modurilor naturale de vibratii ale
structurii. Efectul acesta este cunoscut ca fenomenul “locking-in” si apare atunci

cand viteza curentului ajunge in apropierea unei valori:

D
Vg ~f; 5 (2.53)
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numitd viteza criticd, f; fiind valoarea frecventei proprii a unui mod natural de
vibratii al structurii imersate, atunci frecventa de excitatie a vartejurilor alternante
se caleaza (blocheazad) pe frecventa proprie a acelui mod.

Ilustrarea efectului este data in figura 2.14.

2
A
A
W,
1 2
0 Ve "V

Fig. 2.14. Ilustrarea efectului de calare a frecventei vartejurilor alternante dupa una dintre

frecventele proprii ale structurii

Astfel marind viteza curentului de la valoarea 0 aceasta va atinge o prima
valoare critica Vqa pentru care valoarea frecventei f, a vartejurilor alternante se
apropie de valoarea frecventei fi a primului mod natural de vibratii al structurii
imersate. In acest moment are loc efectul “locking-in”, frecventa vartejurilor fiind
ghidata dupa frecventa proprie, f,=f1, rezultand un efect rezonant al structurii dupa
primul mod de vibratii al sau.

Acest efect rezonant este unul special, prin faptul ca frecventa vartejurilor
alternante este blocata pe frecventa proprie fi. Aceasta axare, cu efect rezonant de
crestere puternica a amplitudinilor, continua pédna cand valoarea vitezei de curgere
V intra in zona de influenta a celui de al doilea mod natural de vibratii al structurii,

aceasta intamplandu-se la viteza critica V.o =f> 52, f, fiind frecventa proprie a
t
celui de al doilea mod de vibratii.

De semnalat un fapt important: efectul rezonant, dupa frecventa proprie a
modului respectiv, este extins de-a lungul unui domeniu larg al vitezei V a curentului
de fluid. Un exemplu edificator I-am analizat in lucrarea [27].

Gazele arse rezultate de la un cuptor de cracare (fig.2.15.) sunt eliminate fortat
in atmosfera, prin intermediul unui canal de fum 1, cu ajutorul unui ventilator 2 la
un cos inalt 3. Pe canalul de fum s-a plasat transversal pe curentul de gaze arse un
recuperator de caldura tubular 4, curentul de gaze arse fiind obligat sa treaca prin
interstitiile dintre tevile retelei.
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Coloana de cracare Cazan de abur

Fanm

Fig. 2.15. Exemplificarea efectului rezonant excitat prin vartejuri alternante, la un
schimbator de caldura tubular, (4), plasat intr-un canal de fum (1)

La valoarea nivelului debitului Q, de evacuare a gazelor arse, considerat ca
optim din proiectul tehnologic al instalatiei, s-a constatat, insa, aparitia, pe intreaga
constructie metalica a canalului de fum, niveluri de vibratii extrem de puternice,
propagate si pe mantaua 6 a cuptorului de cracare, fapt ce a dus la dislocarea de
caramizi refractare 7 din bolta cuptorului. Lipsind protectia termica la grinzile
metalice 8, de sustinere a cuptorului, acestea au ajuns la temperaturd inalta, de
peste 800° ceea ce crea posibilitatea unui colaps structural.

Din primele madsuratori s-a constatat cd semnalul de vibratii a(t) masurat, pe
structura 5, de sustinere a canalului de fum, cu un accelerometru Ac era un semnal
curat armonic, caracteristic unui efect rezonant, ceea ce a dus la un program de
masuratori complexe care sd depisteze sursa de excitatie. Masuratorile, efectuate la
rece, au inclus pe langd vibratii si presiunea dinamica p(t) si debitul Q(t), de
evacuare a gazelor arse.

Rezultatele masuratorilor sunt prezentate sintetic in diagrama finregistrarii in
timp de-a lungul unei perioade de 25 minute cu variatie lentd a debitului Q(t).
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Fig. 2.16 Diagrama evolutiei nivelelor vibratiilor pe structura canalului de fum si a presiunii
dinamice interioare, la diverse valori ale debitului de aer.

La baleierea debitului de la *<36 m3/s la *46 m3/s amplitudinile medii P(t) si
X(t) ale presiunii dinamice si respectiv a vibratiilor pe structura 5, sunt mici si au un
caracter aleatoriu, frecventele f(t) ale componentelor fiind nedefinite, (variatii
valorice mari). Brusc la atingerea unui debit critic de *40 m3/s cele doua amplitudini
cresc brusc iar formele lor devin perfect armonice de frecventa f~34,5 Hz
Frecventa comuna de 34,5 Hz a celor doua semnale se mentine perfect constanta si
la valori ale debitului peste cel critic de 40 m3/s, cu cresteri spectaculoase de
amplitudini. La un debit de =48 m3/s, maxim atins in timpul experimentului
presiunea dinamica a ajuns la amplitudinea de ~90 N/m? iar amplitudinea vibratiilor
a crescut de la 5 pm la36 pm, deci mai mult de 7 ori.

Deci, evident, este vorba de un efect rezonant excitant prin vartejuri
alternante create de trecerea curentului de gaze arse prin interstitiile dintre reteaua
de conducte ale schimbatorului de caldura.

Un alt exemplu concludent al efectelor dezastruoase pe care il are efectul
rezonant la excitarea prin vartejuri alternante este prezentat in figura 2.15.

Pentru oprirea corpurilor plutitoare ce vin din amonte la intrarea apei in

camera spiralda 2, a unei turbine hidraulice 1, este amplasat un gratar rar 3 sustinut
de o structura pland de rezistentd 4. Gratarul rar este manipulat prin translatie
verticald de doua servomotoare hidraulice 5.
Cum viteza V a curentului de apa ce intra in camera spirald este reglabild, functie de
puterea programata care necesitd un anumit debit s-a ajuns la o viteza critica de
curgere peste una dintre barele diagonale B4, ale gratarului rar. Excitatia prin
vartejuri alternante fiind rezonanta bara respectiva s-a rupt, iar structura gratarului
rar si-a pierdut stabilitatea, el a fost antrenat de curentul de apa prin camera
spirala, oprindu-se in aparatul director si palele rotorului turbinei.

-
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Pe baza unor cercetari experimentale complexe efectuate de Hidrotim
Timisoara la Laboratorul de Testari si Cercetari pentru Vibratii Mecanice al
Universitatii Politehnice din Timisoara s-a reproiectat gratarul rar, profilul
transversal al diagonalelor fiind modificat in sensul mariri valorii vitezei critice in
afara domeniului vitezelor de curgere ceruta de debitele necesare pentru realizarea
incarcarii turbinei.

Fig. 2.17 Caz de colaps structural cauzat de un efect rezonant excitat prin vartejuri alternante
pe una dintre diagonalele gratarului rar de la o turbinad hidraulica.

2.3.2. Efectul de instabilitate a echilibrului unei structuri prin
efectul de galopare.

Un efect aparte ce apare la curgerea unui fluid peste o structura considerata
rigida, dar fixata elastic de un suport, este cel de galopare (galloping), cand in
anumite conditii de curgere si geometrice de pozitie a structurii, aceasta isi pierde
stabilitatea pozitiei sau chiar ruperea legaturii cu suportul, ceea ce duce la colapsul
structural.

Ca exemplu, se considera o antena parabolica, (fig. 2.18.), plasata intr-un
curent de aer avand viteza constanta V, de intrare in cdmpul de amplasare al
antenei.
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Fig. 2.18 Ilustrarea efectului de galopare la o antena parabolica
Antena, ca o structura rigida se poate roti in jurul unei axe ce trece printr-

un punct fix O, rotirea cu unghiul ¢, fiind impiedecata de momentul fortelor elastice
de legaturda -kaxe(t), unde o¢(t) este legea miscarii de rotatie a antenei fatd de
pozitia unghiulard de elevatie a antenei o, k. este constanta elasticd echivalenta la
unghiul «.

Pentru acest model dinamic simplificat se poate scrie ecuatia diferentiala de
rotatie tindnd cont de componentele Fx. si Fy. ale fortei rezultante de actiune a
vantului asupra structurii antenei, considerdnd ca aceasta este redusa in punctul P,
de pe suprafata antenei:

I +Cqp +kq® =FygXqg —FxaYa (2.54)

J este momentul de inertie in raport cu punctul O, iar c, constanta de amortizare a
miscarii.
Componentele Fx si Fy provenite din actiunea vantului asupra structurii antenei pot fi

considerate ca fiind proportionale cu patratul vitezei relative:

v, =V +(7vaj (2.55)

unde V, este viteza punctului P., care face o miscare de rotatie, avand modulul:

Va|-0ra =6\x3 +v3 (2.56)

astfel ca cele douda componente pot fi formulate dupa cum urmeaza:
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1 2 1 2
Fx = EPCxaAar/r ; Fy = EpcyaAa}/r (2.57)
Parametrii Cy, Cy si A« depind de unghiul o de elevatie al antenei.
Tindnd cont de (2.55) si (2.56) cele doua componente vor deveni:
Fyx :%pCmAa(V2 +¢2r02 —2Vrgp cos ,Bj
p (2.58)
Fy =5PCyaAa(V2 +¢2ra2 - 2Vrg@ cos Bj
iar ecuatia diferentiala (2.54) devine:
I§ +Cfp +ko® :Ra(vz +¢2r2 ~ 2Vryg cos 3) (2.59)
unde:
1
Rq :EPAa (Cxa)’a —Cyaxa) (2.60)

Tinand cont de faptul ca termenul <p2raz este neglijabil in raport cu ceilalti doi

termeni din paranteza ecuatiei diferentiale (2.59) aceasta se poate pune sub forma:

JG +(cg +2VRgry cos BYp +kap =RV 2 (2.61)
a carei solutie particulara este:
R
st = V2 (2.62)
a

care da valoarea deformatia unghiulara statica sub actiunea presiunii vantului avand
viteza constanta V.

Cum deplasarea unghiulara o¢s, fata de sistemul de axe OXY, este negativa
inseamnad cd si R. trebuie sd fie negativ, cea ce duce la posibilitatea negativarii

termenului cg +2VRgrg cos B din ecuatia (2.59) insemnénd cd energia disipata de

structura antenei:

1.
Eg = Ecagoz (2.63)

va fi depasitd de energiei preluata de la fluid:

Eg =VRyry cos B2 (2.64)
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cea ce duce la cresterea amplitudinilor ¢oq ale oscilatiilor ¢(t), prin cumulari ciclice
dupad pulsatia proprie a sistemului, @ = kg / J .
Deformatia dinamica introdusa prin oscilatii se va cumula la componenta statica st

astfel cd la o anumitd valoare finsumata se atinge un moment critic

Mo =ka( ®st + ®og), Pentru care legétura elasticd in punctul O cedeaz3.

Un efect similar este cel de fluturare (flutter) intalnit la structuri subtiri
elastice cumularea energetica de amplitudini facdndu-se prin excitarea modurilor

naturale de vibratii ale structurii acum considerata elastica.

2.4. Curgeri nestationare

In cazul vantului regimul de curgere este nestationar datoritd faptului c
acesta actioneaza in rafale, vitezele si presiunile variind puternic in timp. Curgerea
nu mai este laminara iar liniile de curent nu mai sunt paralele cu directia de curgere,
ci se incruciseaza Astfel, in figura 2.19 se prezinta o diagrama tipica a variatiei in
timp a vitezei vantului, inregistrata pe acoperisul cladirii de Orologerie a Facultatii
de Mecanica de la Universitatea Politehnica din Timisoara, unde a fost amplasata
antena parabolica tip Kathrein.

5rm/s

Rafala v

() Senzor

020 40 60 80 100 120 140 160 180 200 220 240 260 280
tsec

Fig. 2.19 Diagrama tipica de variatiei in timp a Fig. 2.20 Amplasarea senzorului de
vitezei vantului (montaj de masura fig.2.20) masurare a vitezei vantului

Viteza a fost masurata cu senzorul de presiune, etalonat in viteze.

Din figura 2.19 se poate observa caracterul aleatoriu al vitezei vantului care-si poate
modifica si directia si intensitatea, aparand tot aleatoriu rafala, care se manifesta
prin marirea, pentru un interval relativ scurt, de pana la 10 ori a intensitatii vitezei
vantului asa cum se observa din diagramad, unde in intervalul de timp 220 -245
secunde al inregistrarii apare un salt in viteza vantului de la viteza medie U~7,5 m/s
la 21 m/s, cea ce face ca regimul vantului sa fie profund nestationar, deci o curgere
de fluid nepermanenta, de naturd turbulentd. Miscarea turbulentd este structural
diferita fata de miscarea laminarag, liniile de curent ne mai fiind paralele.
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2.4.1. Miscari turbulente

Caracterul aleatoriu al evolutie in timp a vantului impune utilizarea unor
marimi caracteristice

Astfel, in cazul rafalei, se poate considera ca cele trei componente ale viteza
instantanee ui(t), (i=1,2,3), (Fig. 2.21) de curgere printr-un punct oarecare al

fluidului, pot fi divizate la momentul t, in cidte douda componente:
ui(t) =uj(t)+0;(t) (i =1,2,3) (2.65)

unde:

ai(t) =71—_ J'u,- rr; (=-1,2,3) (2.66)

£l
2

este o componenta lentd, mediata pe o bandd temporala de latime T si o

componenta variabila:

Ui(t) =uj(t) -ui(t); (i=12,3) (2.67)
™ m/s T
2T 4 ‘
20 [T y n i .3 L
TR
10 f 2l
o , [
g : ”x‘w 1)%:. |
4 l“ ,
{ T ) | w \J Ii |
j

-10

0 1 2 3 4 5 6 7 8t coc ? 10
Fig. 2.21. Ilustrarea componentelor vitezei unei rafale
Aceleasi marimi se definesc pentru presiunea instantanee:

p(t) =p(t) +pi(t) (2.68)
unde:
t+—
— 1
pE) - = ij(r)dr (2.69)
2
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Sub o form& discretd, dupd care s-a determinat valoarea medie U(t) din

diagrama corespunzatoare figurii 2.21., are forma:

N
1 &
u(tj =Jxat) =1 D Ujk (2.66)
k=N
2
unde At este incrementul de timp al esantionarii semnalului, iar N=T/At numarul de
esantioane al benzii T, ce se deplaseaza pe axa timpului.

Componenta variabild (pulsatorie) U;(t) are in general o distributie Gaussiang,

pentru care, valorile medii L'T,-(t) =0 . Datorita miscarii turbulente apar asa numitele

tensiuni aparente, exprimate ca functii de componentele pulsatorii ale vitezei in

punctul curent al fluidului unde curgerea este turbulenta:

aj,ilt)=pU? ) (i=1,2,3) (2.70)
care sunt tensiuni normale iar:
&, ;)= j€)=-p0i €0 ;&) (=123 i+j) (2.71)

tensiuni tangentiale.
Daca asupra ecuatiilor Navier Stokes (2.26) si de continuitate se aplica

integrala de mediere temporara:

7
t+3
1 J‘ ouj ouj ouj ou;
j— — +Uuj +Uo +U3 T =
T ot OX 1 oX o 0X 3
el
2 (2.25
-
t+5
1 Fy 1 op [azu,- azu, 0 u,] .
2 2 2
Tt_L Pf OX| 0X 1 O0X 2 0X 3
2
t+§
1o [z U2 U3 o (2.5
T 0X; OXp OX3

se obtine, tindnd seama de notatiile de mai sus, ecuatia de continuitate:
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oy i

=0 (2.5
0X; OXp 0OX3

si ecuatiile lui Reynolds pentru miscarea turbulenta a fluidelor reale incompresibile:

. — AU — AU — Ay . 20 2. 20
ai+u1 . +U> i +U3 i =F; _Llop | u | U Ty +A  (2.72)
ot 0X1 0X 2 0X3 p 0Xj 2 2 2

0X 1 0X 2 0X3

Termenii A;, suplimentari fatda de ecuatiile Navier Stokes, sunt functiuni de
componentele pulsatorii ale vitezelor de curgere:

A =L i(_pﬁﬁj+ 0 (_pm j+i(_pw)
1= o 1 )+ 5 1u2 ox3 1U3
1] o ~ 0 ~ 8 ~
A :———uuj+—(—uu)+—(—uuj 2.73
zp{axl(P21 %3 puyuy ox3 puyu3z ( )
1
A3 = —
p

{%(—p%ffl]+%(—PU3L72)+%(—PU3U3 ﬂ

Acest sistem nu poate fi integrat deoarece are 7 necunoscute,
ui(t), p(t) sili(t), (i =1,2,3) si numai patru ecuatii (2.72) si (2.5"”). Din acest
motiv s-au dezvoltat o serie de metode aproximative, empirice, cum este cea a lui

Boussinesq care a introdus coeficientul de viscozitate turbulenta si teoria lungimi de

amestec a lui Prandtl, teoria similitudinii vitezelor pulsatorii a lui Karman.

2.4.2. Modele de turbulenta

In continuare se prezinta cele mai folosite modele de turbulenta utilizate de

programele CFD, programele au fost folosite la simularile prezentate in capitolul 4.

Modelul k-

Vascozitatea turbulenta:

pr =pCuk? Je (2.74)
Ecuatia energiei cinetice a turbulentei:
ok ok oU; 0 ok
—+pU; —=Tjj — L —pe+ —| (U +ur JoK )— 2.75
P T PYI o ST o TP [(u mr k)ale (2.75)

Ecuatia vitezei de disipatie a turbulentei:

2
0 o€ € oU; € 0 0
= +pU;j — =Ceq1=Tjj —L-C — + o )— | (2.76
P TPUS o =Cet Tl o ~CeaP axj{(” ur / s)ale( )
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Coeficientii:
Cey =144, Cgr =192, C, =009, o0k =10, o0¢=13
Relatii auxiliare:
w =£/(Cyuk)
I =Cuk3? Je

Modelul k-®

Vascozitatea turbulenta:
T =pk/w
Ecuatia energiei cinetice a turbulentei:
ok ok ou;

p——+pU =T; ~Bpkw + -2 (u WY, jak
ot T e T g ox T )ox;

Ecuatia vitezei specifice de disipatie a turbulentei:

0w 0w W i aU,
Pt PV T - Bpw +6J{(N our
Coeficientii:
5 3 % 1 « 1
a=—, =—, =0.09, o==, o ==
9 A 40 p 2 2
Relatii auxiliare:
£ =B wk
I =k 2 Jo

)aa)
6XJ

|

(2.77)
(2.78)

(2.79)

(2.80)

(2.81)

(2.82)

(2.83)

BUPT



3. DINAMICA INTERACTIUNII FLUID
STRUCTURA ELASTICA

In forma cea mai generald, modelarea matematici a problemelor de
dinamica interactiunii fluid structurd elastica (fluid structure interaction FSI)
necesita cuplarea ecuatiilor care definesc atat miscarea fluidelor (computational fluid
dynamics CFD), cele care definesc miscarea structurii din dinamica fluidelor
(computational structural dynamics CSD) céat si probleme de dinamica retelei
discrete de calcul (computation mesh dynamics CMD).

Cuplarea matematica a ecuatiilor fundamentale ale celor trei domenii:

- exista doua tipuri de baza ale algoritmilor de cuplare:

- simultana

- independenta
in cazul cuplérii simultane, ecuatiile CFD care descriu curgerea fluidului si ecuatiile
CSD care descriu comportarea structuri sunt tratate ca un singur sistem cuplat de
ecuatii si sunt rezolvate simultan. in cazul independent ecuatiile CFD si CSD sunt
rezolvate independent una fata de alta.

Cazul simultan este recomandat pentru probleme structurale mici, dar este
adesea incet si necesitda un sistem de calcul puternic cu mult spatiu de memorie.

Cazul independent necesita mai putind memorie si este mai des folosit.

3.1. Strategii de solutionare

3.1.1. Domeniul fluid

Tratarea domeniului de fluid pentru problemele FSI este identica cu cea
pentru alte probleme CFD, care implica frontiere deplasabile. Este folosita
formularea arbitraré Lagrangian-Eulerian (ALE) pentru asemenea probleme.
Formularea ALE este cea mai convenabila pentru a descrie miscarea fluidului.

Domeniul structural

Domeniul structural a problemelor FSI arata comportament structural neliniar. Acest

comportament poate fi clasificat dupa cum urmeaza:
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- material, Tn care relatia tensiune — deformatie este neliniara

- geometric, pentru care deplasarile si rotatiile sunt mari

Analiza neliniaritatii materialului nu este descrisa aici deoarece
implementarea curentda a FSI este restrictionatd la materiale elastice si izotrope.
Analiza neliniaritatii geometrice a structuri este obisnuit bazata pe formularea
Lagrangeana.

In cadrul acestei formul3ri existd doud abordari:

- Lagrangean total, in care toate variabilele statice si cinematice se

refera la configuratia initiala.

- Lagrangean actualizat, in care toate variabilele statice si cinematice

se refera la ultima configuratie calculata.

Domeniul retelei

Pentru probleme FSI care au deplasari mari ale structuri elastice, reteaua
fluidului trebuie regenerata dupa fiecare updatare a deplasarii structurii. Pentru a
genera o astfel de retea se foloseste un model elastic in care reteaua este modelata
ca un mediu pseudo-elastostatic. Aceasta abordare este relativ simpla si face posibil
controlul distorsiuni retelei cu ajutorul alegerii corecte a proprietatii materialului

elastic pentru mediul pseudo-elastic.
3.1.2. Formularea problemei

in figura 3.1 se prezintd schema generald a unei probleme FSI pentru o

structura elastica cum este o antena parabolica.

S-a notat cu, S.Q(t) domeniul ocupat de structura elastica, cu FQ(t)
domeniul de fluid, cu WF(t) suprafata udata, cu SF(t) granita structurii pe care
pot fi aplicate conditii de deplasare pe granita (df) sau conditii de tensiune pe
granitd (9r), FF(t) este frontiera regiunii de fluid unde pot fi aplicate conditii de

vitezd ("T") sau conditii de tensiune (°r). in plus, o parte a [ (t) poate fi
definita ca suprafata libera, caz in care pozitia granitei este cunoscuta sau prescrisa
f

().
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Fig.3.1. Domeniile de separatie la interactiunea fluid structura.
Ilustrare pe o structura de antena parabolica.
Ecuatiile care guverneaza curgerea fluidului

Pentru domeniul fluid, FQ(t) , sistemul de ecuatii Navier Stokes (2.26), scris fata

de un sistem de referintd ce se deplaseazéd cu viteza 0,, avdnd componentele,
@1,&2,&3 ), devine:

du; ~ \ OUj ~ ) OUj ~ \ OUj
—L tlug -ag)—L+luy -0 +luz -0 =
g 0) 2y -2) 2 -05)
:f,-—iap +V6ué+6u,2 6ué (i:1,2,3)
p oxj 0X 1 0X 2 0X3
caruia i se ataseaza ecuatia de continuitate:
Zﬁizo (2.5)
— OXj

]

BUPT



3.1. - Strategii de solutionare 43

In cazul miscérii laminare pentru fluidul real incompresibil tensiunile normale
exprimandu-se prin relatiile deduse in capitolul 2:

oj =p+2ni. i-123 (2.24)
ax,.
iar cele tangentiale prin relatiile:
ouj ouj . ..
Ojj =N —+—1|=0y;;, V,Jj=12,3;i=# 2.25
ij n[@Xj ox; ] Ji ( J J) ( )

Ecuatiile care guverneaza structura

Echilibrul dinamic al unui element de volum dV de pe structura este dat de sistemul
de ecuatii diferentiale:
2, 0065 00(S e0lS
ps 9 - 20 20 T30 pfi (1-1,2,3) (3.2)
di? ox g Xy X3
unde ps este masa specifica a elementului de volum ale carui legi de miscare dupa
axele sistemului fix de referintd OXiX2Xs sunt qi(Xi,X2,X3,t), Q2(X1,X2,X3,t) si

qs(x1,x2,X3,t), fi(x1,x2,x3,t) sunt componentele fortei de volum, al.(js (i,j=1,2,3) sunt
componentele tensorului simetric al tensiunilor pe structura:
0(511 0512 0(S13
o(s =sj o(550 o(5,3 (3.3)
o(s33

indicele s fiind necesar pentru separarea componentelor tensorului tensiunilor pe
elementul de fluid.
In cazul structurii elastice componentele tensorului tensiunilor pot fi
exprimate functie de componentele tensorului de deformare:
€11 €12 €13
£ =5j €22 €23|, (3.4)
€33
prin relatiile constitutive, care respecta legea lui Hooke:

E . .
O-Igs:m[(l —Vkii +V(£Jj +Ekk)1' (/,],k :1,2,3;1?5] ik) (35)
care sunt tensiuni normale, si tensiunile tangentiale:

.(.5 _ E . Foa - .

oj; _1+v£'J' (i,j=1,2,3;i=j) (3.6)

E este modulul de elasticitate a lui Young iar v este coeficientul lui Poisson.
Componentele tensorului de deformatie se determina prin variatia

geometrica a structurii definita prin legile de deplasare ale punctelor structurilor
q1(x1,%2,X3,t), Q2(X1,X2,X3,t) si qs(x1,%2,x3,t), astfel incat deformatiile longitudinale pe
cele trei directii sunt date de relatia:

&ji :8qi(X1/X2/X3),. i=1,2,3 (3.7)

X

si lunecarile date de relatia:
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1[aqi(xl,XZ,X3,l‘)+an(X11X21X3/t),, i,j=1,2,3 i=%j (3.8)

j =Yy 2 axj X

Campul de deformatii al structurii elastice este unic determinat prin indeplinirea
celor sase relatii diferentiale de compatibilitate:

2. ey e
CE i PV 21,230 %]
x5 ox OXjOX j
J 2 , (3.9)
T T EIk ek CC0 . 5_1,2,3;i%]k

X jOXk @XI_Z oxjox;  oxjoxy
Ecuatiile de curgere (3.1) si de deformare dinamica a structurii (3.2) se cupleaza
prin intermediul conditiilor de margine astfel ca pe suprafata structurii elastice care
ocupa la momentul t domeniul SF(t), tensiunile:

ojin; =o,g.s (3.10)

De asemenea, se impun conditii de viteze pe acelasi domeniu SI“(t):
t) = 991(X1,X2,X3,t)
dt

Integrarea ecuatiilor diferentiale (3.1) si (3.2) se face plecand de la conditiile
initiale:

Ui(Xl,XZ,Xj', (311)

gi =qi(0)| . s

. . 0 3.12

o oo} S0 (3:12)
pentru structura si:

up =ui(0)| . f

ol —0,—(0)} in" Q0) (3.13)

pentru fluid.

O formulare energetica globala in care cele doua modele sunt considerate impreuna
ca un sistem energetic este data in lucrarea [16], unde se da o extensie a
principiului lui Hamilton asupra volumului de control:

d d 1 (= - _
E(Ec_str +Ep st )/C +E(EC _fluid )/C = EISC it pu (U —Veontr )7d5 +
n G(pA ~Tine Mis + j G(pA ~Text Hs
Isc “int lp7 ~Tine SC —ext P ~Text
unde Ec_ str Si Ep str sunt energiile cinetica si respectiv potentiala, sau de deformatie,

ale structurii din interiorul volumului de control (VC) al fluidului.
Ec fia este energia cinetica particulelor fluidului din interiorul volumului de control:

1 2
Ec _fuid =7 'fp(U) dv (3.15)
vc

U=u(xs,x2,x3,t) fiind vectorul vitezd de curgere a fluidului prin punctul P de
coordonate xi,x2,X3 din interiorul volumului de control.
Partea stanga a ecuatiei (3.14) reprezinta variatia in timp a energiei sistemului fluid
structura, (energie totald), care trebuie compensata de variatia sumei energiilor,
introdusa in sistem pe suprafata de control (SC) si din energia variatia energiei

(3.14)
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%I pU? (i ~Voner Jids ) indusd prin suprafata de control si variatia energia
SC —int

disipata prin forfecarea intre straturile fluidului,
'[ J(pﬁ—r',-nt)ds+j G(pA ~Text s, Tint §i Text fiind tensiunile tdietoare in
SC -int SC -ext

interiorul si exteriorul volumului de control, n este vectorul unitar normal la
suprafata de control. Vectorul n este definit pozitiv in afara suprafetei de control

Un exemplu lamuritor este dat in figura 3.2. unde se prezintd senzorul bidirectional
destinat masurarii presiunii vantului pe doua directii perpendiculare, conceput si
realizat special pentru testarea antenei parabolice. Presiunea creata de rafala de
vant asupra corpului senzorului 1, in cazul de fata cilindric, produce un moment
incovoietor asupra elementului sensibil 2 care se deformeaza, proportional cu
presiunea curentului de aer avand viteza V.

Primul termen din stanga al ecuatiei (3.14) poate fi scris fara dificultate:

%( ¢_str +Ep_st | =6y 6, ko8, ~mgLsine, ) (3.16)
unde 0,=0,(t) este legea de rotatie a corpului 1 al senzorului in jurul axei Oy de
deformare a lamelei 2 de sensibilitate a senzorului, J este momentul de inertie al
corpului senzorului in raport cu axa Oy, m este masa acestuia. Cu ko s-a notat
constanta elastica de incovoiere a Iargelei 2 in raport cu axa Oy.

Fig. 3.2. Ilustrarea interacgiuﬁii fluid structurd pentru un senzor de presiune
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46 Dinamica interactiunii fluid structura elastica - 3

Urmatorii termeni ai ecuatiei nu pot fi determinati pe cale analiticd si de aceea
rezolvarea se face prin metode hibride, implicand analiticul si experimentul sau
metode numerice de integrare. Ecuatia (3.14) reprezintd ecuatia integrala de
transport. Termenul din partea stanga reprezinta variatia in timp a energiei
mecanice in interiorul volumului de control (VC). Acest termen exprima variatia in
timp a energiilor cinetica si potentiala ale structurii si variatia in timp a energiei
cinetice a fluidului dintr-un volum de control fix. De asemenea este luata in
considerare si energia datoratd miscarii volumului de control prin spatiul de curgere.
Partea dreapta contine termeni integrali ce exprima energia de transport de-a lungul
marginilor volumului de control. Ca rezultat, acestea dau fortele de antrenare a
structurii, iar ultimele integrale corespund pierderilor energetice prin frecare
vascoasa intre straturile volumului de control.

3.2. Rezolvare numerica a ecuatiilor diferentiale care
guverneaza dinamica sistemului fluid - structura

3.2.1 Discretizarea structurii elastice

Pentru o structura complexa, cum este antena parabolica, rezolvarea, pe
cale analitica, a celor doud ecuatii (3.1) si (3.2) a interactiunii fluid structura, este
practic imposibil de realizat, chiar si pentru structuri cu geometrii mult mai simple.

Astfel, pentru structura elastica amplasata in volumul de fluid se considera
ca pozitia sa deformata la orice moment poate fi determinata de pozitiile a Ns puncte
materiale Psi(x1,X2,X3) apartinand structurii nedeformate, carora li se ataseaza pana
la 6xNs legi de miscare independente qi(t) (i=1,2,3,...6xNs), dintre care trei translatii
si trei rotatii.

O prima aproximare in procesul de discretizare este considerarea ca orice
lege de miscare a unui punct curent apartindnd structurii se exprima prin
intermediul unei relatii de forma:

nc
q(f/X1/X2/X3)=Z¢i(x1,X2/X3)qi(t) (3.17)
i=1
unde ®i(x1,X2,X3) sunt asa numitele functii de forma, functii analitice aproximative
care trebuie sa indeplineasca numai anumite conditii cum sunt conditiile punctuale
de continuitate.

Astfel, daca punctul curent coincide cu un punct Ps(Xir,X2r,X3r) selectat al
structurii, avand o componentd q-(t,Xir,X2r,X3r) @ legii sale de miscare, impune
urmatoarele relatii intre functiile de forma:

¢r(X1r/X2r/X3r):1;
@ (X1r,Xor,x37)=0; i=1,2,3,..nc i=zr

Cand domeniul de existentd al functiilor de fortd este extins asupra intregii
structuri relatia (3.17) este de tip Ritz. In acest caz functiile de forma sunt extrem
de complexe si de aceea s-au dezvoltat forme specifice unor structuri cum sunt
structurile aerospatiale.

Metoda elementelor finite imparte structura intr-un numar foarte mare de
elemente geometrice (fig.3.3), plane pentru cazul 2D sau spatiale pentru cazul 3D.

(3.18)
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X¢
Fig. 3.3. Retele de elemente finite pentru problema interactiunii fluid structura. Aplicatie 2D pe
o structurd de antena parabolica

Fiecdrui element geometric, definit prin coordonatele sale geometrice, in
puncte numite noduri i se atribuie pana la 6 legi de miscare independente
functional. Aceasta prezinta avantajul ca functiile de forma pot fi functii simple, de
obicei polinoame, ale caror coeficienti se determina prin conditiile (3.18) impuse.

Cu aceste forme se pot calcula din expresiile deformatiilor normale:

" _6qi(X1/X2/X3/t)_ S 6¢/<(X1/X2/X3) . .
g = o _kz_; o aklt)y i=12,3 (3.7)
si a celor tangentiale, de alunecare:
nc nc
. _i a@k(X11X2/X3) a@r(X1/X2/X3)
EIJ _YIJ _2 kgl 6XI qk(t)+r:1 aXJ Qr(t)+ (3.8’)

/I/J =1/2/3;i ¢j
Vectorul coloana de deformatie, in punctul P al unui element finit, este de
forma:

El=t11 €22 e33 €12 €13 €23] =i x2,%3)gunc)e ) (3.19)
unde [sf’(xl,xz,x_—,»)](sxnc) 0 matrice functionald dreptunghiulard ncx6 ale cirei

elemente provin din functiile de forma derivate partial in raport cu xi1, X2 Si X3, iar
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vectorul matrice coloana {qge(t)}, care contine ca elemente cele nc legi de miscare ce
aproximeaza miscarea elementului, este de forma:

Get)=lg1(t) ax(t) qz(t) ... gne(t)V (3.20)

Prin intermediul relatiilor (3.5) si (3.6) dintre tensiuni si deformatii si a
relatiilor (3.17) de aproximare se obtine vectorul matrice coloana al tensiunilor:

Oe}= Lf(su 00522 0533 ol°12 o%s3 0(523}T = [2x1, %2, %3 )lg nc e €)} (3.21)
unde [>(x7,x>,x3 )](6 xnc)este, de asemenea, este o matrice dreptunghiulara.

Energia potentiala de deformare a structurii este o forma integrala:

Eq_str -3 [E] belav - Zlace)] KetJace)) (3.22)
20)

unde vectorul matrice coloand {q(t)} inglobeaza legile de miscare ale tuturor
punctelor ce formeaza reteaua de noduri (mesh) prin care se defineste structura
deformata.
[Kst] este matricea de rigiditate a structurii, elementele sale rezultdnd din forme
integrale de tipul: ( ) ( )

- OB \X1,X2,X3) 0Pr\X1,X2,X3

kst(i,j) = ZISQ(O)aU ox; o dv (3.23)

ajj fiind constante ce rezultd in urma ordonarii termenilor dupd produsele qig;.
Prin derivare in raport cu timpul a relatiei (3.17) se obtine viteza punctului curent al
elementului:

nc
G, x1,x2,x3)= D @i(x1,x2,x3)d; ¢) (3.24)
i=1
cu ajutorul careia se poate calcula energia cinetica a structurii:
1 . T (-
Ec _str =5 Jpst{Q(t,X1,X2,X3)} et x1,x2,x3)fdv =
$00) (3.25)

:%{q(t)}T[Mst]{ci(t)}

unde elementele matricei de inertie a structurii au forma:
Mg (i, j) = I D (xX1,X2,X X1,X2,X3)dv 3.26
st(i ) =ps ) 5 00) (X1, %2, %3 )0 (x1,%2,%3) (3.26)

Pentru studiul antenei ca o structura plana in 2D cea mai simpla retea este
reteaua cu elemente finite triunghiulare, cum este elementul 1;2:3¢ (fig.3.3c si d)

fiecarui nod atribuindu-se cate doua translatii, dupa axele OX; si OX, si o rotatie in
jurul axei OXs, deci numarul total de legi de miscare ale elementului este
nc=3x3=9, dintre care 3x2 sunt comune cu elementele invecinate.

3.2.2. Discretizarea fluidului

Pentru un mediu fluidic nodurile retelei sunt puncte fixe, prin care curge
fluidul. Potentialul de viteze ¢(x1,x2,t) al unui punct de curent al unui element
triunghiular 123 (fig3.3c) este aproximat, intr-o prima forma, printr-o relatie liniara:
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P(x1,x2,t) =ap +aixy +azxz (3.27)
pentru cele trei noduri 1, 2 si 3, ale varfurilor triunghiului de potentiale ¢1(t), ¢2(t) si
¢3(t), se pot determina coeficientii ag, a1 si ax:

ao Q1(t)
ar { =BRe2(t) (3.28)
az P3(t)
unde matricea:
1 xgl xgl -
Bl=[1 x{? x{? (3.29)
1 xg3 xg3

x(; si x( fiind coordonatele varfului i (i=1,2,3) al elementului triunghi.
Componentele vitezei de curgere in punctul curent al elementului:

G(X1,X2,t) =igul(X1,X2,t) +i2u2(X1,X2,t) (3.30)

M:al; UZ(X1,X2,U=M=82 (3.31)
O0X 1 OX 2

ceea ce face ca acestea sa fie constante pe domeniul elementului, aceasta fiind o

aproximare grosiera.
Pentru aproximari mai bune se utilizeaza forma patratica:

U1(X1/X2/t) =

@(x1,x2,t) =apg +aijxy +axxo +a3x12 +a4X1x2+a5x§ (3.32)
pentru care componentele vitezei in punctul curent al elementului:
ul(xy, xo,t) _ 99(x1,X2,t) =aj; +2a3Xj +aqxo

X1 (3.33)
u2(xqy,x2,t) :W:az +agXi +2asxp

deci dependente linear de coordonatele x1 si x2 ale punctului

Cele sase constante a; se determind considerand componentele
u1G(xdy,xdz,t) si u2U(xdy,xbs,t) (j=1,2,3) independente intre ele.

O forma de aproximare mai complexa are ca baza componentele vitezelor de
curgere din cele trei noduri 1,2,3 (fig.3.3c). Vectorii t;(t) , de componente ui(t) si

ux(t), uy(t) , de componente us(t) si us(t) si uz(t) , de componente us(t) si us(t)

formeaza o baza pentru aproximarea componentelor vitezei unui punct curent
P(x1,x2) din interiorul elementului:

6
ul(xz,xz,t) = Z'f’li(XLXz)Ui(t)

=1 (3.34)
6
U2(x1,X2,t) = D ¥2i(x1,X2)ui(t)
i=1
W1i(x1,x2) si W2i(xi,x2) fiind functii de forma care, de asemenea, trebuie sa
indeplineasca conditii de tip (3.18)
Energia cinetica a elementului k din reteaua volumului de control este de
forma:
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E(kC_f/de :% J.P[(UI(XLXZ/['))Z +(UZ(X1/X2/t))2:PV
Vk

6 (3.35)
1
:52 UinIP(Tli(X1,X2)W1j(X1,X2) +Y’2i(X1,X2)Y’2j(X1,X2)}jV
i,j
iar prin insumare, energia cinetica a fluidului din volumul de control:
1
Ec _ fluid =5{U(t)}T[Mf]{U(t)} (3.36)

Aici, vectorul matrice coloanad {u(t)}@nm1) are ca elemente componentele
vitezelor de curgere prin toate cele nf noduri ale retelei volumului de control.
Matricea patratd [Mrinmanf) este matricea maselor de fluid reduse in nodurile retelei
volumului de control.

Sub forme similare, matriceale, se pot obtine si ceilalti termeni energetici, cum sunt
cei din (3.14).

3.2.3. Racordarea retelei fluidului la reteaua structurii

Sub actiunea fortelor fluidice de suprafatd (pe °r(t)) structura imersatd se

deformeaza. Pentru a putea fi scrise ecuatiile discretizate ale sistemului fluid
structurd va trebui ca cele doua retele (mesh-uri) sa aiba noduri comune. Cum

reteaua fluidului este definita cu noduri fixe in domeniul F.Q(O) fnseamna ca
elementele nodurile de pe suprafata retelei de fluid, comune cu cele ale elementelor
structurii, trebuie s8 migreze dupa nodurile retelei, cel putin cele de pe 7(t).
Astfel, elementul triunghiular (fig.3.3d) va avea nodurile, in stare initiala la
viteze de curgere zero: 1o, Si 305, comune fluid structurd, pe 1 (0), si 2 un nod pe
F.O(O). La momentul t, sub actiunea sarcinilor cu care fluidul actioneaza asupra
structurii aceasta se va deforma antrenand dupa ea punctele comune 1os Si 3¢5 care

se vor deplasa in 1s si 3s pe®r(t), deformadnd elementul deoarece nodul 2
apartinand fluidului ramane fix.
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X
3

Fig. 3.3d. Ilustrarea deformarii elementelor finite fluid structura cu noduri comune
In aceasta situatie se pot pune conditile ca in punctele laturii comune

1535 vectorul vitezei de deplasare g(t) sa fie egal cu vectorul vitezei de curgere,

deoarece punctele fluidului aflat pe 7(t) aderd la suprafata structurii.

Operatia de ajustare a retelei fluidului este cunoscuta ca regenerare a mesh-
ului fluidului dupa fiecare pas de iteratie in timpul procesarii calculului numeric.

Pentru a ajusta reteaua, aceasta este tratata ca un mediu pseudo-
elastostatic si este folosit acelasi algoritm general care este folosit pentru a calcula
deplasarile structurii. Conditiile de granita ale retelei difera de acelea pentru
structura prin aceea ca doar conditiile de deplasare pe granita sunt permise. Conditii
de granita care implica tensiuni sau forte proportionale cu deplasarile nu au nici o
semnificatie pentru retea. Pentru a minimaliza deformatia retelei, este folositd o
tehnica pentru controlul distorsiunii fiecarui element in parte. Problema principala a
modelarii retelei ca un mediu elastostatic este ca solverul nu garanteaza productia
de retea in zona in care lipsesc elemente deformate. Distorsiunea retelei poate fi
controlata cu ajutorul matricei de elasticitate a elementelor materialului pseudo-
material.

In marea majoritate a aplicatilor, reteaua este cea mai deasa in regiunea
localizata in apropierea structurii. O tratare simpla a retelei ca un mediu pseudo-
elastic izotrop si omogen tinde sa distorsioneze elementele mici din zonele critice.
Acest comportament poate fi depdsit, distribuind proprietatile materialului in asa fel
incat elementele mici ale retelei localizate in apropierea structurii sa fie mai rigide
decat elementele care sunt mai departe de structura. Este posibil, de exemplu, ca sa
fie folosite proprietdti anizotropice si neomogene ale materialului care sunt invers
proportionale cu parametrul distorsiune. Avantajul major a acestei abordari este
bazarea lui pe proprietatile elastice care pot fi eficient folosite pentru controlul
calitatii retelei prin raspunsul materialului a pseudo-mediului si este deci o abordare
pe baze fizice.

Alegand proprietatile in mod adecvat se poate reduce considerabil nevoia
pentru regenerarea retelei local sau global.
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52 Dinamica interactiunii fluid structura elastica - 3

Algoritmul regenerari retelei foloseste un parametru scalar al distorsiunii

56/ ca un indicator al elementului: 5e/ =<Z>é//cpg/, i este numarul iteratiei, 0
reprezinta reteaua initiala.

Modulul lui Young al fiecarui element este calculat cu relatia urmatoare:
Eo) =E9( &y )", EC este modulul de elasticitate introdus de utilizator, n este o

constanta definita de utilizator, 3’e/ este calculat de program.

Metoda pentru calcularea distorsiunii elementului depinde, in parte, de tipul
elementului.

Pentru elemente cu 3 noduri parametrul de distorsiune a elementului este
definit prin relatia:

ol - = BiCE) (3.37)
ri(t)

Ri(t) si ri(t) fiind razele cercurilor circumscris si respectiv inscris in elementul
triunghiular.

3.2.4. Forme discrete ale ecuatiilor diferentiale ce guverneaza
interactiunea fluid structura

Programele de elemente finite destinate solutionarii problemelor de
interactiune fluid structurd, cum sunt programul FIDAP si programul CFX au
algoritmi de procesare ce se bazeaza pe schema din figura 3.4

Conditii de suprafata

Tep=:
. ens"’hl

al'cin v =
; : Pl‘esiu " ‘
E E = Structura
L J m“"ﬂa"
i 55\"\ pe
Dinamica Mesh ch suP
i cne™ e W

Fig.3.4. Schema de procesare a problemei interactiune fluid - structura
e Sistemul de ecuatii care aproximeaza dinamica fluid ajunge la forma:

Mlet+vev o)l i+ plvi-elip) - (3.38)
[M] reprezintd matricea de inertie a fluidului iar [N], [D] si [C] sunt matricele
convectiva, difuziva si divergenta. Vectorul {f! reprezintd vectorul de excitatie al
fortelor externe. Vectorii coloanda {a}, {v} si {p}, contin legile de variatie ale
acceleratiilor, vitezelor si presiunilor nodurilor sistemului cuplat fluid-structura, {7}
reprezinta vectorul vitezelor retelei. Matricele [M], [N], [D] si [C] Tmpreunad cu
vectorul coloana {f} sunt dependente de timp.
Sistemului de ecuatii diferentiale (3.38) i se ataseaza sistemul liniar:
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T v}=0} (3.39)

care deriva din legea conservarii masei fluidului.
Vectorii coloana {a}, {v} {p} si {f} au formele partitionate:

Fa F, Fr
al=1"al, V=L r=tF (3.40)
Sa v Sf

unde vectorii {Fa}, {Fv}, Si {Ff} sunt asociati domeniului fluidic F.Q(t); vectorii
{”a_}, {”v_}, si {Uf_} sunt asociati domeniului Y7 de la suprafata ; Vectorii {sa}, {Sv},

Si SF I sunt asociati domeniului WF(t) suprafetei udata pe structura elastica, pe

care se impun relatiile:
Fvi=isv}  Faj={Salre) (3.41)

Ecuatia conservarii momentului (3.38) poate fi scrisa sub forma:
uFp uup USpy u- uFp uupy USpy u=

ar;+ vVt

a
i ) . (3.42)
FFp Fup FSpl(Fy Fc 7
uFp uwup usp JY L _lue pl=1ur
iar ecuatia legii conservarii masei (3.39) sub forma partitionata:
F
v
[FCT ucT SCT}UV -} (3.43)
Sy

In cazul cuplarii tari ecuatiile de mai sus se rezolva in forma in care sunt. In
cazul cuplarii slabe ele trebuie rearanjate astfel ca necunoscutele sa fie in mod
explicit:

[l - [rell- (77} -[ron] [ow]] 3
[lrew] ew (o] (el
[FCT }[FV} - ,[ucr HW}[SCT }{Sv} (3.45)

Incarcarea aplicaté de fluid pe corpul elastic in zona suprafetei udate, WF(t) este
definita de:

(3.44)
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Fa F

e}l (o] (w25 ] [ (=]

. (3.46)

[=ro] [=o] (<ol |-{zeloi={
e Sistemul de ecuatii care aproximeaza dinamica structurii este de forma:
[SM:{Sa}+[Sk}{Sq}= {SF}+{SE} (3.47)

[SM} , [Sk}, sunt matricele, masei si respectiv de rigiditate ale structurii, iar {Sf}

< | <

P . L S-
vectorul incarcarii exterioare. { f} este vectorul fortelor masice iar { t} este

vectorul incarcarii aplicata de fluid asupra corpului elastic pe suprafata udata, Wr,
{sq} este vectorul deplasarilor nodale iar:

Satt)|= Sqt)} (3.48)

este vectorul acceleratilor nodurilor retelei structurii.

e Sistemul de ecuatii care aproximeaza dinamica meshului

In cazul modelului de retea pseudo-elastostatica, reteaua este tratata ca o
structura elastostatica pe care tensiunile sunt impuse datorita miscarii structurii.
Deplasarile sunt obtinute prin urmatoarea ecuatie:

Kla}-=0} (3.49)
, [/5] fiind matricea de rigiditate, 5} vectorul deplasarilor incrementale ale retelei.
Sistemul de ecuatii (3.47) poate fi scris sub forma partitionata:

FFel [FWyg
K1l
[ - . {W‘Z}_{O} (3.50)
[SWK} [SSK} g 0
Pe granita domeniului de fluid deplasarile retelei sunt impuse de
urmatoarele conditii de granita:
u
= r

bil-talrrce)
Impunerea acestor conditii conduce la urmatoarea ecuatie:
[FFK“}{Fa}: _[FWK}{/V&E

care arata ca miscarea retelei fluidului este condusa de miscarea corpului elastic.

(3.52)

e Pasii prin codul FIDAP pentru rezolvarea problemei FSI sunt
urmatorii:
Initierea solverelor CFD, CSD, CMD
Inceputul buclei de timp
CFD:

W=
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a)

b)

c)

d)

e)
f)

9)

h)
i)

j)
k)

Impunerea conditiilor initiale si de granita( u1",‘71“,f1“) si conditiile
de compatibilitate pe Wr(t) .

Determinarea campului de viteza si de presiuni in FQ(t) .

. . . |S=- W -
Calcularea vectorului tensiune pe suprafata udata, { t} = —{ t}

Cea e , . . . . sz
Aplica incarcarile exterioare si tensiunea fluidului, { t} .

Impunerea conditiilor initiale si de granita pe SF(t) .
Integrarea ecuatiei de miscare pentru determinarea vectorilor
deplasarilor, vitezelor si acceleratilor corpului

elastic( g} 56} 54 ).

Calculeaza campul de deplasari pe suprafata udata, {Nq}, si
actualizeaza pozitia suprafetei.

Alegerea parametrilor dinamici ai retelei
Determina reteaua tinand cont de formularea ALE si de deplasarile

« W=
corpului pseudo-elastic pe suprafata udata ( d) .

Actualizeaza geometria retelei.
Calculeaza campul de viteze a retelei.

Sfarsitul buclei de timp.

3.3.

Analiza interactiunii fluid structura rigida prinsa
elastic

Structura reprezinta un cilindru de diametru D = 0.025 m si fluidul este aer.

in figura 3.5 este prezentat fenomenul interactiunii fluid structur3.

Simularea este realizatd in 2D. In figura 3.6 este prezentatd reteaua de

elemente finite a modelului geometric. Reteaua de elemente este mai densa in

apropierea cilindrului. Simularea este realizata pentru 3 viteze de curgere a fluidului
diferite: 6.8630 m/s, 7.2239 m/s, 7.5850 m/s. in figura 3.7 sunt prezentate legile

de miscare pentru cele 3 viteze. In figura 3.8 este prezentat spectrul celor trei legi

de miscare.
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Fig.3.5. Interactiunea fluid structura

Fig.3.6. Reteaua de elemente finite
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3.3. - Analiza interactiunii fluid structura rigid
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.3.7. Legiile de miscare ale cilindrului la diferite viteze

Fi

eaupny|duy

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

26 27 28 29 30 31

25

fHz

Fig.3.8. Spectrul legilor de miscare
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4. SIMULARI ALE ACTIUNII VANTULUI PE
DIVERSE STRUCTURI

Asa cum s-a aratat in precedentele capitole studiul interactiunii fluid
structurd este deosebit de complex, programele de simulare numerica elaborate
pentru utilizatori nu pot cuprinde toate aspectele problemei si de aceea s-au
dezvoltat coduri dedicate cum sunt: FIDAP, ANSYS CFX, LINFLOW.

Din punct de vedere al interactiunii fluid structura antena parabolica prezinta
o serie de particularitati. O situatie aparte o prezinta structura de tip deschisa a unei
antene parabolice, compusa din structura cu suprafata parabolica, cu perete subtire,
stalpul de sustinere si bratul in consola al receptorului. Miscarile relative de tip
rezonant dintre suprafata parabolica si receptor pot perturba receptia semnalului
captat, mai ales in domeniul transmisiilor de frecvente ultrainalte (microunde).
Pentru analiza interactiuni fluid - structura trebuie sa se urmareasca regimurile de
curgere la care apar efecte dinamice, cu efecte de vartejuri perturbatoare stationare
si nestationare, simularea rafalelor de vant asupra structurii, simularea raspunsului
structural si verificarea pe cale experimentald a unora dintre acestea. Pentru o
structura de antena parabolica (fig. 4.1.a) efectele sunt mult mai complexe si nu pot
fi cuantificate prin formule simple, ci numai prin rezolvarea pe cale numerica a
ecuatiilor constitutive de curgere, obtinandu-se distributiile cdmpului de presiuni
(fig. 4.1.b) la nivelul suprafetei structurii, cu ajutorul carora se pot calcula sarcinile
induse de curgerea quidl1.|Iui.

—

2A0e+03
W 2120403

1 1 B5e+03
1 E57o+03

pr 1 2os+03
. 1028403
7 alasr02

45am02

1 B7e+0Z
I -8 8de+01
—-36850+02

Fig. 4.1.:a) structurd antenei parabolice; b) campul de presiuni

a)

Pentru regimuri de curgere turbulentd distributia cdmpurilor de presiune
devin variabile sarcinile ce actioneaza asupra structurii antenei inducdnd miscari
vibratorii de tip rezonant, dupa modurile naturale de vibratii ale structurii elastice.
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4.1. - Curgerea peste un cilindru 59

in cazul antenei, dacd efectul rezonant apare dupd un mod natural al cdrui forma
releva miscari relative de amplitudini mari, dintre suprafata parabolica 1 (fig. 4.1.a)
si receptorul 2, amplasat prin consola 4 in focarul suprafetei parabolice, se produc
perturbatii deranjante in procesul de receptie al semnalului, mai ales in cazul
transmisiilor in banda microundelor.

Pentru intelegerea fenomenelor care apar la interactiunea fluid (aer) si
structura antenei s-au simulat curgeri peste diverse structuri cum ar fi: simularea
2D a curgerii peste cilindru, simularea 2D a curgerii peste o placa, simularea 3D a
curgerii  peste un cilindru incastrat la ambele capete, curgerea peste antena
utilizand programul COSMOS, simulare 3D pe antena a interactiunii fluid structura
cu ajutorul programului ANSYS-CFX.

4.1. Curgerea peste un cilindru

In figura de mai jos sunt schitate datele de intrare ale problemei. Cilindrul
are diametrul D=0.25 m. Domeniul de analiza este un dreptunghi de dimensiuni
2x0,5 m. Viteza de intrare este 0.005 m/s. Datoritd simetriei, problema se
simplifica, doar jumatate de cilindru este calculat.

2m

\ \ 7\ 7 / ‘\ A

0.25m
0.5m

AR AR ’." \ / '\.\ ’."
FoNS NS NS /N
/ \/ \/ \/ /

\J \-
\
\/

\ S
\ /
%

Fig.4.2. Schita problemei

Tipul de element utilizat este FLUID141 de forma patrulater, element folosit
in cazul simuldrii curgerilor fluidelor pentru varianta 2D. Simularea este facutd
pentru cazul curgerii stationare, regimul de curgere este laminar si datoritd vitezei
mici de curgere a fluidului acesta este considerat incompresibil. Deoarece curgerea
este adiabatica simularea se face fara rezolvarea ecuatiei de temperatura.
Algoritmul de rezolvare folosit este SIMPLEF. Numarul de iteratii folosit pentru
simulare este de 1000.
Fluidul este aer avand urmatoarele proprietati:densitatea 1.205 kg/m3 si
vascozitatea dinamica 1.8135E-05 Pa s. Algoritmul folosit pentru determinarea

BUPT



60 Simulari ale actiunii vantului pe diverse structuri - 4

vitezelor este “Tri-Diagonal Matrix” (TDMA). Algoritmul folosit pentru rezolvarea
ecuatiei de presiune este “Preconditioned Conjugate Gradient".

Codul aplicatiei este urmatorul:

/PREP7
BLC4,0,0,2,0.5
CYL4,0.5,0,0.125
ASBA,1,2
ET,1,FLUID141
NUMCMP,LINE
LPLOT
LESIZE,1,0.02
LESIZE,2,0.02
LESIZE,3,0.02

Comanda
/PREP7

BLC4,0,0,2,0.5

CYL4,0.5,0,0.125

ASBA,1,2
ET,1,FLUID141
NUMCMP,LINE
LPLOT
LESIZE,1,0.02
LESIZE,2,0.02
LESIZE,3,0.02
LESIZE,4,0.02
LESIZE,5,0.02
LESIZE,6,0.02
LESIZE,7,0.02

AMESH, 3

LESIZE,4,0.02
LESIZE,5,0.02
LESIZE,6,0.02
LESIZE,7,0.02
AMESH, 3

FLDA,PROT,DENS,AIR-

SI

FLDA,PROT,VISC,AIR-

SI

DL,3,,VX,0.005,1

DL,3,,VY,0,1

FLDA,PROT,DENS,AIR-SI

FLDA,PROT,VISC,AIR-SI

DL,3,,VX,0.005,1

DL,2,,VX,0.005,1 /SOLU

DL,2,,VY,0,1 FLDATA,ITER,EXEC,1000
DL,6,,VY,0,1 SOLVE

DL,7,,VY,0,1 SAVE

DL,5,,VX,0,1 FINI

DL,5,,VY,0,1 /POST1

DL,4,,VX,0,1 SET,LAST

DL,4,,VY,0,1 PLNSOL,V,SUM
DL,1,,PRES,0,1 FINI

Functia comenazii

intrarea in preprocesor pentru crearea
modelului.

genereaza o arie dreptunghiulara care
are coordonatele punctelor de pe
diagonala principala 0,0 si 2,0.5
genereaza o arie circulara avand centrul
in punctul de coordonate 0.5,0 si raza
0.125

extrage aria 2 din aria 1 (extrage din
aria dreptunghiulara aria circulara)
defineste tipul de element ca fiind
element de fluid 2D

comprima numerele linilor

afiseaza pe ecran liniile

defineste pentru linia 1 lungimea
elementului ca fiind 0.002

defineste pentru linia 2 lungimea
elementului ca fiind 0.002

defineste pentru linia 3 lungimea
elementului ca fiind 0.002

defineste pentru linia 4 lungimea
elementului ca fiind 0.002

defineste pentru linia 5 lungimea
elementului ca fiind 0.002

defineste pentru linia 6 lungimea
elementului ca fiind 0.002

defineste pentru linia 7 lungimea
elementului ca fiind 0.002

imparte in elemente aria 3

seteaza densitatea fluidului ca fiind cea
a aerului

seteaza vascozitatea fluidului ca fiind
cea a aerului

defineste constrangeri pe linia 3, viteza
VX=0.005
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DL,3,,VY,0,1
DL,2,,VX,0.005,1
DL,2,,VY,0,1
DL,6,,VY,0,1
DL,7,,VY,0,1
DL,5,,VX,0,1
DL,5,,VY,0,1
DL,4,,VX,0,1
DL,4,,VY,0,1
DL,1,,PRES,0,1

/SOLU
FLDATA,ITER,EXEC,1000

SOLVE
SAVE

FINI
/POST1

SET,LAST
PLNSOL,V,SUM

FINI

defineste constrangeri pe linia 3, viteza
VY=0

defineste constrangeri pe linia 2, viteza
VX=0.005

defineste constrangeri pe linia 2, viteza
VY=0

defineste constrangeri pe linia 6, viteza
VY=0

defineste constrangeri pe linia 6, viteza
VY=0

defineste constrangeri pe linia 5, viteza
VX=0

defineste constrangeri pe linia 5, viteza
VY=0

defineste constrangeri pe linia 4, viteza
VX=0

defineste constrangeri pe linia 4, viteza
VY=0

defineste constrangeri pe linia 4,
presiunea PRES=0

face intrarea n procesorul Solution
seteaza numarul de iteratii, la valoarea
1000

porneste procesorul de rezolvare a
problemei

salveaza toate informatiile curente in
fisierul baza de date

face iesirea din orice procesor ANSYS
face intrarea in preprocesorul de
rezultate

citeste ultimul set de date, din fisierul
de rezultate

afiseaza suma vitezelor sub forma de
contururi continue

face iesirea din orice procesor ANSYS

Fig.4.3. Liniile modelului geometric
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Fig.4.4. Ariile modelului geometric
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Fig.4.6. Reteaua de elemente a modelului geometric

Fig.4.7. Campul de viteze

Fig.4.8. Campul de presiune
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4.2. Curgerea peste o placa plana

Fluidul este aerul la presiunea si temperatura normala. Placa este de 0.001
m grosime si lungime de 1 m. Domeniul de analizd este un patrat cu latura de 2 m.
Viteza de intrare este de 0.072764 m/s. In figura de mai jos este prezentata
schematizat problema.

2m

— Im

Fig.4.9. Schita problemei
Tipul de element folosit este FLUID141, forma elementului aleasa pentru
aceasta simulare este cea triunghiulara. Curgerea este stationara, cu regim laminar
fluidul fiind incompresibil. Curgerea fiind adiabatica nu se rezolva ecuatia de
temperatura. Algoritmul folosit este SIMPLEF, cu un numar de 500 de iteratii. Se
foloseste aerul, cu densitatea 1.205 kg/m?3 si vascozitatea dinamica 1.8135E-05 Pa

s. Pentru determinarea vitezelor se foloseste algoritmul “Tri-Diagonal Matrix”

(TDMA). Rezolvarea ecuatiei

“Preconditioned Conjugate Gradient".
Codul aplicatiei este urmatorul:

/PREP7
ET,1,FLUID141
FLDA,PROT,DENS,AIR
-SI
FLDA,PROT,VISC,AIR-
Sl

K,1,-1,1

K,2,0,1

K,3,1,1

K,4,-0.5,0

K,5,0,0

K,6,0.5,0
K,7,-0.5,-0.001
K,8,0,-0.001
K,9,0.5,-0.001
K,10,-1,-1

K,11,0,-1

K,12,1,-1

Comanda
/PREP7

A,1,2,5,4,7,8,11,10
LESIZE,ALL,,,20
A,2,3,12,11,8,9,6,5
KSEL,S,KP,,4,6
LSLK,S,1
KSEL,S,KP,,7,9
LSLK,A,1
LESIZE,ALL,,,200
KSEL,S,KP,,2,5,3
LSLK,S,1
LESIZE,ALL,,,30,0.0
1

KSEL,S,KP,,8,11,3
LSLK,S,1
LESIZE,ALL,,,30,100
KSEL,S,KP,,1,10
LSLK,S,1
KSEL,S,KP,,3,12
LSLK,A,1

KSEL,S,KP,,1,3
LSLK,S,1

KSEL,S,KP,,10,12

LSLK,A,1

LESIZE,ALL,,,10

ALLSEL
MSHAPE,1,2D
AMESH,ALL
LPLOT
/PNUM,KP,1
/SOL

DL,8,,VX,0.072764,
1

DL,3,,VX,0,1
DL,3,,VY,0,1
DL,4,,VX,0,1
DL,4,,VY,0,1
DL,5,,VX,0,1

Functia comenzii

de presiune se face cu ajutorul algoritmului

DL,5,,VY,0,1
DL,12,,VX,0,1
DL,12,,VY,0,1
DL,13,,VX,0,1
DL,13,,VY,0,1
DL,14,,VX,0,1
DL,14,,VY,0,1
ALLSEL

LPLOT
DL,1,,PRES,0,1
DL,7,,PRES,0,1
DL,9,,PRES,0,1
DL,10,,PRES,0,1
DL,11,,PRES,0,1
FLDATA,ITER,EXEC,50
0

SAVE

SOLVE

SAVE

intrarea in preprocesor pentru crearea

modelului.
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ET,1

FLDA,PROT,DENS,AIR-SI

FLDA,PROT,VISC,AIR-SI

K,1,-1,1
K,2,0,1

K,3,1,1
K,4,-0.5,0
K,5,0,0
K,6,0.5,0
K,7,-0.5,-0.001

A2,3,12,11,8,9,6,5

KSEL,S,KP,,4,6
LSLK,S,1

KSEL,S,KP,,7,9
LSLK,A, 1
LESIZE,ALL,,,200
KSEL,S,KP,,2,5,3
LSLK,S,1
LESIZE,ALL,,,30,0.01

KSEL,S,KP,,8,11,3
LSLK,S,1

LESIZE,ALL,,,30,100

KSEL,S,KP,,1,10
LSLK,S,1

KSEL,S,KP,,3,12
LSLK,A,1

LESIZE,ALL,,,20

KSEL,S,KP,,1,3
LSLK,S,1

FLUID141 tip de element de fluid 2D.
seteaza densitatea fluidului ca fiind cea a
aerului

seteaza vascozitatea fluidului ca fiind cea a
aerului

defineste punctul 1 de coordonate -1,1
defineste punctul 2 de coordonate 0,1
defineste punctul 3 de coordonate 1,1
defineste punctul 4 de coordonate -0.5,0
defineste punctul 5 de coordonate 0,0
defineste punctul 6 de coordonate 0.5,0
defineste punctul 7 de coordonate -0.5,-
0.001

defineste punctul 8 de coordonate 0,-0.001
defineste punctul 9 de coordonate 0.5,-
0.001

defineste punctul 10 de coordonate -1,-1
defineste punctul 11 de coordonate 0,-1
defineste punctul 12 de coordonate 1,-1
defineste aria avand coordonatele punctele
1,2,5,4,7,8,11,10

defineste aria avand coordonatele punctele
2,3,12,11,8,9,6,5

selecteaza punctele 4, 5, 6

selecteaza liniile care contin punctele
selectate 4,5,6 (liniile 3, 14).

selecteaza punctele 7, 9

adauga la liniile deja selectate si liniile care
contin punctele selectate 7,8,9 (liniile
5,12).

defineste numarul de elemente pentru
liniile selectate (3, 5, 12, 14) la valoarea
200

selecteaza punctele 2 si 5

selecteaza linia care contine punctele
selectate 2,5 (linia 2)

defineste numarul de elemente pentru linia
selectata (2) la valoarea 30, ratia de 0,01
selecteaza punctele 8 si 11

selecteaza linia care contine punctele
selectate 8, 11 (linia 6).

defineste numarul de elemente pentru linia
selectata (6) la valoarea 30, cu ratia de
100

selecteaza punctele de la 1 la 10

selecteaza liniile care contin punctele
selectate, de la 1 la 10 (liniile 8, 11, 9, 2,
3,5,4,14,12, 13)

selecteaza punctele de la 3 la 12

adauga la liniile deja selectate si liniile care
contin punctele selectate, de la 3 la 12
(liniile 1, 6, 7, 10)

defineste numarul de elemente pentru
liniile selectate (1, 2, 3, 4,5,6,7,8,9, 10,
11, 12, 13, 14) la valoarea 20

selecteaza punctele 1, 2 si 3

selecteaza liniile care contin punctele
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KSEL,S,KP,,10,12
LSLK,A,1
LESIZE,ALL,,,10
ALLSEL
MSHAPE,1,2D
AMESH,ALL
LPLOT
/PNUM,KP,1
/SOL
DL,8,,VX,0.072764,1
DL,3,,VX,0,1
DL,3,,VY,0,1
DL,4,,VX,0,1
DL,4,,VY,0,1
DL,5,,VX,0,1
DL,5,,VY,0,1
DL,12,,VX,0,1
DL,12,,VY,0,1
DL,13,,VX,0,1
DL,13,,VY,0,1
DL,14,,VX,0,1
DL,14,,VY,0,1
ALLSEL

LPLOT
DL,1,,PRES,0,1
DL,7,,PRES,0,1
DL,9,,PRES,0,1
DL,10,,PRES,0,1

DL,11,,PRES,0,1

FLDATA,ITER,EXEC,500

SAVE
SOLVE

selectate 1, 2, 3 (liniile 1 si 9)

selecteaza punctele 10, 11, 12

adauga la liniile selectate 1 si 9 liniile 7, 11
defineste numarul de elemente pentru
liniile selectate (1, 9, 7, 11) la valoarea 10
selecteaza toate entitatile geometrice
defineste forma elementului, ca fiind
triunghiulara, iar 2D se refera la faptul ca
modelul geometric este in plan

genereaza noduri si elemente in toate ariile
selectate

afiseaza toate liniile

afiseazd numerele pentru fiecare linie

face intrarea in procesorul Solution
defineste constrangerile pe linia 8, inclusiv
in punctele de capat, viteza VX = 0.072764
m/s

defineste constrangerile pe linia 3, inclusiv
in punctele de capat, viteza VX = 0
defineste constrangerile pe linia 3, inclusiv
in punctele de capat, viteza VY = 0.
defineste constrangerile pe linia 4, inclusiv
in punctele de capat, viteza VX = 0
defineste constrangerile pe linia 4, inclusiv
in punctele de capat, viteza VY = 0
defineste constrangerile pe linia 5, inclusiv
in punctele de capat, viteza VX = 0
defineste constrangerile pe linia 5, inclusiv
in punctele de capat, viteza VY = 0
defineste constrangerile pe linia 12, inclusiv
in punctele de capat, viteza VX = 0
defineste constrangerile pe linia 12, inclusiv
in punctele de capat, viteza VY = 0
defineste constrangerile pe linia 13, inclusiv
in punctele de capat, viteza VX = 0
defineste constrangerile pe linia 13, inclusiv
in punctele de capat, viteza VY = 0
defineste constrangerile pe linia 14, inclusiv
in punctele de capat, viteza VX = 0
defineste constrangerile pe linia 13, inclusiv
in punctele de capat, viteza VY = 0
selecteaza toate entitdtile geometrice
afiseaza toate liniile

defineste constrangerile pe linia 1, inclusiv
in punctele de capat, presiunea PRES = 0
defineste constrangerile pe linia 7, inclusiv
in punctele de capat, presiunea PRES = 0
defineste constrangerile pe linia 9, inclusiv
in punctele de capat, presiunea PRES = 0
defineste constrangerile pe linia 10, inclusiv
in punctele de capat, presiunea PRES = 0
defineste constrangerile pe linia 11, inclusiv
in punctele de capat, presiunea PRES = 0
seteaza numarul de iteratii

salveaza toate datele

porneste procesorul de rezolvare a
problemei
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Fig.4.10. Punctele modelului geometric

Fig.4.12 Ariile modelului geometric
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Fig.4.11. Liniile modelului geometric
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Fig.4.14. Reteaua de elemente a modelului
geometric marita

Fig.4.13. Reteaua de elemente a modelului
geometric

Fig.4.15. Conditiile de granita
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Fig.4.16. Campul de viteze Fig.4.17. Campul de viteze detaliu fata

Fig.4.18. Campul de viteze - detaliu spate

4.3. Interactiunea fluid - structura elastica. Curgerea
peste un cilindru elastic incastrat la ambele capete

Domeniul de fluid este un paralelipiped cu dimensiunile 0.8 m x 0.6 m x 0.5
m. Cilindrul este de diametru 0.1 m cu lungimea de 0.5 m. Tipul de element folosit
pentru domeniul de fluid este FLUID142, element hexaedru avand 8 noduri ,
element folosit pentru simuldrile 3D. Pentru discretizarea cilindrului este folosit tipul
de element SOLID45, element hexaedru cu 8 noduri, elementul este folosit pentru
discretizarea structurilor solide 3D. Pentru cilindru au fost definite urmatoarele
caracteristici de material: densitatea 7800 kg/m3, modulul lui Young 2.1 101! N/m?
si coeficientul lui Poisson 0.3. Curgerea este nestationard, cu regim de curgere
turbulent, fluidul fiind incompresibil. Curgerea fiind adiabatica nu se rezolva ecuatia
de temperatura. Este setata posibilitatea ca nodurile retelei sa se poata deplasa. Se
foloseste aerul, cu densitatea 1.205 kg/m?3 si vascozitatea dinamica 1.8135E-05 Pa
s. Pentru determinarea vitezelor se foloseste algoritmul “Tri-Diagonal Matrix”
(TDMA). Rezolvarea ecuatiei de presiune se face cu ajutorul algoritmului
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“Preconditioned Conjugate Gradient". Pentru determinarea energiei cinetice
turbulente si a vitezei de disipatie a energiei cinetice turbulente se foloseste
algoritmul “Tri-Diagonal Matrix” (TDMA). Modelul de turbulenta folosit este k —¢ .
Coeficientii modelului de turbulenta sunt: CMU=0.09, C1=1.44, C2=1.92, SCTK=1,
SCTD=1.3. Raportul de turbulenta este de 1000. Intensitatea la intrare a turbulentei
este de 0.01. Factorul de scara de lungime a turbulentei este 0.01. Este setata
optiunea interactiunii fluid solid (FSI). Este specificat parametrul FSOR care
stabileste ordinea analizei pentru interactiunea fluid solid, in acest caz analiza
domeniului de fluid este facuta inaintea domeniului solid. Este setatd optiunea
nestationara atat pentru domeniul de fluid cat si pentru domeniul solid. Timpul total
de calcul este de 0.05 s, cu pasul de timp de 0.01 s.

e

Fig.4.19. Liniile modelului geometric Fig.4.20. Ariile modelului geometric

Fig.4.21. Volumele modelului geometric Fig.4.22. Reteaua de elemente a modelului
geometric
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Fig.4.23. Conditiile de viteza pe granita Fig.4.24. Conditiile de presiune pe frontiera

pe

Fig.4.25.Campul de vitezd in planul median  Fig.4.26.Campul de deplasari al cilindrului la

pas 1

&

Fig.4.27. Campul de deplasari al cilindrului Fig.4.28. Campul de deplasari al cilindrului
la pas 2 la pas 4
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Codul aplicatiei este urmatorul

UNITS,SI
/PREP7
ET,1,142
ET,2,45
ET,3,141
ET,4,42
KEYOPT,1,4,1
KEYOPT,3,4,1
MSHA,0

MSHK, 1
FLST,3,6,8
FITEM,3,-0.5E-
01,0.5E-01,0
FITEM,3,0.5E-
01,0.5E-01,0
FITEM,3,0.4,0.5E-
01,0
FITEM,3,-0.4,0.5E-
01,0

FITEM,3,-
0.4,0.35,0
FITEM,3,0.4,0.35,0
K,,P51X
LSTR,4,5
LSTR,5,6
LSTR,6,3
LSTR,3,2
LSTR,4,1
FLST,3,1,8
FITEM,3,0,0.1,0
K,,P51X
LARC,1,2,7,0.05
FLST,2,6,4
FITEM,2,5
FITEM,2,1
FITEM,2,2
FITEM,2,3
FITEM,2,4
FITEM,2,6
AL,P51X
K,8,0,0.05,0
CIRCLE,8,0.05
FLST,2,4,4
FITEM,2,9
FITEM,2,10
FITEM,2,7
FITEM,2,8
AL,P51X

FLST,3,2,5,0RDE,2
FITEM,3,1
FITEM,3,-2

AGEN, ,P51X, , , ,-

0.05,,,,1
FLST,3,1,5,0RDE,1
FITEM,3,1
ARSYM,Y,P51X,
,0,0

NUMMRG, KP
NUMCMP,ALL
LESI,1,,,12,-1,1
LESI,2,,,20,-1,1
LESI,3,,,12,-1,1
LESI,4,,,12,-1,1
LESI,5,,,12,-1,1
LESL,6,,,8,-1,1
LESI,11,,,8,-1,1
LESI,7,,,4,-1,1
LESL,S,,,4,-1,1
LESL,9,,,4,-1,1
LESI,10,,,4,-1,1
LESI,12,,,12,-1,1
LESI,13,,,20,-1,1
LESI,14,,,12,-1,1
ASEL,S,,,2
AATT,, 4
ASEL,INVE
AATT,,,3

MSHA,0

MSHK,0

ALLS

AMESH,ALL
AGEN,?2,2
ACLEAR,2
ADEL,2,,,1

TYPE, 1
FLST,5,2,5,0RDE,2
FITEM,5,1
FITEM,5,3

ASEL,S, , ,P51X
ESIZ,,6
VEXT,ALL,,,0,0,0.5
ASEL,S,,, 4
TYPE,2
VEXT,ALL,,,0,0,0.5
ALLS

ACLEAR,ALL
ETDEL,3

ETDEL,4
FLST,5,4,5,0RDE,3
FITEM,5,1
FITEM,5,-3
FITEM,5,11
ASEL,S, , ,P51X
NSLA,S,1
D,ALL,VX,0
D,ALL,VY,0
D,ALL,VZ,0
D,ALL,UZ,0
D,ALL,UX,0
FLST,5,4,5,0RDE,2
FITEM,5,17
FITEM,5,-20
ASEL,S, , ,P51X
NSLA,S,1
SF,ALL,FSIN,1
FLST,5,2,5,0RDE,2
FITEM,5,6
FITEM,5,15
ASEL,S, , ,P51X
NSLA,S,1
SF,ALL,FSIN,1
FLST,5,2,5,0RDE,2
FITEM,5,10
FITEM,5,12
ASEL,S, , ,P51X
NSLA,S,1
D,ALL,UX,0
D,ALL,UY,0
D,ALL,UZ,0
D,ALL,VX,1
D,ALL,VY,0
D,ALL,VZ,0
FLST,5,2,5,0RDE,2
FITEM,5,8
FITEM,5,14
ASEL,S, , ,P51X
NSLA,S,1
D,ALL,PRES,0
FLST,5,2,5,0RDE,2
FITEM,5,4
FITEM,5,16
ASEL,S, , ,P51X

NSLA,S,1
D,ALL,UX,0
D,ALL,UY,0
D,ALL,UZ,0
FLST,5,2,5,0RDE,2
FITEM,5,9
FITEM,5,13
ASEL,S, , ,P51X
NSLA,S,1

D,ALL,VY,0
D,ALL,UY,0

ALLS

FINI

/SOLU
FLDA,SOLU,FLOW, 1
FLDA,SOLU,ALE, 1
FLDA,SOLU,TURB, 1
FLDA,SOLU, TRAN, 1
FLDA,ITER,EXEC,20
FLDA,PROT,DENS,AIR-SI
FLDA,PROT,VISC,AIR-SI
FLDATA24,TURB,MODL, 1
FLDATA24, TURB,CMU,0.09,
FLDATA24,TURB,C1,1.44,
FLDATA24,TURB,C2,1.92,
FLDATA24,TURB,SCTK, 1,
FLDATA24,TURB,SCTD,1.3,
MP,EX,1,2.1E11
MP,NUXY,1,0.3

MP,DENS, 1,7800
FSAN,ON
FSCO,ALL,1.0E-1
FSRE,ALL,0.5

FSOU,1

FSIT,5

FSTI,0.05

FSDT,0.01

FSOR,FLUID

FSTR,SOLID,
FSTR,FLUID,
DELTIM,0.01
FLDA,TIME,STEP,0.01
SAVE

SOLVE

SAVE
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4.4. Analiza curgerii peste structura antenei considerata
fixa utilizand programul COSMOS

Cu ajutorul programului de analiza cu element finit COSMOS s-au obtinut
rezultatele de mai jos. In figuri se prezintd cdmpurile de vitezd si de presiune in
cazul unei curgeri a aerului in jurul unei antene parabolice. Miscarea aerului este
turbulenta, nestationara, viteza variind dupa o lege sinusoidala cu amplitudinea de
30 m/s. Analiza curgeri s-a facut pe o perioada de 1 s, cu pasul de timp de 0.01 s.
Cémpurile prezentate corespund momentelor 0.1 s, 0.2 s, 0.3 s, 0.4 s.

Fig.4.29. CAmpul de viteze la t=0.1 s Fig.4.30. Campul de presiune la t=0.1s

Fig.4.31. Campul de viteze lat = 0.2 s Fig.4.32. Campul de presiunelat=0.2's
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Fig.4.33. Campul de viteze lat = 0.3 s Fig.4.34. Campul de presiune la t = 0.3

Fig.4.35. Campul de viteze lat = 0.4 s Fig.4.36. Campul de presiune la t = 0.4s
Antena parabolicd este o structurd directionata dupd sursa de emisie a semnalului
radio sau TV, amplasata in aer liber fara a fi ecranata de alte structuri. In aceste
conditii structura antenei parabolice este supusa unei sarcini dinamice complexe
provenite din vant a carui intensitate si directie sunt imprevizibile. Vantul are, in
general, o curgere puternic turbulenta iar interactiunea curentului sau cu structuri
elastice produce efecte nestationare, ale caror sarcini dinamice au un spectru larg,
fapt ce duce cu usurinta la inducerea pe structura elastica a unor vibratii de nivele
inalte de tip rezonant.

4.5. Simularea interactiunii fluid structura antena, in
3D, utilizand programul ANSYS-CFX

Cu ajutorul programului ANSYS se simuleaza interactiunea fluid - structura
in cazul antenei parabolice. Structura antenei parabolice este rotita la diferite
unghiuri in jurul axei verticale, unghiurile la care s-au facut simularile sunt 0°, 45°,
90°, 135° 180°. Simuldrile sunt facute cu modulul ANSYS Multi-field (MFX).
Utilizarea acestui modul implica analiza domeniului de fluid in CFX, iar analiza
structurii in ANSYS.

BUPT



4.5. - Simularea interactiunii fluid structura antena, in 3D, utilizand
programul ANSYS-CFX 73

Cele doua module sunt cuplate tot timpul calculului, rezultatele calculate la
un anumit pas de timp, cu modulul CFX, sunt transferate la modulul care analizeaza
structura din ANSYS. Geometria antenei este realizatd in modulul ANSYS
DesignModeler, apoi este importata in modulul ANSYS Simulation. Se seteaza
caracteristicile de material: densitatea 2700 kg/m3, modulul de elasticitate 7e10 Pa,
coeficientul lui Poisson 0.345 corespunzatoare aluminiului. De asemenea se seteaza
tipul de analiza ca flexibil dinamic. In cadrul tipului de analiza, flexibil dinamic, se
seteaza pasul de timp si timpul total. De asemenea se seteaza interfata fluid
structura.

Am recurs la o simplificare a modelului dinamic al antenei, legatura elasticd de
prindere a antenei prin suportul tubular a fost inlocuitd cu un grup de arcuri.
Constante arcurilor s-au ales in asa fel incat frecventa primului mod natural de
vibratii al sistemului reflector grup de arcuri sa fie apropiata valoric de cea a
primului mod, determinata experimental pe structura reald. (14,28 Hz), campurile
de viteze si presiuni din volumul de control nu se modifica in urma acestei
simplificari, suprafata reflectorului scaldata de fluid fiind mult mai mare in
comparatie cu a celorlalte elemente. In urma acestei simplificari se reduce mult
timpul de calcul, care si asa pentru o rulare a modelului simplificat poate ajunge
pana la 24 de ore, pentru un mesh de 9804 elemente, rularea facdndu-se pe o
statie SUN cu doua procesoare.

Antena este suspendata de 12 arcuri (Fig.4.37.), arcurile sunt introduse cu ajutorul
urmatoarelor lini de comanda:

/PREP7 N,,0.35649E-01,1,0.22859  E,1399,2275
ET,2,COMBIN14 E,1236,2270 N,,-1,-0.22627,-0.24664
R,1,12600 N,,0.35649E-01,0.24892,1  E,1414,2276

TYPE,2 E,1236,2271 N,,0.34967E-01,-1,-0.24664
REAL,1 N,,-1,0.24892,0.22859 E,1414,2277

N,,0.35620E-01,0.25418,-1
E,1233,2267
N,,0.35620E-01,1,-0.22251
E,1233,2268
N,,-1,0.25418,-0.22251
E,1233,2269

E,1236,2272
N,,-1,-0.24013,0.21494
E,1399,2273
N,,0.32420E-01,-1,0.21494
E,1399,2274
N,,0.32420E-01,-0.24013,1

N,,0.34967E-01,-0.22627,-1
E,1414,2278
NSEL,S,,,2267,2278
D,ALL,ALL

ALLS

FINISH

Comanda Functia comenzii
ET,2,COMBIN14 setarea tipului de element
R,1,12600 setarea constantei elastice

N,,0.35620E-01,0.25418,-1
E,1233,2267
NSEL,S,,,2267,2278

crearea nodului care determind capatul de arc
crearea elementului de arc
selectarea nodurilor capete de arc

D,ALL,ALL

constrangerea nodurilor capete de arc

Rotirea antenei se realizeaza cu ajutorul unui
Multiphysics Macroul pentru rotirea nodurilor antenei la 45 de grade este prezentat

in continuare.
PI=4*ATAN(1.0)

MULT =12

PI15=PI/MULT

ANG =PI15%*3
*DIM,k_,ARRAY,2278,4,1, , ,
*DO,1,1,2278,1
*GET,nx_,NODE,I,LOC,X

macrou in programul ANSYS

nzl_=nz_*COS(ANG)-nx_*SIN(ANG)
*VFILL,k_(I,1),DATA,I
*VFILL,k_(1,2),DATA,nx1_
*VFILL,k_(I,3),DATA,ny_
*VFILL,k_(1,4),DATA,nz1_
*CFOPEN,'antenal’,'txt'," '
*VWRITE,k_(1,1),k_(1,2),k_(1,3),k_(1,4)

BUPT



74 Simulari ale actiunii vantului pe diverse structuri - 4

*GET,ny_,NODE,I,LOC, Y (F9.0,TL1,3e20.9e3)
*GET,nz_,NODE,I,LOC,Z *ENDDO
nx1_=nz_*SIN(ANG)+nx_*COS(ANG) *CFCLOS

Fig.4.37. Antena cu arcurile in pozitia de 45 de grade
Dupa ce setarile de mai sus sunt facute se exporta setarile intr-un fisier cu extensia
*.inp.
Mesh-ul este realizat in modulul Meshing din ANSYS Workbench. Mesh-ul are 2393
de noduri si 9804 de elemente.
Setarea pentru domeniul de fluid se face in modulul ANSYS CFX-Pre.
Se importa mesh-ul domeniului de fluid, care este facut cu modulul Meshing. Se
seteaza tipul simularii ca tranzient, timpul total,pasul de timp. De asemenea se
seteaza modulul ANSYS Multi-field si fisierul input care a fost exportat din modulul
Simulation.

Se alege fluidul, aer, avand densitatea de 1.185 kg/m3 si vascozitatea dinamica de

1.831e-05 kg m1s—1

Se seteaza modelul de turbulenta k —& , model de turbulenta prezentat in capitolul
2.

Se seteaza conditiile de frontiera:

- freewalls - fetele laterale ale domeniului de fluid (paralelipiped); ; conditia de
frontiera setata este “WALL"” (perete); locatia setata este data de suprafetele
F23.21, F24.21, F25.21, F26.21; optiunea este de alunecare libera (free slip) a
fluidului.
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BOUNDARY:freewalls Option = Stationary END
Boundary Type = WALL MESH MOTION: WALL INFLUENCE ON
Location=F23.21,F24.21,F25.21,F26.21 BOUNDARY CONDITIONS: FLOW:

Option = Free Slip
- inlet - suprafata prin care intra fluidul; tipul de conditie de frontiera este “INLET”
(zona de intrare a fluidului); locatia setatd este data de suprafata F22.21; regimul
de curgere a fost setat pe subsonic; s-a setat viteza de intrare in domeniul de fluid
ca fiind data de functia MyVelX(t). Au fost facute simulari pentru doud functii de
viteza, o functie de crestere a vitezei de la 0 la 60 m/s si o functie de viteza care are
valorile unei rafale de vant. Rafala de vant a fost extrasa dintr-un semnal
inregistrat, valorile inregistrate fiind multiplicate cu un factor de amplificare pentru a
aduce valoarea medie a vitezei rafalei de intrare in simulare la 30 m/s. Functiile de
viteza MyVelX(t) au forma data in figurile 4.38 si 4.40. Componentele pe directiile y
si z ale vitezei vantului au valoare 0, simularea a fost facuta avand viteza vantului
doar pe directia x. S-a setat intensitatea turbulentei ca fiind de valoare medie..

BOUNDARY:inlet MASS AND MOMENTUM: MESH MOTION:

Boundary Type = INLET Option = Cartesian Velocity Option = Stationary
Location = F22.21 Components END

BOUNDARY CONDITIONS: U = MyVelX(t) TURBULENCE:

FLOW REGIME: V =0[ms"-1] Option = Medium Intensity
Option = Subsonic W =0 [msn-1] and Eddy Viscosity Ratio
END END

- interface - suprafetele antenei; tipul de conditie de frontiera este “WALL"” (perete);
locatia setata este datda de suprafetele F18.21, F19.21, F20.21; pentru “MESH
MOTION” (deplasarea mesh-ului) s-au setat optiunile "ANSYS MultiField”, “"ANSYS
Interface = FSIN_1", “Receive from ANSYS = Total Mesh Displacement”- dupa
calculul realizat in modulul ANSYS Multiphysics se trimite catre modulul CFX
deplasarea totala a mesh-ului, “"Send to ANSYS = Total Force”- dupa calculul realizat
in modulul CFX se trimite catre modulul ANSYS Multiphysics forta totald; tot acest
transfer intre cele doua module se realizeaza pe suprafetele de interfata; optiunea
de curgere la perete este fara alunecare (No Slip); optiunea pentru rugozitatea
peretelui este neteda (Smooth Wall).

BOUNDARY:interface MESH MOTION: Send to ANSYS = Total
Boundary Type = WALL ANSYS Interface = FSIN_1 Force
Location=F18.21,F19.21,F20.21 Option = ANSYS MultiField END
BOUNDARY CONDITIONS: Receive from ANSYS = Total ~WALL INFLUENCE ON FLOW:
Mesh Displacement Option = No Slip
END

WALL ROUGHNESS:
Option = Smooth Wall

- outlet - suprafata de iesire a fluidului; tipul de conditie de frontiera este
“OPENING” (deschidere); locatia setata este datda de suprafata F27.21;directia de
curgere a fost setata normald pe suprafata de iesire; regimul de curgere a fost setat
ca subsonic; sa setat presiunea relativda 0 Pa; deplasarea mesh-ului este setata ca
stationara; intensitatea turbulentei este de valoare medie;
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BOUNDARY:outlet

Boundary Type = OPENING

Location = F27.21

BOUNDARY CONDITIONS:

FLOW DIRECTION:

Option = Normal to Boundary Condition
END

Option = Subsonic

END

MASS AND MOMENTUM:

FLOW REGIME:

Option = Opening Pressure and Direction
Relative Pressure = 0 [Pa]

END

MESH MOTION:

Option = Stationary

END

TURBULENCE:

Option = Medium Intensity and Eddy Viscosity
Ratio

Pentru cazul simulari antenei la perete (wall) se fac urmatoarele setari: tipul de
conditie de frontiera este “WALL"” (perete); locatia setatd este suprafata F25.21;
deplasarea mesh-ului este setata ca stationara; optiunea de curgere la perete este
fara alunecare (No Slip); optiunea pentru rugozitatea peretelui este neteda (Smooth

wall).
BOUNDARY:wall MESH MOTION: Option = No Slip
Boundary Type = WALL Option = Stationary END

Location = F25.21 END WALL ROUGHNESS:
BOUNDARY CONDITIONS: WALL INFLUENCE ON FLOW: Option = Smooth Wall

Valorile initiale sunt setate cu ajutorul optiunilor de mai jos:
- viteza initiala este data de functia MyVelX(t); presiunea relativa este 0 Pa

INITIALISATION:

Option = Automatic

INITIAL CONDITIONS:

Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value

U = MyVelX(t)

V=0[ms"-1]

W =0 [m s™-1]

END

Setarea solverului:

EPSILON:

Option = Automatic with Value
EN

K:

Option = Automatic with Value
END

STATIC PRESSURE:

Option = Automatic with Value
Relative Pressure = 0 [Pa]

- schema de advectie este setata pe rezolutie ridicata
- criteriul de convergenta RMS - root mean square (valoarea medie patratica)

cu valoarea reziduala de 1e-4

- numarul maxim de iteratii este de 10

- calculul domeniului structural cu modulul ANSYS Multiphisics se realizeaza
dupa calculul domeniului de fluid cu modulul CFX

- este setata metoda de integrare “Backward Euler”

SOLVER CONTROL:

ADVECTION SCHEME:

Option = High Resolution

END

CONVERGENCE CONTROL:

Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops
END

Convergence Target = 1e-3

Under Relaxation Factor = 0.75

END

COUPLING STEP CONTROL:

Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:

Solve ANSYS Fields = After CFX Fields

END
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CONVERGENCE CRITERIA:

Residual Target = 1.E-4

Residual Type = RMS

END

EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:

END

END

TRANSIENT SCHEME:

Option = Second Order Backward Euler
TIMESTEP INITIALISATION:

Option = Automatic

Setarea variabilelor care vor fi scrise de solver si a punctelor monitorizate:
- variabilele care vor fi scrise in fisierele de rezultat sunt presiunea,
deplasarea totald a mesh-ului si viteza
- punctele monitorizate sunt nodurile care sunt pozitionate pe circumferinta
antenei la 90 de grade (nodurile 118, 176, 1, 59) si nodurile de care sunt
prinse arcurile de antena (nodurile 1233, 1236, 1399, 1414)
- variabila listata la nodurile monitorizate este deplasarea totala a mesh-ului

pe cele trei axe x, y, z

OUTPUT CONTROL:
MONITOR OBJECTS:
MONITOR BALANCES:

Option = Full

END

MONITOR FORCES:
Option = Full

END

MONITOR PARTICLES:
Option = Full

END

MONITOR POINT:nodel118x

Cartesian Coordinates = -0.528144 [m],
3.91123e-15 [m], 2.86379 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement X

END

MONITOR POINT:nodel118y

Cartesian Coordinates = -0.528144 [m],
3.91123e-15 [m], 2.86379 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:nodel118z

Cartesian Coordinates = -0.528144 [m],
3.91123e-15 [m], 2.86379 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Z

END

MONITOR POINT:nodel1233x

Cartesian Coordinates = -0.182527 [m],
0.254185 [m], 2.64021 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement X

END

MONITOR POINT:nodel1233y

MONITOR POINT:nodel414y

Cartesian Coordinates = -0.199125 [m], -
0.226271 [m], 2.65773 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:nodel1414z

Cartesian Coordinates = -0.199125 [m], -
0.226271 [m], 2.65773 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Z

END

MONITOR POINT:nodel76x

Cartesian Coordinates = -0.0921372 [m],
0.624941 [m], 2.42779 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement X

END

MONITOR POINT:nodel76y

Cartesian Coordinates = -0.0921372 [m],
0.624941 [m], 2.42779 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:nodel76z

Cartesian Coordinates = -0.0921372 [m],
0.624941 [m], 2.42779 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Z

END

MONITOR POINT:nodelx

Cartesian Coordinates = 0.355736 [m],
2.29613e-16 [m], 1.97991 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
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Cartesian Coordinates = -0.182527 [m],
0.254185 [m], 2.64021 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:nodel1233z
Cartesian Coordinates = -0.182527 [m],
0.254185 [m], 2.64021 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement Z

END

MONITOR POINT:node1236x
Cartesian Coordinates = 0.13643 [m],
0.248921 [m], 2.32121 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement X

END

MONITOR POINT:nodel236y
Cartesian Coordinates = 0.13643 [m],
0.248921 [m], 2.32121 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:nodel1236z
Cartesian Coordinates = 0.13643 [m],
0.248921 [m], 2.32121 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement Z

END

MONITOR POINT:node1399x
Cartesian Coordinates = 0.129062 [m], -
0.240133 [m], 2.33315 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement X

END

MONITOR POINT:node1399y
Cartesian Coordinates = 0.129062 [m], -
0.240133 [m], 2.33315 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:nodel1399z
Cartesian Coordinates = 0.129062 [m], -
0.240133 [m], 2.33315 [m]

Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement Z

END

MONITOR POINT:nodel1414x

Cartesian Coordinates = -0.199125 [m], -

Displacement X

END

MONITOR POINT:nodely

Cartesian Coordinates = 0.355736 [m],
2.29613e-16 [m], 1.97991 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:nodelz

Cartesian Coordinates = 0.355736 [m],
2.29613e-16 [m], 1.97991 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Z

END

MONITOR POINT:node59x

Cartesian Coordinates = -0.080271 [m],
0.624941 [m], 2.41592 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement X

END

MONITOR POINT:node59y

Cartesian Coordinates = -0.080271 [m],
0.624941 [m], 2.41592 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Y

END

MONITOR POINT:node59z

Cartesian Coordinates = -0.080271 [m],
0.624941 [m], 2.41592 [m]

Option = Cartesian Coordinates

Output Variables List = Total Mesh
Displacement Z

END

MONITOR RESIDUALS:

Option = Full

END

MONITOR TOTALS:

Option = Full

END

END

RESULTS:

File Compression Level = Default
Option = Standard

END

TRANSIENT RESULTS:Transient Results 1
File Compression Level = Default
Include Mesh = No

Option = Selected Variables

Output Variables List = Pressure, Total Mesh

Displacement,Velocity
OUTPUT FREQUENCY:
Option = Every Coupling Step
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0.226271 [m], 2.65773 [m]
Option = Cartesian Coordinates
Output Variables List = Total Mesh
Displacement X

END

Se scrie fisierul pentru solver, fisierul are extensia def, el urmeaza sa fie rulat de
catre solver-ul CFX-Solver.

Rezultatele obtinute in urma ruldrii sunt prelucrate de cdtre modulul de
postprocesare CFX-Post. In continuare se prezinta rezultatele simularilor.

Simularea curgerii peste structura antenei pozitionata cu axa la 0° fata de
directia de curgere

Domeniul de fluid este un paralelipiped cu dimensiunile 6 m x 6 m x 12 m.
Directia si sensul vantului este perpendiculara pe fata din dreapta a domeniului de
fluid (reprezentata prin sageata in figura de mai jos).

Fig.4.38. Domeniul de fluid si pozitia antenei

BUPT



80 Simulari ale actiunii vantului pe diverse structuri - 4
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Fig.4.39. Deplasarea nodului de sus al antenei cand viteza la intrare este crescatoare de la 0 la
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Fig.4.40. Graficul vitezei la intrare in domeniul de fluid
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Fig.4.41. Deplasarea nodului de sus al antenei cand viteza de la intrare are forma data in

figura 4.42.
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Fig.4.42. Graficul vitezei la intrare in domeniul de fluid

Simularea curgerii peste structura antenei pozitionata cu axa la 45° fata de
directia de curgere

Fig.4.43. Domeniul de fluid si pozitia antenei
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Fig.4.44. Deplasarea nodului de sus al antenei cand viteza la intrare este crescdtoare de la 0 la
60 m/s (fig.4.40.)
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Fig.4.45. Deplasarea nodului de sus al antenei cand viteza de la intrare are forma data in
figura 4.42.
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Simularea curgerii peste structura antenei pozitionata cu axa la 90° fata de
directia de curgere

Fig.4.46. Domeniul de fluid si pozitia antenei
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0.015 /
dlm] 001
5%10 °
0 —"]
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Fig.4.47. Deplasarea nodului de sus al antenei cand viteza la intrare este crescdtoare de la 0 la
60 m/s(fig.4.40.)
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Fig.4.48. Deplasarea nodului de sus al antenei cand viteza de la intrare are forma data in

Simularea curgerii peste structura antenei pozitionata cu axa la 135° fata

figura 4.42.

de directia de curgere

Fig.4.49. Domeniul de fluid si pozitia antenei
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Fig.4.50. Deplasarea nodului de sus al antenei cand viteza la intrare este crescdtoare de la 0 la
60 m/s(fig. 4.40.)
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Fig.4.51. Domeniul de fluid si pozitia antenei Deplasarea nodului de sus al antenei cand viteza
de la intrare are forma data in figura 4.42.
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Simularea curgerii peste structura antenei pozitionata cu axa la 180°

fata de directia de curgere

Fig.4.52. Domeniul de fluid si pozitia antenei
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Fig.4.53. Deplasarea nodului de sus al antenei cand viteza la intrare este crescdtoare de la 0 la

60 m/s(fig. 4.40.)
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Fig.4.54. Deplasarea nodului de sus al antenei cand viteza de la intrare are forma
data in figura 4.42.

Simularea curgerii peste structura antenei pozitionata cu axa la 135° fata
de directia de curgere, la perete

Fig.4.55. Domeniul de fluid si pozitia antenei
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\

Fig.4.56.Vederea de jos a domeniului de fluid si pozitia antenei
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Fig.4.57. Deplasarea nodului de sus al antenei cand viteza de la intrare are forma data in
figura 4.42.

in anexd sunt date programele pentru simuldrile prezentate in subcapitolul 4.5.
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5. CERCETARI EXPERIMENTALE

Efectele dinamice care iau nastere in timpul actiunii vantului asupra unei
structuri elastice sunt, asa cum s-a aratat in precedentele capitole, deosebit de
complexe, simularea lor prin metode numerice intampindnd, de asemenea,
dificultati majore, printre care resurse masive de calcul. Din acest motiv, chiar si
unde acestea exista, la marile centre de cercetari, se impun si se efectueaza
cercetari experimentale complexe, in tuneluri de vant, pe modele sau chiar pe
structuri la scara naturala.

Neavéand la dispozitie asemenea facilitati tehnice, extrem de costisitoare, am
recurs, pentru structura antenei parabolice, la testari structurale dinamice pe un
stand de laborator, la experimentari in aer liber la actiunea reald a vantului, antena
fiind amplasata pe acoperisul cladirii de Orologerie a Facultatii de Mecanica de la
Universitatea Politehnica din Timisoara (fig.5.17). De asemenea, pentru a provoca o
interactiune controlabila a structurii antenei cu aerul, am plasat antena pe un
vehicul in miscare cu viteza de deplasare impusa crednd astfel o incarcare artificiald
a structurii antenei. S-a plasat antena pe portbagajul unui autoturism Dacia 1300 si
pe sasiul unui autocamion.

5.1. Cercetari de laborator

5.1.1. Verificarea geometrica a profilelor reflectorului
parabolic

Geometria reflectorului parabolic al antenei are un rol important in
focalizarea undelor pe senzorul LNC-ului. Din acest motiv, si din faptul ca nu am
avut la dispozitie documentatia antenei am efectuat masuratori dimensionale de-a
lungul a zece sectiuni ale unui sector de 90° (fig.5.1), utilizand o rigla gradata Rg,
plasata in planul reflectorului parabolic, fata de care s-au masurat cu ajutorul unui
subler adancimile y functie de coordonata x indicata pe rigla gradata.
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Fig. 5.1 Controlul dimensional al reflectorului parabolic
Tabel 5.1. Cotele punctelor pentru zece sectiuni de profiluri radiale ale reflectorului parabolic

x mm | ¢=0° | 9=10° | 9=20° | ¢=30° [ ¢=40° | 9=50° | 9=60° [ ¢=70° | ¢=80° | ¢=90°
y(x) mm

50 15 14 11 154 | 159 |16 15.6 | 15.4 [ 15 13
100 | 29.4 [29.5 [304 [30.1 [30.7 [30.7 [305 |29 28.5 | 27
150 | 42 42.4 [ 435 |43 43.9 |44 43 42.3 | 41.7 [39.5
200 [ 54 54 55.4 | 555 [553 [552 |[54.6 |53.5 |53 51.3
250 [63.8 | 645 |66 66 66.6 | 66.1 | 66 643 |64.3 |61.9
300 |73 73.7 |75 758 | 76.2 |76 75.2 | 75 73.3 | 715
350 [ 81.6 | 81.5 |83 83.9 |85 84.6 [83.7 |[83.2 [828 [80.2
400 | 87 89.3 [ 89 90.6 [91.7 [91.7 [91.8 |91 89.8 [ 87.8
450 | 91.5 [ 94 948 [95.7 |96.7 [973 [97.3 [97.4 [96.4 |94.2
500 | 94.5 | 96.5 [ 99 100.6 | 97 101.7 | 102.3 [ 103.2 | 101 100.3
550 | 97 99 100.1 | 102.5 | 105.2 | 106.1 | 106.5 | 106.9 | 105.7 | 104.9
600 |97.2 [100.3 | 100.5 | 103 106.2 | 108 108.7 | 109.1 | 108.5 | 108.1
650 [97.5 | 98.5 [102 102.6 | 107.4 | 108.7 | 109.6 [ 110.1 | 110.6 | 109.3
700 | 96.5 | 98 100.9 | 101.6 | 106.7 | 108.6 [ 109.7 | 111.2 [ 110.6 | 110
750 [93.2 [ 95.7 [99.6 |101.1 [92.8 [106.7 | 109.1 | 110.2 | 110.3 [ 109.5
800 |87.5 |91 955 |97 99.6 | 103.1 | 106.5 [ 107.3 | 108.3 | 107.1
850 | 81 84.8 |90 92 954 [86.2 |102.5 [103.1 | 104.1 [ 103.7
900 | 73.8 |76 83.6 [84.1 [88.7 [924 |96.3 [98.7 |98.7 [98.7
950 | 649 | 68.4 |74 76 80.2 |84 88 91.2 [919 [92
1000 | 54.1 | 57 61.5 |65 71 75 79 83.4 [83.5 |83.9
1050 | 40 56 49.8 [52.8 |[58.7 |64 69 726 | 737 | 747
1100 | 28 31 36 39.7 [ 459 |51 56 61.8 [62.4 |63.1
1150 | 13.3 [ 17 215 [249 [31.3 [366 |42 46.8 | 49 49.8
1200 | 0 0.4 5.1 7.5 13.6 [19.7 [26.2 |31 34.4 |35
1250 | 0 0 0 0 0 1 8 13.6 | 17.7 [18.7
1300 | 0 0 0 0 0 0 0 0 0 0.2

Pe baza valorilor masurate (tab.5.1.) in figura 5.2. se prezinta grafic cele zece

profiluri transversale radiale investigate, pentru un sector de 90°.
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Fig. 5.2 Reprezentarea profilurilor pentru zece sectiuni intr-un sector de 90° a reflectorului
parabolic

Din motive optice, de concentrarea undelor pe LNC se poate observa ca
paraboloidul reflectorului are o forma putin alungita cu diferenta de 100 mm. S-au
utilizat aceste date pentru constructia modelului antenei. Ca prim pas s-au
aproximat aceste profiluri prin intermediul unor polinoame de ordinul doi (incluzénd
parabola):

y(x)=cp +C1x +c2x2 (5.1)
care va verifica fiecare punct k al profilului formand un sistem de n ecuatii lineare:
Y(Xk) =Yk =Co +C1Xk +C2X£,' k=0,1,2,..n (5.2)

cu trei necunoscute parametrii co, €1 i Ca.
Sistemul fiind supraabundent rezolvarea lui se face prin metoda regresiva a celor
mai mici patrate astfel incat:

co
El={cs (=AY} (5.3)
c2
unde:
_ ] o )
noo Y QXK D Yk
k=1 k-1 k=1
n n n n
Al=| Doxe Doxi D x| siVi=1 D vexk (5.4)
k=1 k=1 k=1 k=1
S 2 L 3 < 4 4 2
DX 2 D D yix?
k=1 k-1 k=1 | k=1

Valoarea maxima a cotei ymax va fi pentru:

X)) 4 205x =0 = x0 = -1 (5.5)
dx 2¢
cu ajutorul carora se poate face o translatie de axe Oxy=00XZ
Y(X) =Ymax —Co —Cl(X_XO)_CZ(X_XO)Z (5.6)

originea Op fiind acum comuna pentru fiecare sistem de axe corespunzatoare celor
zece profiluri.
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5.1.2. Testarea dinamica structurala pe un stand de laborator
[26]

in figura 5.3. este prezentat standul pentru testarea dinamicd a structurii
antenei parabolice, Kathrein CAS 120. Antena este montata pe un bloc metalic rigid,
4, suspendat, prin intermediul a patru curele elastice 5, de un suport metalic auxiliar
6.

Fig. 5.3 Montajul experimental pentru analiza modala a antenei parabolice

Ansamblul celor doud structuri, antena si blocul metalic 4, suspendat de 4
curele elastice, consta intr-un sistem vibrator in care toate cele sase frecvente
naturale de corp rigid sunt foarte joase, sub 3 Hz. In cazul excitarii sistemului
vibrant cu un vibrator 7 la frecventa de excitatie de valoare mai mare de 5-7 Hz,
comportamentul dinamic al sistemului, este unul cunoscut ca free-free, in sensul ca
sistemul poate fi considerat ca izolat din punct de vedere energetic fatda de mediul
fnconjurator.

Pentru structura rigida, 4, avand miscari vibratorii de elongatii mici, legea de
distributie a vibratiei este datd de deplasarea vectorului w a punctului P de-a lungul
structurii (wx, wy, w; sunt componentele de-a lungul axelor sistemului de referintad
fix OoXYZ):

W =Wg +@ xF (5.7)
Wg si @ sunt vectorii miscarii corpului rigid: trei translatii a unui punct arbitrar O
(componentele vectorului wgp ) si trei miscari vibratorii de rotatie (componentele

vectorului ¢ ), F =OP este vectorul de pozitie.
Daca punctul P apartine structurii elastice (antena), la legea (5.7) este atasat
vectorul deformatie ug :
W =Wpg +@Q xI +Ug (5.8)
Miscarea vibratorie a structurii este un proces ciclic de schimbare intre doua

forme de energie: energia cineticd si energia potentiald de deformatie. In aceasts
situatie un model dinamic discret al vibratiei in deformatii trebuie sa fie de forma:

[Me]{‘jd}+[Ke]{‘-’d}=—[Mt]Wo} (5.9)
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unde {ug}nx; este vectorul coloana a deplasdrilor pentru deformatia in n, care

defineste deformatia structurii elastice. Vectorul coloana WO} este de forma:

WO}:{NOX/WOy/WOZ/QDX/QDy/QDZ?' (510)
componentele lui sunt legile de translatie si rotatie ale miscarii de transport a
corpului rigid.
Matricea [Mt] trebuie sa contina masele si momentele de inertie, deduse din
aplicarea metodei de discretizare.

Considerand ca cele doua structuri sunt formate dintr-un sistem de puncte
materiale, putem aplica legea centrului de masa si legea impulsului, care pentru
sistemul liber, free-free (in absenta fortelor exterioare sistemul fiind izolat), sunt de
forma:

Isv_i/"dm -0 (5.11)
si daca punctul O este centru de masa:
iUvaﬁdm) —0 (5.12)
dt \Js

integrala fiind aplicata pe intreaga structura.
Cele doua relatii (5.11) si (5.12) conduc la 6 ecuatii avand urmatoarea forma

matriciala:
Pk v b yys +mMHE 6 Wo sz = 0} (5.13)
unde matricea:

] Jol
[H]{[o] %[]]] (5.14)

este matricea de inertie a structurii nedeformate impartita la m, masa structurii, [J]

fiind matricea momentelor de inertie fata de sistemul de referinta Oxyz (O este
centru de masa).
Din ecuatia (5.9) si (5.13) rezulta ecuatia:

1 7 ..
(]~ 2 e TP+ e Joa - 0) (515)
Masa m este ~ 1200 kg din care doar 18.3 kg reprezintd masa antenei. In aceste
conditii termenii produsului matricial [M¢ IH]*l [D] impé&rtit la valoarea masei m de
1200 kg pot fi neglijati, raportati la termenii matricei de masa [Mo]. In acest
context rezulta sistemul de ecuatii diferentiale:

Me lig §+ [Ke Jug } =0} (5.16)

sistemul de ecuatii a structurii antenei cu suportul fixat in structura rigida.

Datorita fortei de excitatie f(t), introdusa in sistem de vibratorul 7, miscarea
blocului rigid induce structurii elastice a antenei o excitatie inertiala similara cu o
excitatie multipunct.

Aplicand aceasta metoda, toate modurile naturale prezente in domeniul de
testare sunt excitate.

Suspensia de tip liber-liber are un alt important avantaj: structura testata
este izolatd de perturbatiile mediului, care in analiza modald a structurilor cu
amortizare slaba pot afecta foarte mult rezultatele.
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Pentru structurile cu amortizare foarte slaba excitatia armonica, pentru
analiza modala, este foarte dificil de setat stationar la frecventele apropiate de o
frecventd naturala data.

In aceste conditii mai bine este sa se opreasca brusc excitatia cand se obtine
efectul de rezonanta, vibratia libera amortizatd care apare este acordata pe
frecventa modului natural vizat.

5.1.3. Algoritmul pentru estimarea parametrilor modali
folosind semnalele vibratilor libere amortizate [25]

Pentru un model dinamic liniar al structurii legile miscarii liber amortizate
sunt descrise de vectorul coloana al sumei modale:

ba(t)) = i({xr}e“ A (5.17)

r=1
unde valorile proprii A-, A- si vectorii proprii {Xr},{fr}au forme complex
conjugate:
N =-0r+]jpr; N =-0r-]Jbr

_ (5.18)
{)(r}:{)(rR}+j{)(rI}/ {Xr}:{XrR}—j{Xﬂ} (Jj=v-1)
ecuatia (5.17) va ajunge la urmatoarea forma:
n
{u(t)}:ZZe_U"tAr cos(prt + @) (5.19)
r=1
o —tan! )%1? A = X2 +x32 (5.20)

Imaginea in domeniul frecventei a legii de miscare (5.17) se obtine aplicand
transformata Fourier:

wol- Jhcoecar - 3 el

S0 —A o - A
matematic similar cu raspunsul stationar la o excitatie de pulsatie w.

Pentru un semnal inregistrat pe structura care are miscarea vibratorie liber
amortizata componenta modald corespunzatoare unei excitatii de pulsatie o
apropiata de cea proprie modul r (w=p) poate fi aproximata de:

up(w) ~—XRAIXT g e (5.22)
or +j(w-pr)
B, + jC; este o constantd complexa.

in planul complex OReIm (Fig. 5.4.) diagrama Nyquist a () este un cerc C..

Folosind algoritmul de aproximare prin curbe polare, din [25], pot fi estimati
pseudopulsatia pr si or factorul de amortizare modal, rezolvand sistemul de ecuatii
liniare:

J (5.21)

Pr(ws —wi)+0r[(ws — Wi )Tks —(wk —Wj )Tik]:wk(ws —wi)

pr(ws —wi )+ [ws -w; Tis —(wk -w; Tik | = wj (ws -wy)
unde wj, wi Si ws sunt frecventele corespunzatoare la trei puncte reprezentative
P(wi), P(ok) si P(ws) de pe curba C;, obtinute din datele experimentale si:

(5.23)
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1
tg(Bik / 2)

obtinut de asemenea din curba C;. Sistemul (5.23) poate fi rezolvat cu metoda celor
mai mici patrate daca sunt luate in considerare mai mult de trei puncte. Avand
determinati cei doi parametri pr si or pozitia punctului reprezentativ P(p:) este data
de unghiul:

Tik (5.24)

Bri =2.arctg(“”<a;pf) (5.25)
r
in sistemul de referinta Orxkyk si in sistemul de referinta OReIm de unghiul 6;:
Or =0k +Brk (5.26)
unde:
& —arctg(tm(@k) =1c(r) (5.27)

Re(wg ) —Rr(r)
Constantele A si Brau formele:
A =Rc(r)-Ro(r)cos 6,

5.28
B =1-(r) —Ro(r)siner ( )
si contributiile modale:
Xr =20,Rg(r)cos6,; Y, =20Rp(r)sinb, (5.29)
4
Im
0)

Fig. 5.4. Diagrama Nyquist in jurul unui varf de rezonanta din spectrul Fourier
Avand doua semnale ai(t) si az(t) inregistrate simultan cu doua accelerometre Ac; si
Ac; amplasate pe suprafata antenei in doua puncte diferite (Fig. 5.3), Ac; fiind tinut
in aceeasi pozitie M», ca referinta si Aci deplasat pe suprafata antenei in punctele M;
care definesc geometria structurii antenei, putem obtine forma modului complex
relativ la punctul M:

X1 +]:Y1r _ Rig(r) ej(elf -61,) :SrejAe’” (5.30)
X2 +jY2r R2p(r)
S defineste magnitudinea modului r in punctul M.

Pentru cele N puncte care definesc geometria structurii antenei se obtin
douad siruri de valori S, si A8(, (i=1,2,3,..N),care definesc forma modului r de-a
lungul suprafetei antenei. Forma modului poate fi normalizata:

Up+jvy =
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Sn(lr
max(sn(i;)
cea ce este foarte folositor pentru reprezentarea grafica a formei modurilor.

sn(i, - (i =1,2,3,..N) (5.31)

5.1.4. Metode speciale pentru inregistrarea vibratiilor
reflectorului parabolic

Una dintre problemele dificile pe care le ridica inregistrarea vibratiilor la
structuri usoare, cum este reflectorul antenei parabolice, este aceea ca prin plasarea
unui accelerometru seismic pe structurd se produce o modificare structurald cu
deviatii ale frecventelor proprii si modificari ale formelor modale pentru structura
respectiva.

Solutiile posibile pentru inldturarea acestui inconvenient sunt legate de
utilizarea unor micro accelerometre seismice de mase foarte reduse, de ordinul
zecimilor de gram, sau utilizarea unor sisteme optice, in special cele cu raze laser si
posibilitate de scanare a intregii structuri. In ambele cazuri echipamentele sunt
scumpe in special cele cu scanare laser.

In continuare se va prezenta o noua metodda folosind echipamentul
Microflown Technologies, (http://www.microflown.com) pus la dispozitie aplicatiei de
mai jos, prin generozitatea domnului dr. Hans-Elis de Bree, co-fondator al firmei
Microflown.

Aplicatia noastrda, pe care am experimentat-o in cadrul Laboratorului de
Cercetari pentru Vibratii Mecanice al Universitatii Politehnica din Timisoara, este
inclusa in ebook-ul care se gaseste la
http://www.microflown.com/data/books/EBook Microflown/Ebook 7 vibration.pdf.

5.1.4.1. Principiul senzorilor Microflown

Principiul de baza al senzorilor Microflown este cel al anemometrului cu fir
cald. Firul incalzit la o temperatura intre 200°C si 400°C isi modifica temperatura, si
respectiv rezistenta, sub influenta unui curent fluidic ce spala firul. Modificarea
rezistiva este functie de viteza curentului fluidic care spala firul incalzit, scazéand
temperatura firului si astfel rezistenta sa conectata intr-un circuit electric de
masurare. Senzorul Microflown utilizeaza doua fire F1 si F2 (fig.5.5), (dimensiuni: 1
mm lungime, 5 mm latime si 200 nm grosime), realizat, impreuna cu conectarile la
circuitul de masurare prin tehnologia nanometrica (micromashining).

Particulele de fluid in miscare pe langa cele doua fire, preiau prin convectie
fractiuni din caldura inmagazinata in fire, firul din amonte ,F; cedand mai multa
caldura decat cel din aval, F,, creandu-se, astfel, o diferenta de temperatura intre
cele doua fire si, respectiv, o diferenta intre rezistentele lor R; si R,.
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Fig. 5.5. Principiul constructiv al senzorului Fig. 5.6. Distributia radiala a vitezei
Microflown particulelor de aer radiate de sursa S

Pentru o sursa acustica sferica Ss unda de presiune pe sfera de raza raza r,
are legea de distributie:

i( wt—kr)
p(r,t) =Re{Ae+} (5.32)
iar vitezele particulelor legea:
_ i( wt—kr)
u(r,t):—lfip(r,t)dtz_i[iuk]e—; i =J"1 (5.33)
po Jdr iwpg \r r

unde A este o constanta ce depinde de intensitatea sursei, pg, densitatea fluidului,
k numarul de unda k=2n/A=2rf/c (c - viteza de propagare a undei; A - lungimea de
unda, f frecventa temporara a undei).

Daca sursa de unda de presiune este o suprafata vibranta S ce vibreaza
dupa o lege armonica:

q(t) =qg sin(2nft) (5.34)

va radia o unda de presiune a carei viteza de oscilatie poate fi exprimata printr-o
relatie aproximativa:

u(r,t)=U(r)sin(2nft) (5.35)
unde forma spatiala a undei este:
sinfkr)
U(r):U(O)T (5.36)

Reprezentarea graficd a raportului U(r)/u(0) relevd o buna propagare mai ales
pentru emisiile de frecvente joase unde atenuarea undei de viteza e practic nula
pentru frecvente sub 100 Hz. Daca senzorul Microflown este plasat la distanta L=10
mm atenuarea devine neglijabila.

Pentru testul de laborator al antenei am folosit senzorul tip USP (Ultimate
Sound Probe) (fig.5.7.), avand o constructie compactd, cu posibilitatea masurarii
vitezelor particulelor de fluid dupad trei directii (3D). Capul de masurare
paralelipipedic pe care sunt amplasati cei trei senzori are dimensiuni reduse,
(5%x5x5mm3), astfel incat permite utilizarea Iui in spatii inguste.

Unul dintre cei trei senzori , de exemplu Si, este constituit dintr-un cadru
inchis fixat pe una dintre fetele capului paralelipipedic in asa fel incat se formeaza o
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fereastra Fe; prin care patrunde curentul de aer, de viteza ui(t), rezultat al miscarii
suprafetei plane P1, dupa legea q(t).

Cele doua fire calde F; si F2 sunt plasate in interiorul ferestrei Fe; care are
rolul de a crea un tub ajutaj de amplificare a vitezei ui(t), avand deci rol de
amplificator.

Fig. 5.7 Constructia senzorului USP pentru masuratori de viteze pe 3D

5.1.4.2. Solutia dezvoltata in cadrul tezei pentru masurare
fara contact a vibratiilor dupa trei directii, aplicata la
reflectorul antenei

Problemele pe care le ridica masurarea corecta a vibratiilor dupa trei directii
ortogonale, pe o structurda usoara cum este reflectorul antenei parabolice, sunt
dificile, de aceea am conceput, realizat si experimentat o metoda originala.

Pe suprafata 1 a reflectorului parabolic al antenei, (fig. 5.8. si 5.9.), se
prinde, printr-un strat subtire de ceara de albine, in punctul in care se doreste
masurarea vibratiilor, un inel, 2, usor din aluminiu, pe care este frezata o fereastra
care delimiteaza trei suprafete distincte pe inelul 2, Si, S; si S3, cu normalele lor
ortogonale intre ele. Dupd aceste trei normale sunt axati senzori capului 3 al
senzorului USP.

La miscarea spatiald, prin vibratii, a suprafetei reflectorului 1 suprafetele Si,
S, si S3 antreneaza straturile de aer din vecinatatea lor initiind unde elastice ce se
propaga de-a lungul normalei lor.
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Fig. 5.8. Vedere de ansamblu al standului de testare la vibrati al antenei parabolice, cu
sistemul de masurare a vibratiilor.

Fig. 5.9 Detaliu cu montajul de masurare a vibratilor prin senzorul USP
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Capul 3 al montajului USP, este amplasat in interiorul inelului 2, cu senzorii
sai axati dupa cele trei normale ale suprafetelor Si, S, si Ss, prin intermediul
suportului reglabil 4 si a riglei gradate 5 prinsa de suportul standului 6.

In acest mod, in timpul vibratiilor structurii antenei, particulele de aer din
vecinatatea firelor calde ale celor trei senzori, vor spala aceste fire modificandu-le
temperaturile si respectiv rezistentele lor. Semnalele rezultate Ila iesirile
amplificatoarelor celor trei senzori sunt proportionale cu viteze uj,u; si us ale
particulelor de aer si care la randul lor sunt proportionale cu componentele g;,g> si

g3 ale vitezei absolute a structurii reflectorului 1 in punctul de fixare al inelului.

5.1.4.3. Calibrarea senzorului USP

Calibrarea senzorului USP s-a facut utilizand metoda reciprocitatii.

AX 4

2

0.663 S1

0 2 4 B8 8 ,, 10

Fig.5.10 Montajul de calibrare al senzorului UPS si diagramele sensibilitatilor Sz dupa axa
longitudinala oz si S1 dupa axa transversala, la o excitare longitudinala de 1g.

Capul 3 al senzorului, s-a centrat dupa axa inelului 2 la diverse distante Az
de fundul acestuia, care vibreaza dupa axa verticala a inelului. Miscarea vibratorie
este asigurata de un calibrator electrodinamic de g (g=9,81 m/s2).

Pentru a se cuantifica efectul transversal al montajului de senzori USP cu
inelul propus s-au inregistrat simultan (fig. 5.11.) semnalul Sus(t), al senzorului S3
cu axa de sensibilitate de-a lungul axei miscarii vibratorii si semnalul Sui(t)
corespunzator senzorului Si, cu axa de sensibilitate perpendiculara pe directia
transversald axei vibratiilor. Pe aceeasi diagrama este prezentat si semnalul de
acceleratie Sa(t) al accelerometrului prin care s-a reglat nivelul de 1g al vibratiilor.
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Fig.5.11 Vibrogramele semnalelor senzorilor, Ss, cu axa de sensibilitate colineara cu axa

miscarii vibratorii, Si, cu axa de sensibilitate normala pe axa miscarii vibratorii, inregistrate
simultan cu semnalul de acceleratie Sa(t) de nivel 1g.

Diagrama din figura 5.10. si vibrogramele din figura 5.11. scot in evidenta o
influenta de aproximativ 10% a vibratiilor transversale axei de sensibilitate a
senzorului. Acest efect poate fi diminuat prin optimizarea geometrica a inelului,
rezultatele de mai sus fiind obtinute la prima incercare.

Aceleasi nivele de sensibilitate si influenta transversala s-au obtinut la proba
fara inelul de orientare (fig. 5.12.).

- mV Sx
P S mm/s
1
z g ‘

AccElerometru

calibrator

| 03 2 g 6 8 10

Fig. 5.12 Calibrare senzorului USP in camp liber, fara inel

5.1.4.4. Testarea modald a structurii antenei pe standul de
laborator

Utilizand metoda de investigare prezentatd mai sus s-au ales, pentru
determinarea parametrilor modali si a formelor modale, 13 puncte de masurare
Po,...P12, plasate de-a lungul unui profil al reflectorului parabolic (fig. 5.13.). In
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aceste puncte s-a plasat succesiv inelul dupa a carui axa s-a centrat capul cu cei trei
senzorii USP.

Testarea s-a efectuat prin impulsuri aplicate structurii reflectorului parabolic,
vibratiile libere amortizate rezultate fiind inregistrate pentru fiecare din cele 13
puncte dupa doua directii: una normala la profil dupa axa Pi; (semnalul Sz din
vibrogramd) si alta tangentialda dupa axa Pix (semnalul Sx din vibrograma). In
paralel cu cele douda semnale s-a inregistrat un semnal al unui accelerometru
seismic, semnal luat in considerare ca semnal de faza, accelerometrul fiind fixat
intr-un singur punct al suprafetei reflectorului.

Vibrogramele celor trei semnale de vibratii arata ca cele din figura 5.14. iar
spectrele lor Fourier (fig. 5.15.) relevda mai multe varfuri modale. Liniile spectrale
din jurul acestor varfuri constituie date de intrare pentru determinarea parametrilor
modali, frecvente proprii si factori de amortizare modali.

100 g
P2 \z P10 Pis

lo 1'00\ 200 300 400 500 600 700 800 900 1000 1100 o 1200

P12

X
Fig. 5.13. Amplasarea punctelor de masurare a vibratiilor de-a lungul unui profil al suprafetei
reflectorului parabolic
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Fig.5.14. Vibrogramele semnalelor de vibratii libere amortizate:
Sx(t), Sz(t) si Ac(t)
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Fig. 5.15. Spectrele Fourier ale semnalelor, Sx(t), Sz(t) si Ac(t)

S-a utilizat algoritmul prezentat succint la 5.1.3.,

valorile parametrilor pentru primul mod de vibratii avand
Hz.

in tabelul 5.2 fiind date
frecventa proprie 14.2876

Tabel 5.2. Valori ale parametrilor pentru primul mod de vibratie al antenei avand frecventa

primului mod de 14.2876 Hz

Punctul Valoarea frecventei proprii Amplitudinea modala | Faza
de f [Hz] R componentei
masura modale
Determinata din semnalul Determinata din | Bsx Osz
semnalul ref Ac ref Ac
Sx(t) Ac(t) Sz(t) Sx(t) Ac(t) | Sz(t)
Po 14.275 14.276 14.276 0.284 0.096 | 0.086 193.323 202.98
P1 14.277 | 14.279 14.275 0.10 0.089 | 0.14 201.876 | 201.824
P2 14.277 14.279 14.279 0.10 0.113 | 0.165 60.345 208.723
P3 14.277 | 14.286 14.285 0.1 0.113 | 0.145 352.398 | 197.778
Ps 14.277 | 14.285 14.282 0.1 0.117 | 0.115 29.944 202.251
Ps 14.277 14.289 14.29 0.1 0.094 | 0.076 247.366 209.037
Ps 14.277 | 14.283 14.281 0.1 0.112 | 0.042 254.923 | 197.951
Pz 14.277 14.292 14.292 0.1 0.1 0.0494 | 8.669 17.861
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Ps 14.277 | 14.288 14.29 0.1 0.106 | 0.035 210.671 | 23.965
Po 14.277 | 14.275 14.275 0.1 0.105 | 0.074 71.145 24.724
Pi1o 14.277 | 14.307 14.311 0.1 0.093 | 0.091 115.900 | 25.661
P11 14.293 14.335 14.338 0.03 0.068 | 0.076 195.384 | 18.953
P12 14.293 14.319 14.324 0.03 0.079 | 0.068 279.219 | 15.687
Valoare | 14.28 14.2918 | 14.2911

medie 14.2876 Hz

O prima remarca este aceea a valorilor frecventelor proprii foarte apropiate,
determinate din semnalele de vibratii ale celor trei senzori, pentru toate cele 13
puncte de masurare, insemnand ca atasarea inelului la structura nu produce efectul
de masa addugata.

Forma modului se construieste ludnd 1n considerare ca se cunosc
coordonatele x; si yi fata de sistemul de referintd fix OXY (fig. 5.13.). la care se
adauga factorii variabili proveniti din miscarile armonice cu frecventa f:

Xj(t) =x; +k(wX,- cos(2nft +Ogyxi )cos(qo,- )—WZ,' cos(2nft + Oy )sin(<p/ ))

zi(t) =zj +kWwyj cos(2nft +Osy; )sinp; ) +wj, cos(2nft + 65y )cos (@; )
afectati de un factor de scara k, din a carui magnitudine se poate scoate in evidenta
forma modului.

Amplitudinile adimensionale wyi si Wz se calculeaza cu ajutorul rapoartelor
amplitudinilor modale ale celor trei senzori:

(5.37)

w, —Rsx ., _Rsz (5.38)
Rac Rac

Rsx @ semnalului Sx(t), Rsy @ semnalului Sy(t) iar Rac @ semnalului accelerometrului.

Cu @ s-a notat unghiul de panta al profilului reflectorului in punctul de masurare iar

cu 6 faza semnalului inregistrat.

Pentru primul mod natural avand frecventa proprie f=14.2876 Hz s-a
reprezentat in figura 5.16., prin patru pozitii instantanee ale celor 13 puncte P; la
timpii, t=0, t=T/4, t=T/2 si t=3T/4 ai perioadei T=1/f forma primului mod natural de
vibratii.

AX Az
AP =
(B ;
A etV X
Z =y P Ps Ps P7 Ps
o AWz pp B P10
P s P11
Po X P12
Cp ; ; ; < f t f ; P >
0 10 \ 200 300 400 500 600 700 800 900 1000 1100 1200
mm
t=T/2 . / | |
Y{‘\\ > J / / ‘j‘
\\\ | 4 4 / / |
t=T/4 ‘ v [ / ‘
, \ | : —
Trajectory of P1 \ ]
| ~_~—_ £
tzam_‘\.v\ I A4 y
| v J
\
20—

Fig. 5.16 Forma primului mod natural de vibratii reprezentat prin patru pozitii instantanee, la
timpii, t=0, t=T/4, t=T/2 si t=3T/4 ai perioadei T=1/f
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Tabel 5.3. Valori ale parametrilor modali pentru cel de al doilea mod de vibratie avand

frecventa proprie 20.840 Hz
Punctul Valoarea frecventei proprii | Amplitudinea modala R | Faza
de masura | f [Hz] componentei
modale
Determinata din semnalul Determinata din semnalul | 0sx 0Osz
Sz(t) Sx(t) Ac(t) Sz(t) | Sx(t) | Ac(t) ref Ac | ref Ac
Po 20.876 20.87 20.87 0.922 | 0.82 0.783 195. 202
P1 20.86 20.858 20.859 0.191 | 0.812 | 0.807 20.9 205
P2 20.86 20.862 20.863 0.191 | 0.934 | 0.55 61.8 206
Ps 20.86 20.867 20.867 0.191 | 0.854 | 0.236 137 203
P4 20.86 20.868 20.885 0.191 | 0.92 0.0731 184 264
Ps 20.86 20.868 20.868 0.191 | 0.843 | 0.137 352 20.3
Ps 20.86 20.867 20.866 0.191 | 0.902 | 0.226 359 16.8
Pz 20.86 20.866 20.864 0.191 | 0.939 | 0.182 351 15.4
Ps 20.86 20.872 20.859 0.191 | 0.782 | 0.016 133 91.6
P9 20.86 20.866 20.864 0.191 | 0.876 | 0.141 245 216
Pio 20.86 20.876 20.876 0.191 | 0.806 | 0.469 336 205
P11 20.908 20.896 20.194 0.341 | 0.802 | 0.776 261 63.5
P12 20.908 20.861 20.44 0.341 | 0.795 | 0.684 202 83.6
Valoare 20.869 | 20.869 | 20.783
medie 20.840

Tabel 5.4. Valori ale parametrilor modali pentru cel de al treilea mod natural de vibratie avand
frecventa proprie 32.227 Hz

Punctul Valoarea frecventei Amplitudinea modala R | Faza componentei
de proprii modale
masurd | f [Hz]

Determinata din semnalul Determinata din semnalul | 6sx Osz

Sz(t) Sx(t) Ac(t) Sz(t) Sx(t) | Ac(t) ref Ac ref Ac
Po 32.125 | 32.127 | 32.128 | 0.339 | 0.162 | 0.122 | 198.385 | 205.308
P1 32.161 | 32.15 32.161 | 0.094 | 0.165 | 0.19 202.795 | 205.839
P2 32.161 | 32.173 | 32.172 | 0.094 | 0.225 | 0.213 | 154.231 | 202.67
Ps 32.161 | 32.212 | 32.199 | 0.094 | 0.245 | 0.183 | 117.012 | 200.221
Pa 32.161 | 32.215 | 32.213 | 0.094 | 0.23 0.119 | 195.988 | 202.77
Ps 32.161 | 32.22 32.233 | 0.094 | 0.271 | 0.092 | 240.512 | 207.394
Ps 32.161 | 32.154 | 32.289 | 0.094 | 0.153 | 0.024 | 277.406 | 243.378
Pz 32.161 | 32.141 | 32.144 | 0.094 | 0.135 | 0.047 | 78.319 347.63
Ps 32.119 | 32.175 | 32.136 | 0.091 | 0.116 | 0.092 | 51.445 253.412
Ps 32.161 | 32.063 | 32.01 0.094 | 0.157 | 0.084 | 319.726 | 228.589
Pio 32.294 | 32.068 | 32.033 | 0.1 0.179 | 0.087 | 77.033 351.408
P11 32.014 | 32.054 | 32.003 | 0.015 | 0.187 | 0.077 | 318.254 | 250.869
Pi> 33.16 33.222 | 33.159 | 0.015 | 0.1 0.127 | 244.028 | 192.054
Valoare | 32.231 | 32.229 | 32.222
medie 32.227

Desi dispozitivarea axarii capului de masurd a senzorilor USP a fost una

improvizata, totusi forma modului se poate distinge clar.
Aceleasi rezultate s-au obtinut si pentru urmatoarele doua moduri ale caror

parametrii modali sunt dati in tabelele 5.3. si 5.4.

Printr-o dispozitivare dedicatd, cu reglarea find a centrarii capului cu senzorii

USP fata de axa inelului, precizia masurarii se va imbunatatii mult.
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5.2. Testarea antenei parabolice la rafale de vant in
spatiu deschis

In scopul studiului comportdrii structurii antenei la incdrcdri naturale, din
vant, aceasta a fost amplasata pe acoperisul cladirii de Orologerie din Facultatea de
Mecanica a Universitatii Politehnica (Fig. 5.17.), amplasament unde gradientul de
viteze a vantului este mare in comparatie cu cel de la sol. Pentru a avea camp
deschis antena Ap a fost fixata pe un stdlp metalic Thalt Sm. Presiunea actiunii
vantului la nivelul antenei s-a masurat cu ajutorul unui senzor bidirectional de
presiune Sbp (paragraf 5.2.1.) iar fortele rezultante din actiunea vantului au fost
masurate prin montaje speciale de traductoare electrorezistive (TER) aplicate pe
piciorul de prindere al antenei de stalpul antenei.

~Sbp

17 2 !
Fig.5.17 Amplasarea antenei parabolice in aer liber

5.2.1. Senzori bidirectionali de masurare a presiunii vantului

Pentru inregistrarea vitezei sau presiunii vantului exista cateva metode
clasice pentru care s-au realizat o serie de senzori. Unul dintre acesti senzori este
anemometrul clasic cu elice cu trei cupe, viteza vantului fiind masuratda prin
inregistrarea vitezei de rotatie al axului elicei cu cupe. Directia rafalelor de vant se
determina prin auto pozitionarea suportului basculant al elicei, un traductor
potentiometric sesizadnd aceasta pozitie.

In cazul testarii structurilor elastice, presiunea dinamica pe care o exercitd
vantul asupra structurii este necesar ca semnalul senzorului de presiune sa contina
un spectru cat mai larg, anemometrul inregistrand doar o valoare medie.
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Pentru a putea fi inregistrat un spectru cat mai larg s-a conceput si realizat
in cadrul Laboratorului de Testari si Cercetari pentru Vibratii Mecanice al Universitatii
Politehnica un senzor bidirectional cu traductoare electrorezistive (TER) (paragraful
5.2.1.1.).

%n timpul efectuarii experientelor am intampinat dificultati legate de deriva
in timp a nulului montajelor cu TER-uri si de aceea am conceput si sunt in faza de
realizare doua solutii originale, prevazute cu traductoare piezoelectrice.

5.2.1.1. Senzor cu traductoare electrorezistive (TER)

Senzorul se compune din cilindrul C amplasat in calea vantului avand viteza
v(t) care produce pe unitatea de suprafata presiunea dinamica:

p(t) =cRp@ (5.39)
unde:
Cr =f(u,Re) (5.40)

este un coeficient ce depinde de rugozitatea relativd u si Re numarul lui Reynolds,
iar p densitatea aerului:

~vD

v

D fiind diametrul cilindrului C iar v vascozitatea aerului.

Re

(5.41)

iy

...............

65

T21

SECTIUNEAA-A

My

SECTIUNEAB-B

T2

LR

N JLE
T12 :
0 ;

X

Fig. 5.18 Schema senzorului bidirectional cu traductoare TER
Pentru zona subcritica Re< (2...10)x10%, Cr =1,1...1,22, la L/D— o, iar pentru
zona supracritica Re< (2...4)x10°, Cr =0,35...0,43, la L/D diferit.

BUPT



108 Cercetari experimentale - 5

Forta P rezultanta din presiunea dinamica p(t) a vantului:

P =p(t)LD (5.42)
este transmisd, prin intermediul unui brat Br, la un element elastic de incovoiere
bidirectionald Eel realizat din doud lamele elastice frezate pe elementul Eel la 90°
intre ele, dupa axele Ox si Oy.

Proiectiile P si Py ale fortei rezultante P dupa axele Ox si Oy dau momente
incovoietoare Mx si My in sectiunile de aplicare a doua montaje de traductoare
electrorezistive (TER) pe cele doua lamele ale elementului elastic Eel. Momentele
incovoietoare:

My =LiPy; My =12P, (5.43)
dezvolta deformatii ale caror lungiri specifice sunt:
6M 6M
Ex :_); ;g = ); (5.44)
Ebh Ebh

unde, cu E s-a notat modulul de elasticitate al materialului elementului elastic, iar
prin b si h latimea si respectiv grosimea celor douad lamele pe care sunt aplicate,
prin lipire, montajele de TER-uri Ti1 si T12, pentru mdsurarea componentei Px si T2
Si T22 pentru componenta Py.

Semnalele de tensiune la iesirile celor doua montaje in semipunte Wheatstone sunt:

Auy =%Uaksx ; duy = %Uakey (5.45)

unde U, este tensiunea de alimentare a montajului iar k este constanta de
sensibilitate a TER-urilor utilizate.

Cu relatiile de mai sus semnalele Auyx si Au, se pot exprima prin doud relatii
de proportionalitate cu componentele py si py ale presiunii dinamice p(t):

Auy =C3px,; A4uy, =Cyp), (5.46)
unde C; si C; sunt doua constante:
Cp=3k—282L_; Cp =3k a2 (5.47)
Ebh“ DL Ebh“ DL
iar:
Py %’
—IX . = 5.48
Px D Py D ( )
Prin raportul componentelor px si py masurate se pot determina:
p(t) =\p$ +p; (5.49)

valoarea instantanee a presiunii dinamice si directia rafalei de vant data prin
unghiul:

0 :arctgp—y (5.50)
Px
Constantele de proportionalitate C; si C; pot fi determinate pe cale experimentala
prin etalonare in tunelul aerodinamic.
O etalonare mai simpla se poate realiza prin incarcarea cilindrului la cota L/2 cu o
greutate de masa m a carui incarcare echivalenta in presiune este pe=mg/LD care va
da un semnal de tensiune:

Auey ,, =Cy1,2Pe (5.51)
ceea ce permite determinarea constantelor de etalonare C; si Ca.
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5.2 1.2. Senzor cu traductoare piezoelectrice

O constructie pe care am conceput-o in scopul eliminarii efectului de deriva
a nulului este cea din figura 5.19. Senzorul se compune din cilindrul 1 plasat in calea

curentului de aer avand vectorul vitezd V, suportul sdu fiind rotit cu unghiul o fat3
de un sistem de axe fixe OXYZ OZ este axa longitudinald a cilindrului 1 care se
poate roti in jurul acesteia, cilindrul este prins, prin intermediul lamelei elastice 2 de
un ax 4 centrat pe o pereche de rulmenti 7. Rotirea ansamblului cilindru, lamela
elastica 2 - ax 4, este asiguratd de perechea de cupe 5, antrenate de curentul de
aer.

O

ey b
Fig. 5.19 Schema senzorului cu traductor piezoelectric. Varianta 1
Sub actiunea curentului de aer, de viteza instantanee v, ia nastere o forta
rezultanta Pr a carei directie se afla deviata cu unghiul o fata de axa fixa OX.
La momentul t axa mobila Ox, normala la suprafata frontala a lamelei 2, se
afla la unghiul de pozitie ¢(t), care, pentru o viteza unghiulard constanta o si o
plecare, la t=0, din suprapunere peste axa fixa OX, forta rezultanta Pr va da o
proiectie pe axa mobila Ox, Pr.cos(ot-a).
Aceasta forta va produce in sectiunea mijlocie a lamelei 2 un moment de incovoiere:
M;(t) =Pr(t)hcos(wt —a) (5.52)
Momentul incovoietor Mi(t), avand o unda purtatoare armonica de pulsatie o
va produce, prin deformarea lamelei 2 pe care sunt aplicate doua traductoare
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piezoelectrice 3 conectate la un amplificator de sarcind Acn, da la iesirea acestora un
semnal up(t) proportional cu momentul Mi(t). In paralel cu semnalul up(t) se
inregistreaza un semnal un(t) dat de un senzor magnetic fara contact 10, fix, care
trece periodic in timpul rotatiei prin dreptul unui stift metalic 11, amplasat pe axul 4
in dreptul planului lamelei elastice 2. Acest semnal periodic, cu perioada T=2n/0,
este un semnal de fazda cu care se determind directia o a rafalei vantului iar
amplitudinea semnalului uy(t) ddnd magnitudinea presiunii rafalei.

Pentru transmiterea semnalului de sarcina de la traductorii piezoelectrici 3 la
amplificatorul Ac, se utilizeaza contactul alunecator format din inelele 8 si periile 9.

O solutie simplificata fata de cea din fig. 5.19. este cea din figura 5.20. unde
cilindrul este inlocuit cu paleta profilata 1, care preia sarcina din presiunea vantului
si o transmite lamelei 2 cu traductorii piezoelectrici si totodata, datorita profilarii ei,
este antrenata in miscare de rotatie cu viteza unghiulara .

Fig. 5.20 Schema senzorului cu traductor piezoelectric. Varianta 2
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5.2.2. Senzori pentru masurarea fortelor induse de vant pe
structura antenei

Pentru determinarea sarcinilor induse de vant asupra structurii s-a conceput un
montaj de pseudosenzor multicomponent, cu montaje de traductoare TER, aplicate
pe stalpul St (fig.5.21.). Montajele de traductoare au permis determinarea
principalelor componente:

e Fx componenta rezultanta orizontalda a fortelor din presiunea dinamica a
vantului, orientata dupa axa Ox care trece prin centrul O; al suprafetei
parabolice Pa;

e F, componenta rezultanta orizontald a fortelor din presiunea dinamicad a
vantului, orientata dupa axa Oy;

e M, momentul de torsiune al stalpului sub actiunea fortelor din presiunea

dinamicéé a vantului, componenta dupa axa Oz.
X YU .

-

Fig. 5.21 Montajele cu traductoare TER ale pseudosezorilor pentru masurarea fortelor

orizontale Fx si Fy si @ momentului de torsiune M,
Componente Fy si Fy se determind prin intermediul momentelor de incovoiere My si
My din sectiunea S»:

M M

unde L este cota sectiunii S fata de planul orizontal Oxy.
In sectiunea S, sunt amplasate montajele de traductoare electrorezistive (TER)
Tx11....Tx22 §i Ty11...Ty22 conectate in punte completd Wheatstone. Lungirile specifice &x
si ey, corespunzatoare momentelor incovoietoare My si My, au expresiile:
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My My
Ex =—2,; &, =—2
T Ew Y T Ew
unde E=2.07e11 N/m? este modulul de elasticitate a lui Young iar:
n 4 4)
=——[Dy -D 5.55
32Dq ( 1 2 ( )
este modulul de rezistenta al sectiunii transversale a stalpului S;, o teava de
diametre: D1=75 mm, exterior si D1=67 mm interior.
Lungirile specifice preluate de TER-uri au expresiile:

Ex11 =€x12 =&€x, E&x12 =€x22 =—€x

(5.54)

] (5.56)
Ey11 =€y12 =&y, Ey12 =&€y22 =€y
unde indicii de la ¢ s-au pastrat cei de la TER-uri.
Tensiunile de iesire din cele doua montaje au expresiile:
1
Ux :ZkUa(gxll +Ex12 —Ex21 —Ex22)
(5.57)

1
uy :ZkUa(Syll +Ey12 —€y21 —€y22)

unde k este constanta de sensibilitate a TER-urilor utilizate iar U, tensiunea de
alimentare a unui montaj.
Semnalele de tensiune ux si U, se pot exprima, tindnd cont de (5.54)-(5.57):

Uy =kU, ﬁ/—'x; Uy, =kU, ﬁ/—'y (5.58)
deci proportionale cu fortele reduse Fy si Fy.

Cele doua montaje de TER-uri sunt cuplate la canalele 1 si 2 ale
amplificatorului tensometric AT la a carui iesiri se obtin douda semnale de tensiune
proportionale cu fortele Fx si Fy, semnale ale caror nivele sunt in plaja +10 V.

Pentru masurare momentului de torsiune M; s-a aplicat, pe stalpul St al
antenei la partea sa superioara in sectiunea S1, un montaj de patru TER-uri
Te11...Tra2, amplasate la +45° fata de axa stalpului.

Momentul de torsiune M, produce tensiuni de rasucire:

Mt

T = (5.59)
Wp
unde W, este modulul de rezistenta polar, Wp=W.
Tensiunile principale c1,> dezvoltate dupa axele TER-urilor sunt:

01,2 =47 (5.60)

iar lungirile specifice ce se dezvolta pe cele 4 TER-uri sunt:

01 T . 01 T

[ =g =—=—, £ = =—=—-— 5.61
t11 =€t12 = F = F t21 =€t22 =F £ ( )

Semnalul de tensiune corespunzator montajului de TER-uri amplasat in
sectiunea S1 va fi:
1

ut :ZkUa(Etll +E¢12 —€¢21 —€£22) (5.62)
care devine prin intermediul relatiilor (5.58)-(5.60):
1
ur =kUs; ——M 5.63
t = t ( )

Ca interfata de preluare a semnalelor cdtre calculator s-a utilizat un
convertor ADC, constand dintr-o placa de achizitie de date tip KPCI-3102, produsa
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de firma Keithly.(pus la dispozitia acestui proiect de catre Kathrein), ca soft pentru
procesul de achizitie a semnalelor s-a utilizat mediul Test Point dezvoltat de firma
Keithly.

Sensibilitatea pseudosenzorilor este una joasa datoritéa supradimensionarii
stalpului S, care a fost proiectat sa reziste la sarcini provenite de rafale de vant
puternice. In acest context cele trei semnale ux, uy si ug, fiind de nivel jos, in timpul
inregistrarilor de lunga durata, cu antena amplasatda pe acoperisul cladirii de
Orologerie, au intervenit probleme de deriva a nulului semnalelor inregistrate,
necesitdnd dese operatii de echilibrare a amplificatoarelor tensometrice.

Pentru a elimina acest inconvenient am conceput si realizat, partial, un
senzor complex pentru determinarea celor trei componente, care sa aiba
sensibilitatea necesara captarii semnalelor corespunzatoare sarcinilor pentru rafale
usoare de vant.

-
—
-

Fig. 5.22. Solutia de masurare a componentelor Fx, Fy si M,

Senzorul multicomponent Sy (fig. 5.22.) se compune dintr-un paralelipiped
care se intercaleaza prin flansare (flansele Fl) in sectiunea superioara a stélpului St.
Pe blocul paralelipipedic masiv se executa o retea de orificii care impart blocul in trei
portiuni 1, 2 si 3 considerate rigide, ce sunt unite prin elemente considerate legaturi
elastice care se deformeaza sub actiunea celor trei componente, pe care se aplica
montaje de senzori.

Astfel, corpul senzorului se realizeaza prin doud orificii aiy si az, care
strapung paralelipipedul, orificii cu axele lor paralele cu Oy, dupa care se taie un
rost cx, de grosime s plan paralel cu Oxz, de comunicare intre cele doua orificii.
Aceleasi operatii se executa si pe fetele perpendiculare prin orificile de strapungere
aix §i ax.

In final se executa orificiile ovale dx si dy de strapungere pana la orificiile aiy
si azy, obtinandu-se un cadru dublu, format din trei portiuni 1, 2 si 3, considerate
rigide, unite prin sase elemente elastice ey, e, Incastrate intre cele trei portiunii.

Sub actiunea fortelor Fx si Fy si @ momentului M, elementele elastice se
deformeaza, asa cum se observa in figura 5.23., reprezentand distributia tensiunilor
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de-a lungul corpului senzorului, determinate cu programul ANSYS. Campurile
maxime se inregistreaza pe elementele elastice pe care sunt aplicate trei montaje
de traductoare TER, conexiunile realizate ducand la decuplarea celor trei semnale
corespunzatoare fortelor Fy, Fy si momentului M,.

5.6619e7
— 4.2464e7

2.831e7
l 1.4156e7
1230.1 Mir

Fig. 5.23. Distributia starii de tensiuni pe corpul senzorului de masurare a trei componente Fx
Fy §I M:
In figura 5.24 se prezintd pozitionarea TER-urilor pe elementele elastice si
montajele lor pentru masurarea fortei Fx si @ momentului M,.
Pentru masurarea fortei Fy, amplasarea si montajul TER-urilor se face pe lamelele din
sectiunea cu planul Py (fig. 5.22.)
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Fig. 5.24. Montajele de TER-uri pentru masurarea fortei Fx si a momentului Mz

5.2.3. Inregistrari ale sarcinilor induse de vant in camp
deschis

5.2.3.1. Metode de procesare a semnalelor sarcinilor
aleatoare

Evolutia nestationara a vantului a necesitat inregistrari pe secvente lungi de
timp, interval In care se succed mai multe rafale de vant. Acestea au un caracter
aleatoriu, stationar cénd se pastreaza o valoare medie cu variatii mici de-a lungul
secventei observate, sau nestationar cu actiune tranzitorie.

In capitolul 2 s-a argumentat din punct de vedere al modelarii curgerii
turbulente ca viteza ui(t) poate fi descompusa in doud componente:

ui(t) =u(t) +ti(t) (=1,2,3) (2.62)
unde:
t+72;
u,-(t)=71T J'u,-(r)dr,- (i-1,23) (2.63)
i T
2

este o componenta lentd, mediata pe o banda temporald de latime T si o
componentd variabild U(t) cu variatie mult mai rapid&. Definirea acestei rapiditati
pare ambigud, dar trebuie privita in cazul interactiunii fluid - structura, functie de
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spectrul frecventelor proprii al structurii, vizavi de spectrul actiunii vantului
caracterizat prin densitatea spectrala de putere:

TS
1 i
_ Jjwt

Sxy (@) _E(!ny(r)e dar (5.64)
care este transformata Fourier, pe intervalul de timp finit Ts, a functiei de corelatie:

Ts
Ry (T) =_lim ijux(t)uy(t o)t (5.65)

Ts —>ooTs o

unde uy (t) si uy (t) sunt douda semnale temporale ce se coreleaza intre ele.
Corelarea existd atunci cand functia Ryy(t) este o functie diferitd de zero in
intervalul Ts.

Cand ux(t)=uy(t) functia (5.65) este functia de autocorelatie Ry(t) care scoate in
evidenta componentele din spectru ce au un caracter repetitiv de-a lungul secventei
Ts.

O normalizare a acestei functii este data prin coeficientul de corelatie definit prin

expresia:
Fx () = Rxx (T);@xx ) (5.66)
OXx
unde:
TS
Rux(T) = lim L Juxyele +7pe (5.67)
TS —)OOTS
este functia de autocorelatie:
1 Ts 0
Uxx :E[ux(t)]:T—IuX(t)dt=J‘xp(x)dx (5.68)
S
0 —0

este valoarea medie a semnalului pe intervalul 0—»Ts, p(x) fiind densitatea de
repartitie:

0x = [E[uF )]~ Elux €] (5.69)
deviatia standard si:
TS ')
E[u)% (t)]:Ti juf(t)dt :szp(x)dx (5.70)
S
0 —o0

Turbulenta rafalei de vant are un continut energetic ce este distribuit intr-un
anumit domeniu de frecventa 0—fs, continut ce poate fi definit prin:
fs
_[Suu (FYf =of (5.71)
0
unde S,u(f) este functia densitatii spectrale de putere a vitezei rafalei de lege u(t).
Aceasta relatie conduce la o altd forma a spectrului logaritmic:
Stu = fsz(f) (5.72)
Ouu
reprezentat la o scara logaritmica functie de frecventa f, astfel ca:
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fS
'[sbu(f)j(/nf)ﬂ (5.73)

in vederea determindrii marimii pulsatilor de vitezd in jurul vitezei medii temporale
u se mai utilizeaza o marime adimensionald numita intensitatea adimensionald a
turbulentei:

o

I, =4

u

exprimand nivelul de turbulenta dintr-un punct din curentul de aer.
Un model dinamic linear discret al unei structurii asupra caruia actioneaza o

rafald de vant se poate scrie de forma aproximativa:

Mlgce)l+clae)+klak) =Dipk) (5.75)

{q(t)} este vectorul deplasarilor nodurilor ce definesc miscarea structurii iar [M], [C]
si [K] sunt matricele de inertie, amortizare si respectiv de rigiditate.

Actiune vantului asupra structurii este data de vectorul de excitatie
aproximat ca produsul dintre o presiunea de lege p(t) a rafalei, care pondereaza
vectorul {D}, produsul dintre p(t), care are o variatie aleatoare, si elementul D; da
componenta fortei de excitatie redusa intr-un anumit nod.

Acest model simplifica mult procesul de calcul, deoarece excitatia {D}p(t) se
calculeaza din modelarea curgerii peste structurd considerata fixa, dupa care se
calculeaza raspunsul structurii. Totusi, modelul scapa unele efecte, cum este efectul
de instabilitate provocata de interactiunea fluid structura elastica.

Multiplicand sistemul de ecuatii diferentiale cu p(t+r1) si aplicand integralele
de convolutie se obtin funcgiile de corelatie:

Rup(7) = im —Iifv plt+7he; (Wk)i=pt) k), k), Ge))  (5.76)

asupra carora se aplica transformata Fourier obtindndu-se functiile de densitate
spectrala:

(5.74)

up(w)) - I Rup(T)ETo%tdr  (W)-p, )6} &) (577)

Se poate demonstra ca eX|sta relatiile:

. ; . .. 2
Sap @)= jolSgp @) 154p ) =02 i5gp @)} (5.78)
cu ajutorul carora se obtine vectorul denS|ta§|Ior spectrale ale deplasarii nodurilor:

{qu }l"’q J{D}Spp (5.79)

unde Spp(w) este vectorul densitatilor spectrale ale presiunii rafalei, iar:

g @)]=(-w? ]+ jolc)+ K] (5.80)

este matricea functiilor de transfer, ce poate fi descompusa intr-o suma modala.

Din (5.79) se constatd ca spectrul densitatilor spectrale ale deplasarilor
structurii este un produs dintre functia densitatii auto spectrului Syp(w) a presiunii
vantului care pondereaza produsul [Hq J{D}

Forme similare se pot obtine si pentru tensiuni si fortele de legatura
masurate cu montajele de TER-uri (Fig.5.21.).
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Vibratiile aleatoare produc sarcini ciclice ce pot cauza degradari prin
oboseald ale structurii prin cumulari si de aceea semnalele inregistrate pe antena si
viteza vantului au fost analizate in amplitudine prin densitate de repartitie p(x), care
fn multe cazuri are o forma normala de tip Gaussian:

bexf
2
1 20y

- 5.81
p(x) Uxﬁe (5.81)

5.2.3.2. Rezultate experimentale cu antena in camp liber

Dintre numeroasele inregistrari facute la diverse regimuri de vant in figurile
5.25. sunt prezentate grafic rezultatele unei inregistrari pe o duratd de 350
secunde, durata edificatoare pentru a cuprinde mai multe rafale. Frecventa de
esantionare cu care s-a facut achizitia a fost de 200 esantioane/secunda ceea ce a
permis o analiza precisa a componentelor in domeniul de frecventa 0—100 Hz,
domeniu in care se afla situate spectrul presiunii vantului cat si primele moduri de
vibratii ale structurii antenei, intervalul este edificator pentru obtinerea diagramelor
de variatie in timp ale:

e presiunii p(t), masurata cu ajutorul senzorului (fig.5.18.), vectorizata dupa

axele Ox si Oy, prin cele doud componente px(t) si py(t);

e componentele Fy(t) si F,(t) ale rezultantei sarcinilor ce actioneazd asupra

structurii antenei;

e momentul de torsiune M, dupa axa Oz;

In figura 5.25.1. sunt prezentate diagramele componentelor vectorizate px(t) si
py(t) ale presiunii la o secventa de 350 secunde. In laterale, sunt reprezentate
densitatile de repartitie ale elongatiilor de presiune, stanga pentru px(t) si dreapta
pentru py(t). Pentru a vedea gradul de abatere de la distributia normald, Gaussiang,
de forma (5.81), s-au reprezentat si diagramele aproximate ale acestei distributii
(liniile continue).

Pentru a vedea si cine influenteaza aceste abateri de la legea distributiei
normale s-au descompus, prin filtrare cu mediere (dupa 2.68 si 2.69), cele doua

componente ale semnalelor de presiune in cate doud componente, py(t) si Py (t),

de joasd frecventd si in cate doud componente ale pulsatiilor de presiune py(t) si
B'y(t) . Reprezentarea lor grafica in figurile 5.25.2. si 5.25.3., dupa acelasi mod ca

in figura 5.25.1., scotdnd in evidenta o distributie mai aproape de una normala a
componentelor pulsatorii Ex(t) Si Ey(t) , ceea ce justifica si presupunerile ce se

fac la studiul miscarilor turbulente a fluidelor reale prin ecuatiile lui Reynolds (2.72).

BUPT



5.2. - Testarea antenei parabolice la rafale de vant in spatiu deschis 119

10 p N
b Py(h) |
/ l I |1y 1] , |
Po)| d ¥
( 60
4§ 4
- - 40 =1 — =
” 5
2] [ ﬁ‘ : <2
o s v
b Px(t)l I | I ' f
1000 500 . “ : 0 n 1000
b) o 740 » tsec c)
0 50 100 150 ) 200 250 300
a
Fig. 5.25.1. Diagrama variatiilor in timp ale presiunilor px(t) si py(t)
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Fig. 5.25.2. Diagrama variatiilor in timp ale presiunilor mediate py(t) si py(t)
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Fig. 5.25.3. Diagrama variatiilor in timp ale pulsatiilor de presiune Ex(t) si 5y(t)

In diagrame sunt date si reprezentate valorile medii ale presiunilor pe
intreaga secventa inregistrata de durata Ts:

1
Upsy =7 Jpxlyi(t}jt (5.82)
0
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S-au obtinut valorile medii Upy =47,32 N/m? si Up, =44.1 N/m?, egale pentru

componentele nefiltrate (fig. 5.25.1.) si filtrate (fig. 5.25.2.). Mici diferente se
inregistreaza intre valorile deviatiei standard o (5.69):

e 0x=13,55 N/m2 pentru componenta px(t) nefiltrata

e o,=17,18 N/m? pentru componenta py(t) nefiltrata

e 0x=10,74 N/mZ2 pentru componenta px(t) filtrata

e oy,=14,32 N/m? pentru componenta py(t) filtrata

Pentru componentele pulsatorii B'X(t) Si 5y(t) valorile deviatiei standard sunt
ox=7,7 N/m? si respectiv o,=7,4 N/m?, rezultand, conform relatiei (5.74),

intensitatea adimensionald a turbulentei, cu o valoare maxima I, = 174 ~0,4
Pentru calculul functiei de corelatie (5.65) s-a apelat la expresia finita:
1 Ts-T
Rpx.py(T) = — Ipx,y(t)px,y(t +Tb't (5.83)
0
care sub o forma discreta devine:
n—i
. 1 .
Rpx,py (1:4T) = ————— prly(kAT)pX,y(kAT +idt)at  (5.84)
k=1

rezultand pentru At=Ar:
n—i

in cazul cand componenta presiunii contine o valoare medie de valoare mult
diferitd de valoarea zero, ca in cazul de fatd, Upy =47,32 N/m?, atunci functia de
corelatie se calculeaza cu relatia:

n—i . _
Rpx(i)=nl—_,.2[px,y(k)—UPXJ[px,y(k+i)fprJ,- (i =1,2,3,....nr) (5.86)
k

in figura 5.25.4.a) este prezentat grafic coeficientului de corelatie
adimensional al semnalului de presiune px(t), calculat cu relatia (5.66), care ajunge
Rpx (T)
0%
utilizat relatia (5.86).

la forma rpy (T): , tinand cont de faptul ca la calculul functiei de corelatie s-a
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Fig. 5.25.4. Ilustrarea functiilor; a) coeficientul de corelatie si b) spectrul logaritmic de putere

R al semnalului px(t)

In figura 5.25.4.b) este prezent spectrul logaritmic de putere al
componentei px(t), calculat cu relatia (5.72). Spectrul prezentat, logaritmic pe
ambele axe, relevd un domeniu plat in banda 0,01 —10 Hz cu un varf la 4,8 Hz
cauzat de excitarea suportului elastic de prindere al senzorului Spp, (fig. 5.17.), 0
teava de diametru 25 mm si lungime 1,8 m prinsa la baza de stalpul de amplasare
al antenei.

Actiunea vantului asupra antenei masurata prin pseudosenzorii cu
traductoare TER este data prin semnalele fortelor Fx(t) si Fy(t).

250~ N .
| 1 | |
4 I|| !
} Fx(t)
| | (i
A 1‘ | ! ‘ |
1 A B Y
i g,
0 50 100 150 200‘5 250 | g tsec 0 300 600 900
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Fig. 5.26.1. Diagramele variatiilor in timp ale fortelor Fx(t) si Fy(t)
N

‘ 200

-
x
=2

)

T~
Yy —

s

=T

-

;.5
A

{

1

2

-
<
r
£

UFy=50,3
0
(e}

o
o

100 150 200

UFx

0001

Fig. 5.26.2. Diagramele variatiilor in timp ale componentelor mediate Fy (t) si F, (t)

BUPT



122 Cercetari experimentale - 5
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Fig. 5.26.3. Diagramele variatiilor in timp ale componentelor pulsatorii Fx(t) si Fy(t)

Cum este si normal diagramele corespunzdtoare fortelor Fx(t) si Fy(t) au
forme asemanatoare cu cele ale componentelor px(t) si py(t) ale presiunii masurate.

0.5 Sfx A

: A S T

AV \

L

e 0 100 200 T sec 0.01 0.1 1 10f -
a) b)

Fig. 5.26.4. Diagrama: a) a coeficientului de corelatie si b) a densitatii spectrale de putere, a
componentei Fx(t).

In figura 5.26.4.a) este datd diagrama coeficientului de corelatie a fortei
Fx(t) iar in figura 5.26.4.b) densitatea spectrald de putere normalizata prin deviatia
standard. Domeniul in frecventd al acestei functii este de la =0.005 la 1 Hz, acelasi
cu cel al presiunii p(t).

Diagrama de variatie in timp a momentului de torsiune My(t) a stalpului
tubular de sustinere al antenei este prezentatd in figura 5.27.1. iar diagramele
coeficientului de corelatie si densitatea spectrala de putere corespunzatoare in figura
5.27.2.

100

Din aceste diagrame si din cele ale fortelor Fy(t) si Fy(t) rezultd ca in
raspunsul structurii antenei la excitatia indusa de actiunea vantului nu sunt excitate
modurile naturale ale structurii care au domeniul frecventelor proprii peste 10 Hz,
asa cum s-a constatat si la testarea structurii antenei pe standul de laborator.
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Fig. 5.27.1. a) Diagrama variatiei in timp a momentului de torsiune M(t)

si b) Diagrama distlr(;bugiei elongatiilor
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Fig. 5.27.2. Diagrama: a) a coeficientului de corelatie si b) a densitatii spectrale de putere, a
momentului de torsiune M(t).
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5.2.3.3. Rezultate experimentale cu antena mobila.

Testarea antenei la diverse viteze ale vantului se face numai in tuneluri de
vant unde curentul de aer este asigurat de un ventilator puternic cu debit reglabil,
fiind necesara asigurarea unei suprafete de control de 10 ori mai mare decéat
diametrul echivalent al suprafetei transversale a structurii testate. Aceasta conditie
este necesara pentru a nu modifica cdmpurile de viteze si de presiuni care se
formeazd la expunerea structurii in camp liber.

In consecinta pentru o structura ca a antenei Kathrein CAS 120, cu
diametrul reflectorului de 1,2 m ar trebui sa fie testata utilizdnd un tunel de vant cu
diametrul de 10 -12 m, indisponibil in tara, si daca tinem cont de costurile extrem
de mari ale unei asemenea operatii, am recurs la o solutie mult mai iefting,
amplasand antena pe un vehicul mobil (figurile 5.28. si 5.29.).

O prima experientd s-a efectuat cu antena amplasata pe portbagajul unui
autoturism Dacia 1300, pus la dispozitie prin generozitatea domnului tehnician
Cornel Borza. Autoturismul a rulat la diverse viteze de deplasare (20 - 70 km/h) pe
doua trasee din municipiul Timisoara: zona Stadion Dan Paltinisan si Calea
Lugojului.
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b)
Fig. 5.28. Amplasarea antenei pe portbagajul unui autoturism:
a) ilustrarea campului vitezelor relative curent - structura mobila;
b) operatie de echilibrare a senzorilor pe traseul din Calea Lugojului.
O alta experienta s-a efectuat cu antena amplasata pe saua unui trailer
IVECO (figura 5.29.1.) pus la dispozitie de firma DUNCA EXPEDITION, prin
generozitatea domnului ing. Doru Husarciuc, director de exploatare.
Probele au fost efectuate pe un traseu de drum drept de pe Calea Aradului.

=

Fig. 5.29.1.Amplasarea antenei pe saua trailerului IVECO in pozitie longitudinald nerotita
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Fig. 5.29.2.Amplasarea antenei pe saua trallerulw IVECO rotit3 la ):<450 §I 90°

in figurile 5.30 sunt prezentate, in forma concisa, rezultatele la probele
efectuate cu antena amplasata pe portbagajul autoturismului Dacia 1300 (fig.5.28.),
cu antena la unghiul de rotire 09, pozitie la care sarcinile pe antena sunt maxime.
Diagramele care reprezintda componenta px(t) a presiunii pe corpul cilindric al
senzorului de presiune, corespunzatoare la patru valori ale vitezei de deplasare
vq=40; 50; 60 si 70 km/h, sunt date in figurile 5.30.1., a) reprezentand
componentele mediate py(t), b) componentele pulsatorii Ex(t) si spectrele in
frecventa ale acestora.

Din diagramele componentelor mediate se observa ca acestea au variatii
lente, acestea putand fi cauzate de, variatii ale vitezelor de deplasare, perturbatii

inertiale introduse de denivelarile de teren si existenta unor regimuri nestationare
de curgere.
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Fig. 5.30.1. Variatiile componentei px(t) a presiunii pe senzorul de presiune, la patru viteze de
rulare, a vehiculului Dacia 1300, 40, 50, 60 si 70 km/h.

a) Diagramele componentelor mediate ale presiunii vectorizata
Px _v(t); la valori ale vitezei v=40, 50, 60 si 70 km/h
b) Diagramele componentelor pulsatorii ale presiunii vectorizata
Dx _y(t) la valori ale vitezei v=40, 50, 60 si 70 km/h
c) Spectrele in frecventa ale componentelor pulsatorii ale presiunii p(t)
Pentru a avea valori de comparatie intre cele patru regimuri de rulare se poate
calcula o valoare medie pe intregul interval Ts al secventei inregistrate:
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TS
— 1
Pmx_v == | Px(t)at (5.87)
Ts 5

Pentru cele patru viteze rezulta valorile:
*  Pmx_40 =66, N/m? la viteza de deplasare vm,40=40 km/h

*  Pmx_50=88.9 N/m? la viteza de deplasare vm,0=50 km/h

*  Pmx_60 = 134,7 N/m? la viteza de deplasare vm,60=60 km/h

e Pmx 70 =162,1 N/m? la viteza de deplasare vm,70=70 km/h
Cum presiunea pe su;_arafata unui corp plasat in curent poate fi scris sub forma:

Pmx _vi =Cp M vi =40, 50, 60, 70 (5.88)

unde C, este un coeficient ce tine seama de geometria senzorului, se poate scrie o
relatie de verificare:

2
Pmx _vi (V—m'VJJ -1 (5.89)

Pmx _vj \Vm,vi
Pentru cele patru viteze rezulta:

2 2
Pmx _50 [Vm,4OJ 0,868 Pmx _60 {Vm/’oj =0.903

Pmx _40 \Vm,50 Pmx _40 \Vm,60

Pmx 70 [Vm,40

Pmx _40 \Vm,70

valori acceptabile daca se tine cont ca vitezele de rulare nu au fost pastrate
constante.

Spectrele in frecventa (fig.5.30.1c) ale componentelor pulsatorii Ex(t)

releva un grup de varfuri la frecventele 4, 12 si 15,5 Hz care apartin modurilor
sistemului elastic de prindere al senzorului de presiune.

2
J =0.799
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Fig. 5.30.2. Variatile componentei Fx(t) a fortei induse de aer,

vehiculului Dacia 1300, la patru viteze: 40, 50, 60 si 70 km/h.

a) Diagramele componentelor mediate ale fortei Fy —v(t) la valori ale vitezei v=40,

50, 60 si 70 km/h

b) Diagramele componentelor pulsatorii, Fy —v(t) la valori ale vitezei v=40, 50, 60 si

70 km/h

c) Spectrele in frecventa ale componentelor pulsatorii Fy —v(t)

Diagramele de variatie ale componentele Fy(t) si Fy(t), ale rezultantei sarcinilor din
vant, sunt date in figurile 5.30.2. si 5.30.3., in a), componentele mediate, 1
componentele pulsatorii iar in c) spectrele componentelor pulsatorii.

Pentru componenta Fx(t) relatiile adimensionale de verificare (5.89) au forma:

2
Fmx _vi [Vm,vj J _q

me_vj Vm,vi

pe directia de rulare a

Fmx _40 \Vm,50 Vm,60

2
Fmx_50 (Ym0 | _ gs5g . Fmx_60 [Vm,40
mx _ 40

2
Fmx_70 [Vm,40 | _ 5 655
Fmx _40 \Vm,70

valori mai apropiate de unitate.
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Fig. 5.30.3. Variatiile componentei Fy(t) a fortei indusa de aer, pe directia normala fata de
directia de rulare a vehiculului Dacia 1300, la patru viteze: 40, 50, 60 si 70 km/h.

a) Diagramele componentelor mediate ale fortei F, _, ;) la valori ale vitezei v=40, 50,
60 si 70 km/h

b) Diagramele componentelor pulsatorii ale fortei Fy _v(t) la valori ale vitezei v=40,
50, 60 si 70 km/h

c) Spectrele in frecventa ale componentelor puIsatoriiFNy _v(t)

0 2 4 6 8

Spectrele (fig. 5.30.2.a) corespunzatoare componentei pulsatorie FNx_v(t) releva linii

spectrale la 6, 8 si 12 Hz apropiate frecventelor proprii a structurii antenei prinsa de
structura elastica a portbagajului.

Componenta Fy(t) (fig. 5.30.3.) prezintd variatii asemanatoare componentei Fy(t),
dar normal, de niveluri mult mai mici, componenta fiind masurata pe directia
perpendiculara miscarii, structura fiind simetrica pe aceasta directie.
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Fig. 5.30.4. Variatiile componentei M.(t) a momentului de torsiune, indus de sarcinile de aer, la
patru viteze: 40, 50, 60 si 70 km/h.

a) Diagramele componentelor mediate ale momentului M, —v(t) la valori ale vitezei
v=40,50,60 si 70 km/h

b) Diagramele componentelor pulsatorii ale momentului ﬁz —v(t) la valori ale vitezei
v=40,50,60 si 70km/h

c) Spectrele in frecventa ale componentelor pulsatorii ﬁz —v(t)

Componenta Mg(t) a momentului de torsiune (fig.5.30.4) este de asemenea de
niveluri joase, din acelasi motiv, de simetrie a structurii, fata de axa de curgere,
distributiile cdmpurilor de viteze si presiuni fiind, asa cum s-a simulat numeric,
simetrice fatd de aceastd axa.

Programul experimental a cuprins si alte pozitii de rotire a antenei fatd de axa de
rulare, care vor fi valorificate in viitoare lucrari.

Acelasi program experimental s-a efectuat cu antena amplasata pe trailerul IVECO,
pe traseul din Calea Aradului.

In figura 5.31. sunt prezentate diagramele corespunzdtoare componentelor fortei
Fx(t), rezultata la deplasarea vehiculului la patru viteze, de 65, 75, 85, si 90 km/h.
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Fig. 5.31. Variatiile componentei Fx(t) a fortei induse de aer, pe directia de rulare a trailerului
IVECO, la patru viteze: 65, 75, 85 si 90 km/h.

a) Diagramele componentelor mediate ale fortei Fy —v(t) lavalori ale vitezei v=65, 75,

85 si 90 km/h

b) Diagramele componentelor FNX —v(t) ale fortei pulsatorii la valori ale vitezei v=65,
75, 85 si 90 km/h

c) Spectrele in frecventa ale componentelor puIsatoriiFNX —v(t)
Viteza maxima atinsa fiind de 90 km/h, nivelul maxim al fortei Fx(t) atinge, pentru

valoare mediatd Fy _y(t), 1450 N (fig.5.31a).

De asemenea, sunt crescute valorile componentelor pulsatorii Fy —v(t) (fig.5.31a),

iar liniile spectrele sunt de banda in jurul frecventelor 4, 15, 22 Hz, demonstrénd ca
in spatele cabinei ia nastere un curent de aer puternic turbulent.

In concluzie rezultd cd testul structurii antenei la interactiunea cu aerul
poate fi o alternativa la testul in tunelul aerodinamic, operatia puténd fi imbunatatita
printr-o prindere corespunzadtoare care sa scoata structura antenei din zona de
umbrd a cabinei vehiculului. De asemenea se poate realiza o prindere care sa
elimine efectele vibratiilor induse de neregularitatile terenului de rulare.

Pentru o dispozitivare corecta este necesara in prealabil o simulare numerica
a distributiilor campurilor de viteze si presiuni din campul inconjurator vehiculului,
tematica vizatd pentru viitoare lucrdri in domeniul interactiunii fluid —structura.
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6. CONTRIBUTII SI CONCLUZII

Principalul obiectiv al tezei este studiul teoretic si experimental privind
sarcinile induse de vant asupra unei structuri mecanice cu aplicatie la o structura de
antena parabolica.

Tematica problemei este deosebit de complexa implicind modelari ale
structurii elastice si ale fluidului cu care interactioneaza. Pentru a scoate in evidenta
amploarea fenomenelor care apar am structurat teza in asa fel incat formularile
analitice sa fie expuse in mod logic, bine sustinute de ilustratiile grafice explicative,
pe care le-am conceput in acest sens.

Astfel in capitolul 1 am facut o trecere in revista a continutului tezei scotand
in evidenta legdtura dintre deformatiile structurii si castigul semnalului captat,
vibratiile relative dintre LNC si suprafata reflectorului putdnd afecta negativ nivelul
semnalului.

In capitolul 2 am prezentat ecuatiile de curgere ale fluidului cu accent pe

particularitatile ce apar in apropierea suprafetelor structurii, toate ilustratiile
prezentate fiind rezultate pe baza unor simulari numerice.
Astfel datorita acestor ilustratii s-au evidentiat mai clar efecte subtile de curgere in
stratul limita, folosind rezultatele simularii curgerii peste o placd plana. Aparitia
vartejurilor si initierea lor in stratul limita au fost puse in evidenta prin ilustrarea
simulata numeric peste un corp cilindric, plasat transversal in calea curentului.

Complexitatea problemei formarii vartejurilor si a diverselor lor forme este
ilustrata prin rezultatele simularii, in 2D. a curgerii peste un profil rigid de parabola
plasat la diferite unghiuri (0°, 45°, 90°, 1350, 180°) fata de directia de curgere a
aerului. La simulare s-a utilizat, codul ANSYS Multiphysics.

Formarea vartejurilor alternante este deosebit de subtild, chiar pentru un
cilindru rigid, cerand anumite conditii legate de numerele Reynolds, Strouhal si
geometria sectiunii structurii, transversala directiei de curgere. Am ilustrat si
analizat formarea vartejurilor alternante, demonstrand deplasarea lor cu viteza
constanta, diferita de cea a fluidului, in spatele structurii pe traseul liniar, efect
intalnit in literatura ca si “Karman vortex street”, dupa numele celui care le-a pus in
evidenta pentru prima data ,pe cale experimentald, Theodore Von Karman (1881-
1963).

Majoritatea amplasarilor de antene TV satelit sunt pe peretii laterali ai unor
cladiri. La furtuni cu rafale puternice de vant ce se propaga de-a lungul unui perete
apare efectul de strangulare a curentului, de tip Venturi. Acest efect |-am simulat pe
un profil de antena fixat fata de perete la doua unghiuri fata de directia de curgere a
fluidului, (45°,135% pentru diferite numere Reynolds. Simularea s-a efectuat
utilizand un program in codul ANSYS Multiphysics.

In cazul in care structura este elastica apar conditii de calare a frecventei
vartejurilor alternante pe una dintre frecventele proprii ale structurii. Am ilustrat si
analizat acest efect rezonant pe o diagrama spatiald. Am prezentat douad cazuri
analizate de Laboratorul de Testari si Cercetari in Vibratii, cazuri cu urmari
catastrofale: distrugerea unui canal de fum ce deservea o instalatie chimica si
colapsul unei structuri de gratar la intrarea in camera spirald a unei turbine
hidraulice, colaps rezultat in urma unei rezonante excitata prin vartejuri alternate,
cauzate de un regim de curgere peste profilul unei bare diagonale.
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Un alt efect ce poate apare la curgerea peste o structura elastica este cel de
galopare la care structura poate sa-si piarda stabilitatea elastica. Am scris ecuatiile
dinamice ale structurii parabolice si am analizat conditiile de instabilitate.

Curgerile nestationare, le-am tratat in paragraful 2.4, regim pentru care se
deduc ecuatiile Reynolds, derivate din ecuatiile Navier Stokes pentru miscari
turbulente ale fluidului real incompresibil cum este vantul. Am aratat si exemplificat,
pe un semnal de presiune al rafalei, inregistrat cu antena amplasata in camp liber,
ca semnalul poate fi descompus in douda componente. Am analizat, pe o secventa de
vant cu rafale multiple inregistrata in camp liber, componente ce intervin in ecuatiile
lui Reynolds.

Ca aplicatie a interactiunii fluid (vant) structura (capitolul 3) s-au scris
ecuatiile cuplate pentru interactiunea vant si corpul cilindric al senzorului
bidirectional de presiune, conceput si realizat pentru testarea antenei.

In subcapitolul 3.2 am prezentat problemele pe care le ridica discretizarile,
structurii elastice, fluidului si racordarea celor doua retele prin mesh variabil. Si aici,
ilustrarea este facuta pe interactiunea vént antena parabolicd. Sunt analizate si
formele discrete ale ecuatiilor diferentiale ce guverneaza interactiunea fluid
structurd, ecuatii neliniare cuplate. Ca aplicatie pentru problema interactiunii fluid
structura, am realizat o simulare in 2D cu ajutorul programului ANSYS Multiphysics.

Capitolul 4 este dedicat analizei programelor de simulare la diverse regimuri
de vant pe diverse structuri, cu detalierea liniillor de comanda pentru simularea
curgerii: peste un cilindru in (2D), peste o placa si peste un cilindru in (3D)
considerat elastic incastrat la ambele capete.

Pentru simularea interactiunii fluid - structura antend, in 3D s-au realizat
programe in codul ANSYS-CFX pentru o serie de regimuri ale vantului, cu antena in
diverse pozitii unghiulare fata de linia curentului (0°, 45°,90°, 1359, 1809).

La simularea in 3D am recurs la o simplificare a modelului dinamic al
antenei. Am inlocuit legatura elastica de prindere a antenei prin suportul tubular, cu
un grup de arcuri, ale caror constante s-au ales in asa fel incat frecventa primului
mod natural de vibratii al sistemului reflector grup de arcuri sa fie apropiata valoric
de cea a primului mod determinata experimental pe structura reala (14,28 Hz). S-a
recurs la aceasta simplificare care nu modifica practic campurile de viteze si presiuni
din volumul de control, suprafata reflectorului scaldata de fluid fiind mult mai mare
decat aceea a celorlalte elemente. Prin acest artificiu se reduce mult timpul de
procesare, care si asa pentru o rulare a modelului simplificat poate ajunge la 24 de
ore, pentru un mesh de 9804 elemente, cu rulare pe o statie SUN cu doua
procesoare.

Ca date de intrare s-a ales o viteza la intrarea in volumul de control uniform
crescatoare de la 0 la 60 m/s in 10 secunde, ceea ce baleiaza intreg domeniu al
nivelelor de vant posibil de atins.

O alta simulare a fost una de tip rafald, luandu-se ca date de intrare variatia
in timp a vitezei unei rafale reale (fig.2.19), inregistrata cu antena amplasata pe
acoperisul cladirii de Orologerie, valorile inregistrate fiind multiplicate cu un factor
de amplificare care a adus valoarea medie a vitezei rafalei de intrare in simulare la
30 m/s.

Aceiasi variatie de tip rafala a vitezei de intrare s-a utilizat si pentru cazul
amplasarii antenei sub un unghi de 1359 fatda de un perete, unde, asa cum s-a
aratat, apar curgeri de tip Venturi.

Contributii originale importante am adus si in cadrul lucrarilor experimentale
care fac obiectul capitolului 5.
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Deoarece nu am avut la dispozitie o documentatie de executie a reflectorului
parabolic si la testele de vibratii ale antenei era necesara localizarea cu precizie a
punctelor de amplasare a senzorilor de masurare a vibratiilor, am recurs la o
metoda simpla de ridicare a suprafetei paraboloidului prin zece profiluri pe un sector
simetric de 90°.

Am conceput si realizat un stand de analiza modala a structurii antenei,
aceasta fiind amplasata pe un bloc masiv rigid, care la randul sau este suspendat de
elemente elastice, ansamblul astfel format fiind izolat energetic de mediul
fnconjurator.

La testarea modalda a structurii pe standul de laborator am conceput un
sistem original de masurare a vibratiilor dupa trei directii ortogonale, utilizénd
senzorul USP pus la dispozitia laboratorului nostru de firma Microflown, metoda
conceputa de noi fiind expusa n ebook-ul
http://www.microflown.com/data/books/EBook Microflown/Ebook 7 vibration.pdf.

In ceea ce priveste testarea antenei in conditii de cdamp deschis la rafale de
vant reale, constatand unele probleme legate de deriva nulului electric, am conceput
un senzor compact, care s@ masoare cele trei componente Fx(t), F,(t) si M(t), ale
sarcinilor induse de vant. Senzorul realizat partial urmeaza sa inlocuiasca
pseudosenzorul realizat prin montaje de TER-uri amplasate pe suportul tubular al
reflectorului antenei.

Si in ceea ce priveste masurarea presiunii vantului am conceput doua tipuri
de senzori cu traductoare piezoelectrice. Sarcina din vant este proiectatad periodic pe
axa traductorului piezoelectric amplasat pe o lama elastica rotativa.

Semnalele inregistrarilor efectuate in cdmp liber, cu antena amplasata pe
cladirea Orologerie a Facultatii de Mecanica, au fost prelucrate atat in domeniul timp
cat si in domeniul frecventa prin componentele mediate, in cazul semnalelor de
presiune (px(t) si p,(t)) si pulsatorii (Px(t) si Py(t)), ale caror distributii
statistice verifica destul de bine legea normald, conditie impusa de scrierea
ecuatiilor Reynolds.

Densitatile spectrale ale semnalelor de presiune obtinute prin intermediul
functiilor de corelatie, relevand valori notabile in domeniu 0,01 la 1 Hz. Aceleasi
tipuri de diagrame s-au obtinut si pentru diagramele semnalelor fortelor Fx(t) si

Fy(t), prin componentele mediate Fy (t) si F, (t) si componentele pulsatorii FNX (t)

Si FNy (t) si a momentului de torsiune a stalpului de prindere al reflectorului, M,(t).

Rezultate notabile am obtinut si la probele cu antena amplasata pe
portbagajul unui autoturism si pe saua unui trailer IVECO. In ambele cazuri
autovehiculele au rulat cu diverse viteze.

Din inregistrarile efectuate s-a verificat legea de variatie a sarcinilor pe
antenad ca o functie patratica a vitezei de deplasare. Inseamna ca sarcinile principale
provin din actiunea aer structura antena, testul pe vehiculul in miscare putand fi o
alternativa la testul in tunelul aerodinamic.

In concluzie, o preocupare de viitor va fi aceea a simuldrii acestei
interactiuni tindnd seama si de influenta geometriei vehiculului si de imbunatatirea
sistemului de fixare a antenei pe vehicul, la testul experimental, vizandu-se
diminuarea perturbatiilor inertiale provenite prin rularea vehiculului.
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Anexa

Simularea curgerii peste structura antenei
pozitionata cu axa la 0° fata de directia de
curgere, viteza rafala 30 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F23.21,F24.21,F25.21,F26.21
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F22.21
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0 [ms~-1]
W =0 [ms~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface

Boundary Type = WALL

Location = F18.21,F19.21,F20.21

BOUNDARY CONDITIONS:

MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement

Send to ANSYS = Total Force

END

WALL INFLUENCE ON FLOW:
Option = No Slip

END

WALL ROUGHNESS:
Option = Smooth Wall

END

END
END

END
END
FLOW:
DOMAIN:Default Domain

BOUNDARY:outlet
Boundary Type = OPENING
Location = F27.21
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain

DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END

END
END
FLOW:
DOMAIN:Default Domain

DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END

END
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END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0 [ms~-1]
W =0 [m s”-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File =
E:/teza/ansys/antena_rotation_0g/v30/antenall.inp
Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 9.99 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.015 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time

END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:

Maximum Number of Coefficient Loops = 3

Minimum Number of Coefficient Loops = 2

Timescale Control = Coefficient Loops

END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = le-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s~-1]
INTERPOLATION DATA:

Data Pairs =
,14.81,0.015,10.74,0.03,9.981,0.045,14.29,0.06,1
.36,0.075,15.2,0.09,14.36,0.105,11.94,0.12,12.92,
.135,16.6,0.15,16.16,0.165,15.53,0.18,14.79,0.19
,12.21,0.21,14.2,0.225,16.64,0.24,15.24,0.255,13.
79,0.27,12.3,0.285,15.14,0.3,13.57,0.315,14.07,0.3
3,16.53,0.345,12.56,0.36,12.32,0.375,12.62,0.39,1
2.35,0.405,14.23,0.42,13.84,0.435,10.05,0.45,10.3
2,0.465,8.79,0.48,11.98,0.495,15.93,0.51,9.108,0.5
25,10.93,0.54,10.03,0.555,9.702,0.57,16.25,0.585,
12.87,0.6,1.171,0.615,8.67,0.63,10.93,0.645,11.09,
0.66,14.14,0.675,10.75,0.69,3.261,0.705,8.853,0.7
2,14.29,0.735,15.1,0.75,14.2,0.765,14.17,0.78,17.3
8,0.795,11.71,0.81,16.67,0.825,19.92,0.84,11.84,0.
855,16.02,0.87,18.99,0.885,15.29,0.9,20.49,0.915,

0
6
0
5
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22.16,0.93,16.55,0.945,20.88,0.96,22.64,0.975,19.
51,0.99,22.58,1.005,17.87,1.02,19.42,1.035,18.52,
1.05,19.54,1.065,20.23,1.08,19.3,1.095,20.39,1.11,
21.02,1.125,18.31,1.14,20.43,1.155,20.89,1.17,21.
36,1.185,21.76,1.2,19.13,1.215,18.47,1.23,21.58,1.
245,21.24,1.26,17.43,1.275,20.02,1.29,19.97,1.305
,19.64,1.32,23,1.335,21.6,1.35,18.57,1.365,21.19,1
.38,22.81,1.395,21.19,1.41,22.84,1.425,21.74,1.44,
18.74,1.455,19.99,1.47,21.72,1.485,19.79,1.5,19.8
4,1.515,20.1,1.53,20.98,1.545,20.63,1.56,20.85,1.5
75,21.2,1.59,19.83,1.605,20.67,1.62,23.15,1.635,2
2.06,1.65,22.62,1.665,24.04,1.68,21.52,1.695,23.9
8,1.71,26.4,1.725,25.42,1.74,24.6,1.755,24.5,1.77,
24.59,1.785,25.06,1.8,25.48,1.815,26.95,1.83,27.7
6,1.845,27.43,1.86,26.99,1.875,27.32,1.89,27.12,1.
905,26.6,1.92,25.8,1.935,25.77,1.95,25.16,1.965,2
5.79,1.98,25.63,1.995,27.06,2.01,26.87,2.025,27.2
6,2.04,26.42,2.055,28.72,2.07,28.18,2.085,26.45,2.
1,27.88,2.115,25.47,2.13,25.66,2.145,28.89,2.16,2
7.24,2.175,27.02,2.19,28.17,2.205,26.15,2.22,28.4,
2.235,29.59,2.25,25.37,2.265,26.97,2.28,22.68,2.2
95,26.39,2.31,28.85,2.325,24.57,2.34,27.68,2.355,
25.78,2.37,22.27,2.385,29.2,2.4,27.16,2.415,24.77,
2.43,28.55,2.445,25.09,2.46,26.45,2.475,31.56,2.4
9,29.66,2.505,32.79,2.52,30.87,2.535,31.68,2.55,3
6.15,2.565,34.41,2.58,35.01,2.595,35.88,2.61,34.4
7,2.625,37.77,2.64,38.58,2.655,36.57,2.67,37.92,2.
685,37.41,2.7,38.4,2.715,40.98,2.73,39.72,2.745,3
9.57,2.76,39.87,2.775,37.98,2.79,39.78,2.805,38.5
5,2.82,37.92,2.835,38.85,2.85,37.26,2.865,38.55,2.
88,39.54,2.895,38.61,2.91,39.69,2.925,37.92,2.94,
37.47,2.955,39.51,2.97,38.52,2.985,36.96,3,38.13,
3.015,36.48,3.03,37.59,3.045,38.64,3.06,35.7,3.07
5,35.85,3.09,37.62,3.105,36.18,3.12,36.24,3.135,3
4.23,3.15,30.87,3.165,34.44,3.18,34.74,3.195,33.8
1,3.21,33.21,3.225,29.83,3.24,32.1,3.255,31.41,3.2
7,30.78,3.285,32.61,3.3,31.02,3.315,30.72,3.33,32.
94,3.345,30.51,3.36,30.3,3.375,32.67,3.39,30.03,3.
405,31.26,3.42,32.01,3.435,28.79,3.45,30.72,3.465
,29.95,3.48,29,3.495,29.82,3.51,30.75,3.525,30.12,
3.54,27.68,3.555,29.4,3.57,30.39,3.585,30.42,3.6,3
1.08,3.615,29.03,3.63,29.07,3.645,31.02,3.66,31.5,
3.675,30.57,3.69,29.94,3.705,27.82,3.72,29.3,3.73
5,29.88,3.75,30.96,3.765,31.17,3.78,33.36,3.795,3
2.1,3.81,32.58,3.825,34.47,3.84,32.28,3.855,30.24,
3.87,33.42,3.885,32.01,3.9,31.47,3.915,32.88,3.93,
31.02,3.945,31.32,3.96,33.57,3.975,31.59,3.99,33.
12,4.005,31.5,4.02,29.49,4.035,30.87,4.05,29.75,4.
065,29.49,4.08,31.05,4.095,28.95,4.11,29.19,4.125
,29.83,4.14,27.92,4.155,30.9,4.17,32.58,4.185,27.6
6,4.2,28,4.215,29.04,4.23,30.21,4.245,31.74,4.26,2
9.23,4.275,31.44,4.29,33.12,4.305,31.17,4.32,31.7
7,4.335,30.99,4.35,28.58,4.365,28.1,4.38,29.83,4.3
95,30.54,4.41,32.01,4.425,28.56,4.44,27.6,4.455,3
1.05,4.47,33.39,4.485,32.91,4.5,28.13,4.515,27.78,
4.53,27.48,4.545,29.47,4.56,30.3,4.575,26.9,4.59,2
5.37,4.605,27.3,4.62,28.59,4.635,31.08,4.65,31.32,
4.665,27.39,4.68,28.15,4.695,31.53,4.71,33.39,4.7
25,35.1,4.74,34.38,4.755,32.88,4.77,34.32,4.785,3
4.65,4.8,36.21,4.815,35.94,4.83,33.75,4.845,34.71,
4.86,35.79,4.875,37.17,4.89,39.66,4.905,39.27,4.9
2,37.89,4.935,39.15,4.95,38.94,4.965,39.24,4.98,4
0.65,4.995,38.49,5.01,36.57,5.025,36.48,5.04,38.4
9,5.055,39.36,5.07,38.46,5.085,37.77,5.1,36.03,5.1
15,35.85,5.13,37.95,5.145,37.29,5.16,35.49,5.175,
35.22,5.19,34.14,5.205,34.98,5.22,36.48,5.235,35.

1,5.25,33.24,5.265,32.82,5.28,35.07,5.295,35.94, 5.
31,37.41,5.325,38.31,5.34,36.84,5.355,38.13,5.37,
41.58,5.385,41.28,5.4,41.61,5.415,41.97,5.43,40.0
5,5.445,40.32,5.46,42.3,5.475,42.03,5.49,42.42,5.5
05,41.55,5.52,41.55,5.535,42.93,5.55,42.99,5.565,
43.38,5.58,43.26,5.595,41.31,5.61,41.22,5.625,42.
69,5.64,41.94,5.655,42.42,5.67,41.85,5.685,40.26,
5.7,41.1,5.715,41.91,5.73,40.83,5.745,41.43,5.76,4
2.03,5.775,43.35,5.79,43.23,5.805,43.92,5.82,43.9
5,5.835,42.3,5.85,43.59,5.865,45.3,5.88,45.33,5.89
5,46.26,5.91,45.51,5.925,43.65,5.94,44.85,5.955,4
6.08,5.97,44.76,5.985,44.88,6,42.18,6.015,41.88,6.
03,41.94,6.045,42.06,6.06,42.36,6.075,40.65,6.09,
40.74,6.105,42.18,6.12,41.13,6.135,41.61,6.15,40.
95,6.165,39.45,6.18,40.98,6.195,42.18,6.21,41.16,
6.225,41.49,6.24,40.41,6.255,39.96,6.27,42.24,6.2
85,40.35,6.3,41.16,6.315,40.38,6.33,38.13,6.345,4
1.1,6.36,41.67,6.375,39.84,6.39,40.95,6.405,40.23,
6.42,38.37,6.435,41.01,6.45,39.72,6.465,38.46,6.4
8,41.16,6.495,41.04,6.51,40.86,6.525,41.19,6.54,4
0.89,6.555,40.77,6.57,40.95,6.585,40.17,6.6,38.91,
6.615,38.73,6.63,39.66,6.645,39.54,6.66,38.7,6.67
5,37.98,6.69,38.64,6.705,39.93,6.72,41.1,6.735,40.
11,6.75,38.52,6.765,40.53,6.78,40.65,6.795,41.91,
6.81,43.56,6.825,42.93,6.84,42.96,6.855,44.58,6.8
7,44.64,6.885,44.28,6.9,43.89,6.915,41.79,6.93,42.
27,6.945,43.32,6.96,42.75,6.975,42.21,6.99,41.28,
7.005,41.85,7.02,42.27,7.035,41.91,7.05,41.22,7.0
65,39.03,7.08,38.37,7.095,39.51,7.11,39.81,7.125,
38.43,7.14,37.62,7.155,37.86,7.17,38.28,7.185,37.
89,7.2,36.39,7.215,35.28,7.23,36.06,7.245,37.14,7.
26,38.94,7.275,37.17,7.29,37.68,7.305,38.55,7.32,
36.54,7.335,36.99,7.35,37.02,7.365,34.68,7.38, 35.
43,7.395,36.33,7.41,34.2,7.425,34.98,7.44,35.82,7.
455,35.34,7.47,38.04,7.485,38.4,7.5,37.56,7.515,3
7.08,7.53,37.62,7.545,39.36,7.56,40.11,7.575,39.4
2,7.59,39.81,7.605,41.13,7.62,42.57,7.635,43.2,7.6
5,42.87,7.665,42.45,7.68,43.02,7.695,44.43,7.71,4
4.1,7.725,43.56,7.74,43.47,7.755,44.13,7.77,44.34,
7.785,42.72,7.8,43.29,7.815,41.25,7.83,39.09,7.84
5,40.98,7.86,39.36,7.875,37.11,7.89,39.24,7.905,3
8.4,7.92,37.56,7.935,40.02,7.95,38.16,7.965,37.14,
7.98,39.24,7.995,37.02,8.01,36.6,8.025,35.91,8.04,
34.92,8.055,35.58,8.07,35.85,8.085,35.64,8.1,35.1
3,8.115,34.92,8.13,35.79,8.145,36.72,8.16,36.15,8.
175,35.79,8.19,36.09,8.205,36.69,8.22,37.95,8.235
,37.47,8.25,33.9,8.265,35.19,8.28,32.64,8.295,33.5
7,8.31,35.4,8.325,31.86,8.34,32.82,8.355,34.92,8.3
7,32.31,8.385,33.69,8.4,33.51,8.415,29.57,8.43,31.
23,8.445,31.29,8.46,27.29,8.475,28.83,8.49,27.72,
8.505,28.32,8.52,29.11,8.535,27.81,8.55,27.47,8.5
65,26.25,8.58,25.2,8.595,26.33,8.61,26.76,8.625,2
6.04,8.64,24.46,8.655,21.21,8.67,22.64,8.685,25.6
3,8.7,24.57,8.715,22.42,8.73,19.33,8.745,18.65,8.7
6,22.6,8.775,20.2,8.79,16.46,8.805,17.7,8.82,21.1,
8.835,22.6,8.85,23.42,8.865,22.04,8.88,20.69,8.89
5,21.34,8.91,22.18,8.925,22.97,8.94,24.12,8.955,2
2.93,8.97,22.21,8.985,25.22,9,29.43,9.015,28.94,9.
03,29.56,9.045,29.02,9.06,27.78,9.075,28.28,9.09,
29.71,9.105,29.2,9.12,28.94,9.135,27.4,9.15,26.23,
9.165,28.16,9.18,29.75,9.195,27.46,9.21,24.62,9.2
25,22.41,9.24,22.56,9.255,22.63,9.27,23.35,9.285,
24.02,9.3,18.01,9.315,16.2,9.33,19.98,9.345,17.05,
9.36,17.84,9.375,18.71,9.39,11.06,9.405,11.78,9.4
2,17.98,9.435,15.02,9.45,16.61,9.465,16.87,9.48,1
1.89,9.495,16.59,9.51,18.88,9.525,20.95,9.54,19.7
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2,9.555,14.83,9.57,14.21,9.585,12.71,9.6,15.5,9.61
5,16.82,9.63,14.74,9.645,9.147,9.66,7.446,9.675,9.
066,9.69,14.28,9.705,14.97,9.72,12.13,9.735,5.328
,9.75,4.977,9.765,10.38,9.78,16.9,9.795,11.39,9.81
,9.885,9.825,9.417,9.84,9.822,9.855,17.81,9.87,21.
75,9.885,18.19,9.9,12.32,9.915,16.22,9.93,21.38,9.
945,24.77,9.96,23.72,9.975,17.22,9.99,11.06
Extend Max = On
Extend Min = On
Option = One Dimensional
END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m”~-1 s/~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m”-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa la 0° fata de directia de
curgere, viteza 0-60 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F23.21,F24.21,F25.21,F26.21
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F22.21
BOUNDARY CONDITIONS:

FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0[ms~-1]
W =0 [m s~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface
Boundary Type = WALL
Location = F18.21,F19.21,F20.21
BOUNDARY CONDITIONS:
MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement
Send to ANSYS = Total Force
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F27.21
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
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END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0[ms"-1]
W =0 [ms~-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:

Option = Transient
EXTERNAL SOLVER COUPLING:

ANSYS Input File =
E:/teza/ansys/antena_rotation_0g/v_0_60/antenall
.inp

Option = ANSYS MultiField

COUPLING TIME CONTROL:

COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 10 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.01 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:

Maximum Number of Coefficient Loops = 3

Minimum Number of Coefficient Loops = 2

Timescale Control = Coefficient Loops

END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = 1le-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
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LIBRARY:
CEL:

FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s~-1]
INTERPOLATION DATA:

Data Pairs =

0,0,0.01,0.06,0.02,0.12,0.03,0.18,0.04,0.24,0.05,0.
3,0.06,0.36,0.07,0.42,0.08,0.48,0.09,0.54,0.1,0.6,0
.11,0.66,0.12,0.72,0.13,0.78,0.14,0.84,0.15,0.9,0.1
6,0.96,0.17,1.02,0.18,1.08,0.19,1.14,0.2,1.2,0.21,1
.26,0.22,1.32,0.23,1.38,0.24,1.44,0.25,1.5,0.26,1.5
6,0.27,1.62,0.28,1.68,0.29,1.74,0.3,1.8,0.31,1.86,0
.32,1. 92 0.33,1.98,0.34,2.04,0. 35,2 1,0.36,2.16,0.3
7,2.22,0.38,2.28,0.39,2.34,0.4,2.4,0.41,2.46,0.42,2
52 0. 43 2.58,0.44,2.64,0.45,2.7,0.46,2.76,0.47,2.8
2,0.48,2.88,0.49,2.94,0.5,3,0.51,3.06,0.52,3.12,0.5
3,3.18,0.54,3.24,0.55,3.3,0.56,3.36,0.57,3.42,0.58,
3.48,0.59,3.54,0.6,3.6,0.61,3.66,0.62,3.72,0.63,3.

8,0.64,3.84,0.65,3.9,0.66,3.96,0.67,4.02,0.68,4.08,
0.69,4.14,0.7,4.2,0.71,4.26,0.72,4.32,0.73,4.38,0.7

4,4.44,0.75,4.5,0.76,4.56,0.77,4.62,0.78,4.68,0.79,
4.74,0.8,4.8,0.81,4.86,0.82,4.92,0.83,4.98,0.84,5.0
4,0.85,5.1,0.86,5.16,0.87,5.22,0.88,5.28,0.89,5.34

0.9,5.4,0.91,5.46,0.92,5.52,0.93,5.58,0.94,5.64,0.9
5,5.7,0.96,5.76,0.97,5.82,0.98,5.88,0.99,5.94,1,6,1
.01,6.06,1.02,6.12,1.03,6.18,1.04,6.24,1.05,6.3,1.0
6,6.36,1.07,6.42,1.08,6.48,1.09,6.54,1.1,6.6,1.11,6
.66,1.12,6.72,1.13,6.78,1.14,6.84,1.15,6.9,1.16,6.9
6,1.17,7.02,1.18,7.08,1.19,7.14,1.2,7.2,1.21,7.26,1
.22,7.32,1.23,7.38,1.24,7.44,1.25,7.5,1.26,7.56,1.2
7,7.62,1.28,7.68,1.29,7.74,1.3,7.8,1.31,7.86,1.32,7
.92,1.33,7.98,1.34,8.04,1.35,8.1,1.36,8.16,1.37,8.2
2,1.38,8.28,1.39,8.34,1.4,8.4,1.41,8.46,1.42,8.52, 1
.43,8.58,1.44,8.64,1.45,8.7,1.46,8.76,1.47,8.82,1.4
8,8.88,1.49,8.94,1.5,9,1.51,9.06,1.52,9.12,1.53,9.1
8,1.54,9.24,1.55,9.3,1.56,9.36,1.57,9.42,1.58,9.48,
1.59,9.54,1.6,9.6,1.61,9.66,1.62,9.72,1.63,9.78,1.6
4,9.84,1.65,9.9,1.66,9.96,1.67,10.02,1.68,10.08,1.6
9,10.14,1.7,10.2,1.71,10.26,1.72,10.32,1.73,10.38,
1.74,10.44,1.75,10.5,1.76,10.56,1.77,10.62,1.78,10
.68,1.79,10.74,1.8,10.8,1.81,10.86,1.82,10.92,1.83,
10.98,1.84,11.04,1.85,11.1,1.86,11.16,1.87,11.22,1
.88,11.28,1.89,11.34,1.9,11.4,1.91,11.46,1.92,11.5
2,1.93,11.58,1.94,11.64,1.95,11.7,1.96,11.76,1.97,
11.82,1.98,11.88,1.99,11.94,2,12,2.01,12.06,2.02,1
2.12,2.03,12.18,2.04,12.24,2.05,12.3,2.06,12.36,2.
07,12.42,2.08,12.48,2.09,12.54,2.1,12.6,2.11,12.66
,2.12,12.72,2.13,12.78,2.14,12.84,2.15,12.9,2.16,1
2.96,2.17,13.02,2.18,13.08,2.19,13.14,2.2,13.2,2.2
1,13.26,2.22,13.32,2.23,13.38,2.24,13.44,2.25,13.5
,2.26,13.56,2.27,13.62,2.28,13.68,2.29,13.74,2.3,1
3.8,2.31,13.86,2.32,13.92,2.33,13.98,2.34,14.04,
35,14.1,2.36,14.16,2.37,14.22,2.38,14.28,2.39,14.3

4,2.4,14.4,2.41,14.46,2.42,14.52,2.43,14.58,2.44,1
4.64,2.45,14.7,2.46,14.76,2.47,14.82,2.48,14.88,2.
49,14.94,2.5,15,2.51,15.06,2.52,15.12,2.53,15.18,2
.54,15.24,2.55,15.3,2.56,15.36,2.57,15.42,2.58,15.
48,2.59,15.54,2.6,15.6,2.61,15.66,2.62,15.72,2.63,
15.78,2.64,15.84,2.65,15.9,2.66,15.96,2.67,16.02,2
.68,16.08,2.69,16.14,2.7,16.2,2.71,16.26,2.72,16.3
2,2.73,16.38,2.74,16.44,2.75,16.5,2.76,16.56,2.77,
16.62,2.78,16.68,2.79,16.74,2.8,16.8,2.81,16.86,2.
82,16.92,2.83,16.98,2.84,17.04,2.85,17.1,2.86,17.1
6,2.87,17.22,2.88,17.28,2.89,17.34,2.9,17.4,2.91,1

7.46,2.92,17.52,2.93,17.58,2.94,17.64,2.95,17.7,2.
96,17.76,2.97,17.82,2.98,17.88,2.99,17.94,3,18,3.0
1,18.06,3.02,18.12,3.03,18.18,3.04,18.24,3.05,18.3
,3.06,18.36,3.07,18.42,3.08,18.48,3.09,18.54,3.1,1
8.6,3.11,18.66,3.12,18.72,3.13,18.78,3.14,18.84,3.
15,18.9,3.16,18.96,3.17,19.02,3.18,19.08,3.19,19.1
4,3.2,19.2,3.21,19.26,3.22,19.32,3.23,19.38,3.24,1
9.44,3.25,19.5,3.26,19.56,3.27,19.62,3.28,19.68,3.
29,19.74,3.3,19.8,3.31,19.86,3.32,19.92,3.33,19.98
.34,20.04,3.35,20.1,3.36,20.16,3.37,20.22,3.38,2
.28,3.39,20.34,3.4,20.4,3.41,20.46,3.42,20.52,3.4
20.58,3.44,20.64,3.45,20.7,3.46,20.76,3.47,20.82
.48,20.88,3.49,20.94,3.5,21,3.51,21.06,3.52,21.1
53,21.18,3.54,21.24,3.55,21.3,3.56,21.36,3.57,
.48,3.59,21.54,3.6,21.6,3.61,21.66,3.
,21.78,3.64,21.84,3.65,21.9,3.66,21.9
.08,3.69,22.14,3.7,22.2,3.71,2
22.38,3 7
3.7

62,
1

woy,

2,3.53,21.18
21.42,3.58,21
62,21.72,3.63
6,3.67,22.02,3.68,22
2.26,3.72,22.32,3.73,22.38,3.74,22.44,3.75,22.5,3.
76,22.56,3.77,22.62,3.78,22.68,3.79,22.74,3.8,22.8
,3.81,22.86,3.82,22.92,3.83,22.98,3.84,23.04,3.85,
3.1,3.86,23.16,3.87,23.22,3.88,23.28,3.89,23.34,3
.9,23.4,3.91,23.46,3.92,23.52,3.93,23.58,3.94,23.6
4,3.95,23.7,3.96,23.76,3.97,23.82,3.98,23.88,3.99,
23.94,4,24,4.01,24.06,4.02,24.12,4.03,24.18,4.04,2
4.24,4.05,24.3,4.06,24.36,4.07,24.42,4.08,24.48,4.
09,24.54,4.1,24.6,4.11,24.66,4.12,24.72,4.13,24.78
,4.14,24.84,4.15,24.9,4.16,24.96,4.17,25.02,4.18,2
5.08,4.19,25.14,4.2,25.2,4.21,25.26,4.22,25.32,4.2
3,25.38,4.24,25.44,4.25,25.5,4.26,25.56,4.27,25.62
,4.28,25.68,4.29,25.74,4.3,25.8,4.31,25.86,4.32,25.
92,4.33,25.98,4.34,26.04,4.35,26.1,4.36,26.16,4.37
,26.22,4.38,26.28,4.39,26.34,4.4,26.4,4.41,26.46,4.
42,26.52,4.43,26.58,4.44,26.64,4.45,26.7,4.46,26.7
6,4.47,26.82,4.48,26.88,4.49,26.94,4.5,27,4.51,27.
06,4.52,27.12,4.53,27.18,4.54,27.24,4.55,27.3,4.56
,27.36,4.57,27.42,4.58,27.48,4.59,27.54,4.6,27.6,4.
61,27.66,4.62,27.72,4.63,27.78,4.64,27.84,4.65,27.
9,4.66,27.96,4.67,28.02,4.68,28.08,4.69,28.14,4.7,
28.2,4.71,28.26,4.72,28.32,4.73,28.38,4.74,28.44,4
.75,28.5,4.76,28.56,4.77,28.62,4.78,28.68,4.79,28.
74,4.8,28.8,4.81,28.86,4.82,28.92,4.83,28.98,4.84,
29.04,4.85,29.1,4.86,29.16,4.87,29.22,4.88,29.28,4
.89,29.34,4.9,29.4,4.91,29.46,4.92,29.52,4.93,29.5
8,4.94,29.64,4.95,29.7,4.96,29.76,4.97,29.82,4.98,
29.88,4.99,29.94,5,30,5.01,30.06,5.02,30.12,5.03,3

0.18,5.04,30.24,5.05,30.3,5.06,30.36,5.07,30.42,5.
08,30.48,5.09,30.54,5.1,30.6,5.11,30.66,5.12,30.72
,5.13,30.78,5.14,30.84,5.15,30.9,5.16,30.96,5.17,3
1.02,5.18,31.08,5.19,31.14,5.2,31.2,5.21,31.26,5.2
2,31.32,5.23,31.38,5.24,31.44,5.25,31.5,5.26,31.56
,5.27,31.62,5.28,31.68,5.29,31.74,5.3,31.8,5.31,31.
86,5.32,31.92,5.33,31.98,5.34,32.04,5.35,32.1,5.36

3

5 1,
,32.16,5.37,32.22,5.38,32.28,5.39,32.34,5.4,32.4,5.
41,32.46,5.42,32.52,5.43,32.58,5.44,32.64,5.45,32.
7,5.46,32.76,5.47,32.82,5.48,32.88,5.49,32.94,5.5,
33,5.51,33.06,5.52,33.12,5.53,33.18,5.54,33.24,5.5
5,33.3,5.56,33.36,5.57,33. 58,33.48,5.59,33.54
,5.6,33.6,5.61,33.66,5.62, 78,5.64,33.
84,5.65,33.9,5.66,33.96,5. 3 8,
,34.14,5.7,34.2,5.71,34.26,5.7
74,34.44,5.75,34.5,5.76,34.56,5.77,
8,5.79,34.74,5.8,34.8,5.81,34.86,5.82,"
49858435045853515863516587, 22,5,
88,35.28,5.89,35.34,5.9,35.4,5.91,35.46,5.92,35.52
,5.93,35.58,5.94,35.64,5.95,35.7,5.96,35.76,5.97,3
5.82,5.98,35.88,5.99,35.94,6,36,6.01,36.06,6.02,36

5.
72
34.02,5.
2, 32,
5 34

42,

33.72,5.63,33.
67,34.02,
34.
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.12,6.03,36.18,6.04,36.24,6.05,36.3,6.06,36.36,6.0
7,36.42,6.08,36.48,6.09,36.54,6.1,36.6,6.11,36.66,
6.12,36.72,6.13,36.78,6.14,36.84,6.15,36.9,6.16,36
.96,6.17,37.02,6.18,37.08,6.19,37.14,6.2,37.2,6.21,
37.26,6.22,37.32,6.23,37.38,6.24,37.44,6.25,37.5,6
.26,37.56,6.27,37.62,6.28,37.68,6.29,37.74,6.3,37.
8,6.31,37.86,6.32,37.92,6.33,37.98,6.34,38.04,6.35
,38.1,6.36,38.16,6.37,38.22,6.38,38.28,6.39,38.34,
6.4,38.4,6.41,38.46,6.42,38.52,6.43,38.58,6.44,38.
64,6.45,38.7,6.46,38.76,6.47,38.82,6.48,38.88,6.49
,38.94,6.5,39,6.51,39.06,6.52,39.12,6.53,39.18,6.5
4,39.24,6.55,39.3,6.56,39.36,6.57,39.42,6.58,39.48
,6.59,39.54,6.6,39.6,6.61,39.66,6.62,39.72,6.63,39.
78,6.64,39.84,6.65,39.9,6.66,39.96,6.67,40.02,6.68
,40.08,6.69,40.14,6.7,40.2,6.71,40.26,6.72,40.32,6.
73,40.38,6.74,40.44,6.75,40.5,6.76,40.56,6.77,40.6
2,6.78,40.68,6.79,40.74,6.8,40.8,6.81,40.86,6.82,4
0.92,6.83,40.98,6.84,41.04,6.85,41.1,6.86,41.16,6.
87,41.22,6.88,41.28,6.89,41.34,6.9,41.4,6.91,41.46
,6.92,41.52,6.93,41.58,6.94,41.64,6.95,41.7,6.96,4
1.76,6.97,41.82,6.98,41.88,6.99,41.94,7,42,7.01,42
.06,7.02,42.12,7.03,42.18,7.04,42.24,7.05,42.3,7.0
6,42.36,7.07,42.42,7.08,42.48,7.09,42.54,7.1,42.6,
7.11,42.66,7.12,42.72,7.13,42.78,7.14,42.84,7.15,4
2.9,7.16,42.96,7.17,43.02,7.18,43.08,7.19,43.14,7.
2,43.2,7.21,43.26,7.22,43.32,7.23,43.38,7.24,43.44
,7.25,43.5,7.26,43.56,7.27,43.62,7.28,43.68,7.29,4
3.74,7.3,43.8,7.31,43.86,7.32,43.92,7.33,43.98,7.3
4,44.04,7.35,44.1,7.36,44.16,7.37,44.22,7.38,44.28
,7.39,44.34,7.4,44.4,7.41,44.46,7.42,44.52,7.43,44.
58,7.44,44.64,7.45,44.7,7.46,44.76,7.47,44.82,7.48
,44.88,7.49,44.94,7.5,45,7.51,45.06,7.52,45.12,7.5
3,45.18,7.54,45.24,7.55,45.3,7.56,45.36,7.57,45.42
,7.58,45.48,7.59,45.54,7.6,45.6,7.61,45.66,7.62,45.
72,7.63,45.78,7.64,45.84,7.65,45.9,7.66,45.96,7.67
,46.02,7.68,46.08,7.69,46.14,7.7,46.2,7.71,46.26,7.
72,46.32,7.73,46.38,7.74,46.44,7.75,46.5,7.76,46.5
6,7.77,46.62,7.78,46.68,7.79,46.74,7.8,46.8,7.81,4
6.86,7.82,46.92,7.83,46.98,7.84,47.04,7.85,47.1,7.
86,47.16,7.87,47.22,7.88,47.28,7.89,47.34,7.9,47 .4
,7.91,47.46,7.92,47.52,7.93,47.58,7.94,47.64,7.95,
47.7,7.96,47.76,7.97,47.82,7.98,47.88,7.99,47.94,8
,48,8.01,48.06,8.02,48.12,8.03,48.18,8.04,48.24,8.
05,48.3,8.06,48.36,8.07,48.42,8.08,48.48,8.09,48.5
4,8.1,48.6,8.11,48.66,8.12,48.72,8.13,48.78,8.14,4
8.84,8.15,48.9,8.16,48.96,8.17,49.02,8.18,49.08, 8.
19,49.14,8.2,49.2,8.21,49.26,8.22,49.32,8.23,49.38
,8.24,49.44,8.25,49.5,8.26,49.56,8.27,49.62,8.28,4
9.68,8.29,49.74,8.3,49.8,8.31,49.86,8.32,49.92,8.3
3,49.98,8.34,50.04,8.35,50.1,8.36,50.16,8.37,50.22
,8.38,50.28,8.39,50.34,8.4,50.4,8.41,50.46,8.42,50.
52,8.43,50.58,8.44,50.64,8.45,50.7,8.46,50.76,8.47
,50.82,8.48,50.88,8.49,50.94,8.5,51,8.51,51.06,8.5
2,51.12,8.53,51.18,8.54,51.24,8.55,51.3,8.56,51.36
,8.57,51.42,8.58,51.48,8.59,51.54,8.6,51.6,8.61,51.
66,8.62,51.72,8.63,51.78,8.64,51.84,8.65,51.9,8.66
,51.96,8.67,52.02,8.68,52.08,8.69,52.14,8.7,52.2,8.
71,52.26,8.72,52.32,8.73,52.38,8.74,52.44,8.75,52.
5,8.76,52.56,8.77,52.62,8.78,52.68,8.79,52.74,8.8,
52.8,8.81,52.86,8.82,52.92,8.83,52.98,8.84,53.04,8
.85,53.1,8.86,53.16,8.87,53.22,8.88,53.28,8.89,53.
34,8.9,53.4,8.91,53.46,8.92,53.52,8.93,53.58,8.94,
53.64,8.95,53.7,8.96,53.76,8.97,53.82,8.98,53.88,8
.99,53.94,9,54,9.01,54.06,9.02,54.12,9.03,54.18,9.
04,54.24,9.05,54.3,9.06,54.36,9.07,54.42,9.08,54.4
8,9.09,54.54,9.1,54.6,9.11,54.66,9.12,54.72,9.13,5

4.78,9.14,54.84,9.15,54.9,9.16,54.96,9.17,55.02,9.
18,55.08,9.19,55.14,9.2,55.2,9.21,55.26,9.22,55.32
,9.23,55.38,9.24,55.44,9.25,55.5,9.26,55.56,9.27,5
5.62,9.28,55.68,9.29,55.74,9.3,55.8,9.31,55.86,9.3
2,55.92,9.33,55.98,9.34,56.04,9.35,56.1,9.36,56.16
,9.37,56.22,9.38,56.28,9.39,56.34,9.4,56.4,9.41,56.
46,9.42,56.52,9.43,56.58,9.44,56.64,9.45,56.7,9.46
,56.76,9.47,56.82,9.48,56.88,9.49,56.94,9.5,57,9.5
1,57.06,9.52,57.12,9.53,57.18,9.54,57.24,9.55,57.3
,9.56,57.36,9.57,57.42,9.58,57.48,9.59,57.54,9.6,5
7.6,9.61,57.66,9.62,57.72,9.63,57.78,9.64,57.84,9.
65,57.9,9.66,57.96,9.67,58.02,9.68,58.08,9.69,58.1
4,9.7,58.2,9.71,58.26,9.72,58.32,9.73,58.38,9.74,5
8.44,9.75,58.5,9.76,58.56,9.77,58.62,9.78,58.68,9.
79,58.74,9.8,58.8,9.81,58.86,9.82,58.92,9.83,58.98
,9.84,59.04,9.85,59.1,9.86,59.16,9.87,59.22,9.88,5
9.28,9.89,59.34,9.9,59.4,9.91,59.46,9.92,59.52,9.9
3,59.58,9.94,59.64,9.95,59.7,9.96,59.76,9.97,59.82
,9.98,59.88,9.99,59.94,10,60

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m~-1 s/~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa la45° fata de directia de
curgere, viteza rafala 30 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
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Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0 [ms~-1]
W =0 [ms”-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface
Boundary Type = WALL
Location = F25.18,F26.18,F27.18
BOUNDARY CONDITIONS:
MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement
Send to ANSYS = Total Force
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic

END

MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]

END

MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0[ms~-1]
W =0 [m s~-1]
END
EPSILON:
Option = Automatic with Value
END
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K:

Option = Automatic with Value

END

STATIC PRESSURE:

Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:

ANSYS Input File =
E:/teza/ansys/antena_rotita_45_rotation_macro/v30
/antenal0O_45.inp

Option = ANSYS MultiField

COUPLING TIME CONTROL:

COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 9.99 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.015 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:

Maximum Number of Coefficient Loops = 3

Minimum Number of Coefficient Loops = 2

Timescale Control = Coefficient Loops

END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = le-3
Under Relaxation Factor = 0.75

END

COUPLING STEP CONTROL:

Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:

Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s~-1]
INTERPOLATION DATA:

Data Pairs =
,14.81,0.015,10.74,0.03,9.981,0.045,14.29,0.06,1
.36,0.075,15.2,0.09,14.36,0.105,11.94,0.12,12.92,
.135,16.6,0.15,16.16,0.165,15.53,0.18,14.79,0.19
,12.21,0.21,14.2,0.225,16.64,0.24,15.24,0.255,13.
79,0.27,12.3,0.285,15.14,0.3,13.57,0.315,14.07,0.3
3,16.53,0.345,12.56,0.36,12.32,0.375,12.62,0.39,1
2.35,0.405,14.23,0.42,13.84,0.435,10.05,0.45,10.3
2,0.465,8.79,0.48,11.98,0.495,15.93,0.51,9.108,0.5
25,10.93,0.54,10.03,0.555,9.702,0.57,16.25,0.585,
12.87,0.6,1.171,0.615,8.67,0.63,10.93,0.645,11.09,
0.66,14.14,0.675,10.75,0.69,3.261,0.705,8.853,0.7
2,14.29,0.735,15.1,0.75,14.2,0.765,14.17,0.78,17.3
8,0.795,11.71,0.81,16.67,0.825,19.92,0.84,11.84,0.
855,16.02,0.87,18.99,0.885,15.29,0.9,20.49,0.915,
22.16,0.93,16.55,0.945,20.88,0.96,22.64,0.975,19.
51,0.99,22.58,1.005,17.87,1.02,19.42,1.035,18.52,
1.05,19.54,1.065,20.23,1.08,19.3,1.095,20.39,1.11,
21.02,1.125,18.31,1.14,20.43,1.155,20.89,1.17,21.
36,1.185,21.76,1.2,19.13,1.215,18.47,1.23,21.58,1.
245,21.24,1.26,17.43,1.275,20.02,1.29,19.97,1.305
,19.64,1.32,23,1.335,21.6,1.35,18.57,1.365,21.19,1
.38,22.81,1.395,21.19,1.41,22.84,1.425,21.74,1.44,
18.74,1.455,19.99,1.47,21.72,1.485,19.79,1.5,19.8
4,1.515,20.1,1.53,20.98,1.545,20.63,1.56,20.85,1.5
75,21.2,1.59,19.83,1.605,20.67,1.62,23.15,1.635,2
2.06,1.65,22.62,1.665,24.04,1.68,21.52,1.695,23.9
8,1.71,26.4,1.725,25.42,1.74,24.6,1.755,24.5,1.77,
24.59,1.785,25.06,1.8,25.48,1.815,26.95,1.83,27.7
6,1.845,27.43,1.86,26.99,1.875,27.32,1.89,27.12,1.
905,26.6,1.92,25.8,1.935,25.77,1.95,25.16,1.965,2
5.79,1.98,25.63,1.995,27.06,2.01,26.87,2.025,27.2
6,2.04,26.42,2.055,28.72,2.07,28.18,2.085,26.45,2.
1,27.88,2.115,25.47,2.13,25.66,2.145,28.89,2.16,2
7.24,2.175,27.02,2.19,28.17,2.205,26.15,2.22,28.4,
2.235,29.59,2.25,25.37,2.265,26.97,2.28,22.68,2.2
95,26.39,2.31,28.85,2.325,24.57,2.34,27.68,2.355,
25.78,2.37,22.27,2.385,29.2,2.4,27.16,2.415,24.77,
2.43,28.55,2.445,25.09,2.46,26.45,2.475,31.56,2.4
9,29.66,2.505,32.79,2.52,30.87,2.535,31.68,2.55,3
6.15,2.565,34.41,2.58,35.01,2.595,35.88,2.61,34.4
7,2.625,37.77,2.64,38.58,2.655,36.57,2.67,37.92,2.
685,37.41,2.7,38.4,2.715,40.98,2.73,39.72,2.745,3
9.57,2.76,39.87,2.775,37.98,2.79,39.78,2.805,38.5
5,2.82,37.92,2.835,38.85,2.85,37.26,2.865,38.55,2.
88,39.54,2.895,38.61,2.91,39.69,2.925,37.92,2.94,
37.47,2.955,39.51,2.97,38.52,2.985,36.96,3,38.13,

0
6
0
5
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3,37.59,3.045,38.64,3.06,35.7,3.07
2,3.105,36.18,3.12,36.24,3.135,3
.87,3.165,34.44,3.18,34.74,3.195,33.8
,3.225,29.83, 32.1,3.255,31.41,3.2
5,32.6 3 3.315,30.72,3.33,32.
3.3 3,3.375,32.67,3.39,30.03,3.
5,31.26,3.42,32.01,3.435,28.79,3.45,30.72,3.465
5,3.48,29,3.495,29.82,3.51,30.75,3.525,30.12,
,27.68,3.555,29.4,3.57,30.39,3.585,30.42

,3.615,29.03,3.63,29.07,3.645,31.02,3.66,31.5,
5,30.57,3.69,29.94,3.705,27.82,3.72,29.3,3.73
.88,3.75,30.96,3.765,31.17,3.78,33.36,3.795,3
,3.81,32.58,3.825,34.47,3.84,32.28,3.855,30.24,
.87,33.42,3.885,32.01,3.9,31.47,3.915,32.88,3.93,
31.02,3.945,31.32,3.96,33.57,3.975,31.59,3.99,33.
12,4.005,31.5,4.02,29.49,4.035,30.87,4.05,29.75,4.
065,29.49,4.08,31.05,4.095,28.95,4.11,29.19,4.125
,29.83,4.14,27.92,4.155,30.9,4.17,32.58,4.185,27.6
6,4.2,28,4.215,29.04,4.23,30.21,4.245,31.74,4.26,2
9.23,4.275,31.44,4.29,33.12,4.305,31.17,4.32,31.7
7,4.335,30.99,4.35,28.58,4.365,28.1,4.38,29.83,4.3
95,30.54,4.41,32.01,4.425,28.56,4.44,27.6,4.455,3
1.05,4.47,33.39,4.485,32.91,4.5,28.13,4.515,27.78,
4.53,27.48,4.545,29.47,4.56,30.3,4.575,26.9,4.59,2
5.37,4.605,27.3,4.62,28.59,4.635,31.08,4.65,31.32,
4.665,27.39,4.68,28.15,4.695,31.53,4.71,33.39,4.7
25,35.1,4.74,34.38,4.755,32.88,4.77,34.32,4.785,3
4.65,4.8,36.21,4.815,35.94,4.83,33.75,4.845,34.71,
4.86,35.79,4.875,37.17,4.89,39.66,4.905,39.27,4.9
2,37.89,4.935,39.15,4.95,38.94,4.965,39.24,4.98,4
0.65,4.995,38.49,5.01,36.57,5.025,36.48,5.04,38.4
9,5.055,39.36,5.07,38.46,5.085,37.77,5.1,36.03,5.1
15,35.85,5.13,37.95,5.145,37.29,5.16,35.49,5.175,
35.22,5.19,34.14,5.205,34.98,5.22,36.48,5.235,35.
1,5.25,33.24,5.265,32.82,5.28,35.07,5.295,35.94,5.
31,37.41,5.325,38.31,5.34,36.84,5.355,38.13,5.37,
41.58,5.385,41.28,5.4,41.61,5.415,41.97,5.43,40.0
5,5.445,40.32,5.46,42.3,5.475,42.03,5.49,42.42,5.5
05,41.55,5.52,41.55,5.535,42.93,5.55,42.99,5.565,
43.38,5.58,43.26,5.595,41.31,5.61,41.22,5.625,42.
69,5.64,41.94,5.655,42.42,5.67,41.85,5.685,40.26,
5.7,41.1,5.715,41.91,5.73,40.83,5.745,41.43,5.76,4
2.03,5.775,43.35,5.79,43.23,5.805,43.92,5.82,43.9
5,5.835,42.3,5.85,43.59,5.865,45.3,5.88,45.33,5.89
5,46.26,5.91,45.51,5.925,43.65,5.94,44.85,5.955,4
6.08,5.97,44.76,5.985,44.88,6,42.18,6.015,41.88,6.
03,41.94,6.045,42.06,6.06,42.36,6.075,40.65,6.09,
40.74,6.105,42.18,6.12,41.13,6.135,41.61,6.15,40.
95,6.165,39.45,6.18,40.98,6.195,42.18,6.21,41.16,
6.225,41.49,6.24,40.41,6.255,39.96,6.27,42.24,6.2
85,40.35,6.3,41.16,6.315,40.38,6.33,38.13,6.345,4
1.1,6.36,41.67,6.375,39.84,6.39,40.95,6.405,40.23,
6.42,38.37,6.435,41.01,6.45,39.72,6.465,38.46,6.4
8,41.16,6.495,41.04,6.51,40.86,6.525,41.19,6.54,4
0.89,6.555,40.77,6.57,40.95,6.585,40.17,6.6,38.91,
6.615,38.73,6.63,39.66,6.645,39.54,6.66,38.7,6.67
5,37.98,6.69,38.64,6.705,39.93,6.72,41.1,6.735,40.
11,6.75,38.52,6.765,40.53,6.78,40.65,6.795,41.91,
6.81,43.56,6.825,42.93,6.84,42.96,6.855,44.58,6.8
7,44.64,6.885,44.28,6.9,43.89,6.915,41.79,6.93,42.
27,6.945,43.32,6.96,42.75,6.975,42.21,6.99,41.28,
7.005,41.85,7.02,42.27,7.035,41.91,7.05,41.22,7.0
65,39.03,7.08,38.37,7.095,39.51,7.11,39.81,7.125,
38.43,7.14,37.62,7.155,37.86,7.17,38.28,7.185,37.
89,7.2,36.39,7.215,35.28,7.23,36.06,7.245,37.14,7.
26,38.94,7.275,37.17,7.29,37.68,7.305,38.55,7.32,

,3.0
,37.
7
28

5,
9.8

8, 3.3,

45,30.51, 30.
3

3.24,
1, 1.02,
6, 3.37
0

,3.6,3

36.54,7.335,36.99,7.35,37.02,7.365,34.68,7.38,35.
43,7.395,36.33,7.41,34.2,7.425,34.98,7.44,35.82,7.
455,35.34,7.47,38.04,7.485,38.4,7.5,37.56,7.515,3
7.08,7.53,37.62,7.545,39.36,7.56,40.11,7.575,39.4
2,7.59,39.81,7.605,41.13,7.62,42.57,7.635,43.2,7.6
5,42.87,7.665,42.45,7.68,43.02,7.695,44.43,7.71,4
4.1,7.725,43.56,7.74,43.47,7.755,44.13,7.77,44.34,
7.785,42.72,7.8,43.29,7.815,41.25,7.83,39.09,7.84
5,40.98,7.86,39.36,7.875,37.11,7.89,39.24,7.905,3
8.4,7.92,37.56,7.935,40.02,7.95,38.16,7.965,37.14,
7.98,39.24,7.995,37.02,8.01,36.6,8.025,35.91,8.04,
34.92,8.055,35.58,8.07,35.85,8.085,35.64,8.1,35.1
3,8.115,34.92,8.13,35.79,8.145,36.72,8.16,36.15,8.
175,35.79,8.19,36.09,8.205,36.69,8.22,37.95,8.235
,37.47,8.25,33.9,8.265,35.19,8.28,32.64,8.295,33.5
7,8.31,35.4,8.325,31.86,8.34,32.82,8.355,34.92,8.3
7,32.31,8.385,33.69,8.4,33.51,8.415,29.57,8.43,31.
23,8.445,31.29,8.46,27.29,8.475,28.83,8.49,27.72,
8.505,28.32,8.52,29.11,8.535,27.81,8.55,27.47,8.5
65,26.25,8.58,25.2,8.595,26.33,8.61,26.76,8.625,2
6.04,8.64,24.46,8.655,21.21,8.67,22.64,8.685,25.6
3,8.7,24.57,8.715,22.42,8.73,19.33,8.745,18.65,8.7
6,22.6,8.775,20.2,8.79,16.46,8.805,17.7,8.82,21.1,
8.835,22.6,8.85,23.42,8.865,22.04,8.88,20.69,8.89
5,21.34,8.91,22.18,8.925,22.97,8.94,24.12,8.955,2
2.93,8.97,22.21,8.985,25.22,9,29.43,9.015,28.94,9.
03,29.56,9.045,29.02,9.06,27.78,9.075,28.28,9.09,
29.71,9.105,29.2,9.12,28.94,9.135,27.4,9.15,26.23,
9.165,28.16,9.18,29.75,9.195,27.46,9.21,24.62,9.2
25,22.41,9.24,22.56,9.255,22.63,9.27,23.35,9.285,
24.02,9.3,18.01,9.315,16.2,9.33,19.98,9.345,17.05,
9.36,17.84,9.375,18.71,9.39,11.06,9.405,11.78,9.4
2,17.98,9.435,15.02,9.45,16.61,9.465,16.87,9.48,1
1.89,9.495,16.59,9.51,18.88,9.525,20.95,9.54,19.7
2,9.555,14.83,9.57,14.21,9.585,12.71,9.6,15.5,9.61
5,16.82,9.63,14.74,9.645,9.147,9.66,7.446,9.675,9.
066,9.69,14.28,9.705,14.97,9.72,12.13,9.735,5.328
,9.75,4.977,9.765,10.38,9.78,16.9,9.795,11.39,9.81
,9.885,9.825,9.417,9.84,9.822,9.855,17.81,9.87,21.
75,9.885,18.19,9.9,12.32,9.915,16.22,9.93,21.38,9.
945,24.77,9.96,23.72,9.975,17.22,9.99,11.06

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m~-1 s/~

1]
Option = Value
END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

BUPT



Anexa 147

END
END
END
END
COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionatd cu axa la 45° fata de directia de
curgere, viteza 0-60 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0 [ms~-1]
W =0 [ms~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface

Boundary Type = WALL

Location = F25.18,F26.18,F27.18

BOUNDARY CONDITIONS:

MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement

Send to ANSYS = Total Force

END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
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DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0[ms"-1]
W =0 [ms~-1]
END
EPSILON:
Option = Automatic with Value
END
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File =
E:/teza/ansys/antena_rotita_45_rotation_macro/v_0
_60/antenal0_45.inp
Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 10 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.01 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:

SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:
Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops
END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = 1le-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s”-1]
INTERPOLATION DATA:
Data Pairs =

0,0,0.01,0.06,0.02,0.12,0.03,0.18,0.04,0.24,0.05,0.
3,0.06,0.36,0.07,0.42,0.08,0.48,0.09,0.54,0.1,0.6,0
1,0.66,0.12,0.72,0.13,0.78,0.14,0.84,0.15,0.9,0.1
6,0.96,0.17,1.02,0.18,1.08,0.19,1.14,0.2,1.2,0.21,1
.26,0.22,1.32,0.23,1.38,0.24,1.44,0.25,1.5,0.26,1.5
6,0.27,1.62,0.28,1.68,0.29,1.74,0.3,1.8,0.31,1.86,0
:32,1.92,0.33,1.98,0.34,2.04,0.35,2.1,0.36,2.16,0.3
7,2.22,0.38,2.28,0.39,2.34,0.4,2.4,0.41,2.46,0.42,2
152,0.43,2.58,0.44,2.64,0.45,2.7,0.46,2.76,0.47,2.8
2,0.48,2.88,0.49,2.94,0.5,3,0.51,3.06,0.52,3.12,0.5
3,3.18,0.54,3.24,0.55,3.3,0.56,3.36,0.57,3.42,0.58,
3.48,0.59,3.54,0.6,3.6,0.61,3.66,0.62,3.72,0.63,3.7
8,0.64,3.84,0.65,3.9,0.66,3.96,0.67,4.02,0.68,4.08,
0.69,4.14,0.7,4.2,0.71,4.26,0.72,4.32,0.73,4.38,0.7
4,4.44,0.75,4.5,0.76,4.56,0.77,4.62,0.78,4.68,0.79,
4.74,0.8,4.8,0.81,4.86,0.82,4.92,0.83,4.98,0.84,5.0
4,0.85,5.1,0.86,5.16,0.87,5.22,0.88,5.28,0.89,5.34,
0.9,5.4,0.91,5.46,0.92,5.52,0.93,5.58,0.94,5.64,0.9
5,5.7,0.96,5.76,0.97,5.82,0.98,5.88,0.99,5.94,1,6,1
.01,6.06,1.02,6.12,1.03,6.18,1.04,6.24,1.05,6.3,1.0
6,6.36,1.07,6.42,1.08,6.48,1.09,6.54,1.1,6.6,1.11,6
.66,1.12,6.72,1.13,6.78,1.14,6.84,1.15,6.9,1.16,6.9
6,1.17,7.02,1.18,7.08,1.19,7.14,1.2,7.2,1.21,7.26,1
.22,7.32,1.23,7.38,1.24,7.44,1.25,7.5,1.26,7.56,1.2

’
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10.98,1.84,11.04,1.85,11.1,
.88,11.28,1.89,11.34,1.9,11
2,1.93,11.58,1.94,11.64,1.9 ,
11.82,1.98,11.88,1.99,11.94,2,12,2.01,12.
2.12,2.03,12.18,2.04,12.24,2.05,12.3,2.06,12.36,2.
07,12.42,2.08,12.48,2.09,12.54,2.1,1
,2.12,12.72,2.13,12.78,2.14,12.84,2.15,12.9,2.16,1
2.96,2.17,13.02,2.18,13.08,2.19,13.14,2.2,13.2,2.2
1,13.26,2.22,13.32,2.23,13.38,2.24,13.44,2.25,13.5
,2.26,13.56,2.27,13.62,2.28,13.68,2.29,13.74,2.3,1
3.8,2.31,13.86,2.32,13.92,2.33,13.98,2.34,14.04,2.
35,14.1,2.36,14.16,2.37,14.22,2.38,14.28,2.39,14.3
4,2.4,14.4,2.41,14.46,2.42,14.52,2.43,14.58,2.44,1
4.64,2.45,14.7,2.46,14.76,2.47,14.82,2.48,14.88,2.
49,14.94,2.5,15,2.51,15.06,2.52,15.12,2.53,15.18,2
.54,15.24,2.55,15.3,2.56,15.36,2.57,15.42,2.58,15.
48,2.59,15.54,2.6,15.6,2.61,15.66,2.62,15.72,2.63,
15.78,2.64,15.84,2.65,15.9,2.66,15.96,2.67,16.02,2
.68,16.08,2.69,16.14,2.7,16.2,2.71,16.26,2.72,16.3
2,2.73,16.38,2.74,16.44,2.75,16.5,2.76,16.56,2.77,
16.62,2.78,16.68,2.79,16.74,2.8,16.8,2.81,16.86,2.
82,16.92,2.83,16.98,2.84,17.04,2.85,17.1,2.86,17.1
6,2.87,17.22,2.88,17.28,2.89,17.34,2.9,17.4,2.91,1
7.46,2.92,17.52,2.93,17.58,2.94,17.64,2.95,17.7,2.
96,17.76,2.97,17.82,2.98,17.88,2.99,17.94,3,18,3.0
1,18.06,3.02,18.12,3.03,18.18,3.04,18.24,3.05,18.3
,3.06,18.36,3.07,18.42,3.08,18.48,3.09,18.54,3.1,1
8.6,3.11,18.66,3.12,18.72,3.13,18.78,3.14,18.84,3.
15,18.9,3.16,18.96,3.17,19.02,3.18,19.08,3.19,19.1
4,3.2,19.2,3.21,19.26,3.22,19.32,3.23,19.38,3.24,1
9.44,3.25,19.5,3.26,19.56,3.27,19.62,3.28,19.68,3.
29,19.74,3.3,19.8,3.31,19.86,3.32,19.92,3.33,19.98
,3.34,20.04,3.35,20.1,3.36,20.16,3.37,20.22,3.38,2
0.28,3.39,20.34,3.4,20.4,3.41,20.46,3.42,20.52,3.4
3,20.58,3.44,20.64,3.45,20.7,3.46,20.76,3.47,20.82
,3.48,20.88,3.49,20.94,3.5,21,3.51,21.06,3.52,21.1
2,3.53,21.18,3.54,21.24,3.55,21.3,3.56,21.36,3.57,
21.42,3.58,21.48,3.59,21.54,3.6,21.6,3.61,21.66,3.
62,21.72,3.63,21.78,3.64,21.84,3.65,21.9,3.66,21.9
6,3.67,22.02,3.68,22.08,3.69,22.14,3.7,22.2,3.71,2
2.26,3.72,22.32,3.73,22.38,3.74,22.44,3.75,22.5,3.
76,22.56,3.77,22.62,3.78,22.68,3.79,22.74,3.8,22.8
,3.81,22.86,3.82,22.92,3.83,22.98,3.84,23.04,3.85,
23.1,3.86,23.16,3.87,23.22,3.88,23.28,3.89,23.34,3
.9,23.4,3.91,23.46,3.92,23.52,3.93,23.58,3.94,23.6
4,3.95,23.7,3.96,23.76,3.97,23.82,3.98,23.88,3.99,
23.94,4,24,4.01,24.06,4.02,24.12,4.03,24.18,4.04,2
4.24,4.05,24.3,4.06,24.36,4.07,24.42,4.08,24.48 4.
09,24.54,4.1,24.6,4.11,24.66,4.12,24.72,4.13,24.78
,4.14,24.84,4.15,24.9,4.16,24.96,4.17,25.02,4.18,2
5.08,4.19,25.14,4.2,25.2,4.21,25.26,4.22,25.32,4.2
3,25.38,4.24,25.44,4.25,25.5,4.26,25.56,4.27,25.62
,4.28,25.68,4.29,25.74,4.3,25.8,4.31,25.86,4.32,25.
92,4.33,25.98,4.34,26.04,4.35,26.1,4.36,26.16,4.37
,26.22,4.38,26.28,4.39,26.34,4.4,26.4,4.41,26.46,4.

42,26.52,4.43,26.58,4.44,26.64,4.45,26.7,4.46,26.7
6,4.47,26.82,4.48,26.88,4.49,26.94,4.5,27,4.51,27.
06,4.52,27.12,4.53,27.18,4.54,27.24,4.55,27.3,4.56
,27.36,4.57,27.42,4.58,27.48,4.59,27.54,4.6,27.6,4.
61,27.66,4.62,27.72,4.63,27.78,4.64,27.84,4.65,27.
9,4.66,27.96,4.67,28.02,4.68,28.08,4.69,28.14,4.7,
28.2,4.71,28.26,4.72,28.32,4.73,28.38,4.74,28.44,4
.75,28.5,4.76,28.56,4.77,28.62,4.78,28.68,4.79,28.
74,4.8,28.8,4.81,28.86,4.82,28.92,4.83,28.98,4.84,
29.04,4.85,29.1,4.86,29.16,4.87,29.22,4.88,29.28,4
.89,29.34,4.9,29.4,4.91,29.46,4.92,29.52,4.93,29.5
8,4.94,29.64,4.95,29.7,4.96,29.76,4.97,29.82,4.98,
29.88,4.99,29.94,5,30,5.01,30.06,5.02,30.12,5.03,3
0.18,5.04,30.24,5.05,30.3,5.06,30.36,5.07,30.42,5.
08,30.48,5.09,30.54,5.1,30.6,5.11,30.66,5.12,30.72
,5.13,30.78,5.14,30.84,5.15,30.9,5.16,30.96,5.17,3
1.02,5.18,31.08,5.19,31.14,5.2,31.2,5.21,31.26,5.2
2,31.32,5.23,31.38,5.24,31.44,5.25,31.5,5.26,31.56
,5.27,31.62,5.28,31.68,5.29,31.74,5.3,31.8,5.31,31.
86,5.32,31.92,5.33,31.98,5.34,32.04,5.35,32.1,5.36
,32.16,5.37,32.22,5.38,32.28,5.39,32.34,5.4,32.4, 5.
41,32.46,5.42,32.52,5.43,32.58,5.44,32.64,5.45,32.
7,5.46,32.76,5.47,32.82,5.48,32.88,5.49,32.94,5.5,
33,5.51,33.06,5.52,33.12,5.53,33.18,5.54,33.24,5.5
5,33.3,5.56,33.36,5.57,33.42,5.58,33.48,5.59,33.54
,5.6,33.6,5.61,33.66,5.62,33.72,5.63,33.78,5.64,33.
84,5.65,33.9,5.66,33.96,5.67,34.02,5.68,34.08,5.69
,34.14,5.7,34.2,5.71,34.26,5.72,34.32,5.73,34.38,5.
74,34.44,5.75,34.5,5.76,34.56,5.77,34.62,5.78,34.6
8,5.79,34.74,5.8,34.8,5.81,34.86,5.82,34.92,5.83,3
4.98,5.84,35.04,5.85,35.1,5.86,35.16,5.87,35.22,5.
88,35.28,5.89,35.34,5.9,35.4,5.91,35.46,5.92,35.52
,5.93,35.58,5.94,35.64,5.95,35.7,5.96,35.76,5.97,3
5.82,5.98,35.88,5.99,35.94,6,36,6.01,36.06,6.02,36
.12,6.03,36.18,6.04,36.24,6.05,36.3,6.06,36.36,6.0
7,36.42,6.08,36.48,6.09,36.54,6.1,36.6,6.11,36.66,
6.12,36.72,6.13,36.78,6.14,36.84,6.15,36.9,6.16,36
.96,6.17,37.02,6.18,37.08,6.19,37.14,6.2,37.2,6.21,
37.26,6.22,37.32,6.23,37.38,6.24,37.44,6.25,37.5,6
.26,37.56,6.27,37.62,6.28,37.68,6.29,37.74,6.3,37.
8,6.31,37.86,6.32,37.92,6.33,37.98,6.34,38.04,6.35
,38.1,6.36,38.16,6.37,38.22,6.38,38.28,6.39,38.34,
6.4,38.4,6.41,38.46,6.42,38.52,6.43,38.58,6.44,38.
64,6.45,38.7,6.46,38.76,6.47,38.82,6.48,38.88,6.49
,38.94,6.5,39,6.51,39.06,6.52,39.12,6.53,39.18,6.5
4,39.24,6.55,39.3,6.56,39.36,6.57,39.42,6.58,39.48
,6.59,39.54,6.6,39.6,6.61,39.66,6.62,39.72,6.63,39.
78,6.64,39.84,6.65,39.9,6.66,39.96,6.67,40.02,6.68
,40.08,6.69,40.14,6.7,40.2,6.71,40.26,6.72,40.32,6.
73,40.38,6.74,40.44,6.75,40.5,6.76,40.56,6.77,40.6
2,6.78,40.68,6.79,40.74,6.8,40.8,6.81,40.86,6.82,4
0.92,6.83,40.98,6.84,41.04,6.85,41.1,6.86,41.16,6.
87,41.22,6.88,41.28,6.89,41.34,6.9,41.4,6.91,41.46
,6.92,41.52,6.93,41.58,6.94,41.64,6.95,41.7,6.96,4
1.76,6.97,41.82,6.98,41.88,6.99,41.94,7,42,7.01,42
.06,7.02,42.12,7.03,42.18,7.04,42.24,7.05,42.3,7.0
6,42.36,7.07,42.42,7.08,42.48,7.09,42.54,7.1,42.6,
7.11,42.66,7.12,42.72,7.13,42.78,7.14,42.84,7.15,4
2.9,7.16,42.96,7.17,43.02,7.18,43.08,7.19,43.14,7.
2,43.2,7.21,43.26,7.22,43.32,7.23,43.38,7.24,43.44
,7.25,43.5,7.26,43.56,7.27,43.62,7.28,43.68,7.29,4
3.74,7.3,43.8,7.31,43.86,7.32,43.92,7.33,43.98,7.3
4,44.04,7.35,44.1,7.36,44.16,7.37,44.22,7.38,44.28
,7.39,44.34,7.4,44.4,7.41,44.46,7.42,44.52,7.43,44.
58,7.44,44.64,7.45,44.7,7.46,44.76,7.47,44.82,7.48
,44.88,7.49,44.94,7.5,45,7.51,45.06,7.52,45.12,7.5
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3,45.18,7.54,45.24,7.55,45.3,7.56,45.36,7.57,45.42
,7.58,45.48,7.59,45.54,7.6,45.6,7.61,45.66,7.62,45.
72,7.63,45.78,7.64,45.84,7.65,45.9,7.66,45.96,7.67
,46.02,7.68,46.08,7.69,46.14,7.7,46.2,7.71,46.26,7.
72,46.32,7.73,46.38,7.74,46.44,7.75,46.5,7.76,46.5
6,7.77,46.62,7.78,46.68,7.79,46.74,7.8,46.8,7.81,4
6.86,7.82,46.92,7.83,46.98,7.84,47.04,7.85,47.1,7.
86,47.16,7.87,47.22,7.88,47.28,7.89,47.34,7.9,47 .4
,7.91,47.46,7.92,47.52,7.93,47.58,7.94,47.64,7.95,
47.7,7.96,47.76,7.97,47.82,7.98,47.88,7.99,47.94,8
,48,8.01,48.06,8.02,48.12,8.03,48.18,8.04,48.24,8.
05,48.3,8.06,48.36,8.07,48.42,8.08,48.48,8.09,48.5
4,8.1,48.6,8.11,48.66,8.12,48.72,8.13,48.78,8.14,4
8.84,8.15,48.9,8.16,48.96,8.17,49.02,8.18,49.08,8.
19,49.14,8.2,49.2,8.21,49.26,8.22,49.32,8.23,49.38
,8.24,49.44,8.25,49.5,8.26,49.56,8.27,49.62,8.28,4
9.68,8.29,49.74,8.3,49.8,8.31,49.86,8.32,49.92,8.3
3,49.98,8.34,50.04,8.35,50.1,8.36,50.16,8.37,50.22
,8.38,50.28,8.39,50.34,8.4,50.4,8.41,50.46,8.42,50.
52,8.43,50.58,8.44,50.64,8.45,50.7,8.46,50.76,8.47
,50.82,8.48,50.88,8.49,50.94,8.5,51,8.51,51.06,8.5
2,51.12,8.53,51.18,8.54,51.24,8.55,51.3,8.56,51.36
,8.57,51.42,8.58,51.48,8.59,51.54,8.6,51.6,8.61,51.
66,8.62,51.72,8.63,51.78,8.64,51.84,8.65,51.9,8.66
,51.96,8.67,52.02,8.68,52.08,8.69,52.14,8.7,52.2,8.
71,52.26,8.72,52.32,8.73,52.38,8.74,52.44,8.75,52.
5,8.76,52.56,8.77,52.62,8.78,52.68,8.79,52.74,8.8,
52.8,8.81,52.86,8.82,52.92,8.83,52.98,8.84,53.04,8
.85,53.1,8.86,53.16,8.87,53.22,8.88,53.28,8.89,53.
34,8.9,53.4,8.91,53.46,8.92,53.52,8.93,53.58,8.94,
53.64,8.95,53.7,8.96,53.76,8.97,53.82,8.98,53.88,8
.99,53.94,9,54,9.01,54.06,9.02,54.12,9.03,54.18,9.
04,54.24,9.05,54.3,9.06,54.36,9.07,54.42,9.08,54.4
8,9.09,54.54,9.1,54.6,9.11,54.66,9.12,54.72,9.13,5
4.78,9.14,54.84,9.15,54.9,9.16,54.96,9.17,55.02,9.
18,55.08,9.19,55.14,9.2,55.2,9.21,55.26,9.22,55.32
,9.23,55.38,9.24,55.44,9.25,55.5,9.26,55.56,9.27,5
5.62,9.28,55.68,9.29,55.74,9.3,55.8,9.31,55.86,9.3
2,55.92,9.33,55.98,9.34,56.04,9.35,56.1,9.36,56.16
,9.37,56.22,9.38,56.28,9.39,56.34,9.4,56.4,9.41,56.
46,9.42,56.52,9.43,56.58,9.44,56.64,9.45,56.7,9.46
,56.76,9.47,56.82,9.48,56.88,9.49,56.94,9.5,57,9.5
1,57.06,9.52,57.12,9.53,57.18,9.54,57.24,9.55,57.3
,9.56,57.36,9.57,57.42,9.58,57.48,9.59,57.54,9.6,5
7.6,9.61,57.66,9.62,57.72,9.63,57.78,9.64,57.84,9.
65,57.9,9.66,57.96,9.67,58.02,9.68,58.08,9.69,58.1
4,9.7,58.2,9.71,58.26,9.72,58.32,9.73,58.38,9.74,5
8.44,9.75,58.5,9.76,58.56,9.77,58.62,9.78,58.68,9.
79,58.74,9.8,58.8,9.81,58.86,9.82,58.92,9.83,58.98
,9.84,59.04,9.85,59.1,9.86,59.16,9.87,59.22,9.88,5
9.28,9.89,59.34,9.9,59.4,9.91,59.46,9.92,59.52,9.9
3,59.58,9.94,59.64,9.95,59.7,9.96,59.76,9.97,59.82
,9.98,59.88,9.99,59.94,10,60

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:

Dynamic Viscosity = 1.831E-05 [kg m”~-1 s/~

1]

Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END
COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa la 90° fata de directia de
curgere, viteza rafala 30 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0 [ms"-1]
W =0 [ms~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity

Ratio

END

END
END
END

END
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FLOW:
DOMAIN:Default Domain
BOUNDARY:interface
Boundary Type = WALL
Location = F25.18,F26.18,F27.18
BOUNDARY CONDITIONS:
MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement
Send to ANSYS = Total Force
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END

END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0[ms"-1]
W =0 [ms~-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File =

E:/teza/ansys/antena_rotita_90g/v30/antenal0_90.i

np
Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 9.99 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.015 [s]
END
END
END

BUPT



152 Anexa

INITIAL TIME:
Option = Coupling Initial Time
END

TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:
Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops
END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = 1e-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s~-1]
INTERPOLATION DATA:
Data Pairs =

0,0,0.01,0.06,0.02,0.12,0.03,0.18,0.04,0.24,0.05,0.
3,0.06,0.36,0.07,0.42,0.08,0.48,0.09,0.54,0.1,0.6,0
.11,0.66,0.12,0.72,0.13,0.78,0.14,0.84,0.15,0.9,0.1
6,0.96,0.17,1.02,0.18,1.08,0.19,1.14,0.2,1.2,0.21,1
.26,0.22,1.32,0.23,1.38,0.24,1.44,0.25,1.5,0.26,1.5
6,0.27,1.62,0.28,1.68,0.29,1.74,0.3,1.8,0.31,1.86,0
.32,1.92,0.33,1.98,0.34,2.04,0.35,2.1,0.36,2.16,0.3
7,2.22,0.38,2.28,0.39,2.34,0.4,2.4,0.41,2.46,0.42,2
.52,0.43,2.58,0.44,2.64,0.45,2.7,0.46,2.76,0.47,2.8
2,0.48,2.88,0.49,2.94,0.5,3,0.51,3.06,0.52,3.12,0.5
3,3.18,0.54,3.24,0.55,3.3,0.56,3.36,0.57,3.42,0.58,
3.48,0.59,3.54,0.6,3.6,0.61,3.66,0.62,3.72,0.63,3.

8,0.64,3.84,0.65,3.9,0.66,3.96,0.67,4.02,0.68,4.08,
0.69,4.14,0.7,4.2,0.71,4.26,0.72,4.32,0.73,4.38,0.7
4,4.44,0.75,4.5,0.76,4.56,0.77,4.62,0.78,4.68,0.79,
4.74,0.8,4.8,0.81,4.86,0.82,4.92,0.83,4.98,0.84,5.0
4,0.85,5.1,0.86,5.16,0.87,5.22,0.88,5.28,0.89,5.34,
0.9,5.4,0.91,5.46,0.92,5.52,0.93,5.58,0.94,5.64,0.9
5,5.7,0.96,5.76,0.97,5.82,0.98,5.88,0.99,5.94,1,6,1
.01,6.06,1.02,6.12,1.03,6.18,1.04,6.24,1.05,6.3,1.0
6,6.36,1.07,6.42,1.08,6.48,1.09,6.54,1.1,6.6,1.11,6
.66,1.12,6.72,1.13,6.78,1.14,6.84,1.15,6.9,1.16,6.9
6,1.17,7.02,1.18,7.08,1.19,7.14,1.2,7.2,1.21,7.26,1
.22,7.32,1.23,7.38,1.24,7.44,1.25,7.5,1.26,7.56,1.2
7,7.62,1.28,7.68,1.29,7.74,1.3,7.8,1.31,7.86,1.32,7
.92,1.33,7.98,1.34,8.04,1.35,8.1,1.36,8.16,1.37,8.2
2,1.38,8.28,1.39,8.34,1.4,8.4,1.41,8.46,1.42,8.52,1
.43,8.58,1.44,8.64,1.45,8.7,1.46,8.76,1.47,8.82,1.4
8,8.88,1.49,8.94,1.5,9,1.51,9.06,1.52,9.12,1.53,9.1
8,1.54,9.24,1.55,9.3,1.56,9.36,1.57,9.42,1.58,9.48,
1.59,9.54,1.6,9.6,1.61,9.66,1.62,9.72,1.63,9.78,1.6
4,9.84,1.65,9.9,1.66,9.96,1.67,10.02,1.68,10.08,1.6
9,10.14,1.7,10.2,1.71,10.26,1.72,10.32,1.73,10.38,
1.74,10.44,1.75,10.5,1.76,10.56,1.77,10.62,1.78,10
68,1.79,10.74,1.8,10.8,1.81,10.86,1.82,10.92,1.83,
10.98,1.84,11.04,1.85,11.1,1.86,11.16,1.87,11.22,1
.88,11.28,1.89,11.34,1.9,11.4,1.91,11.46,1.92,11.5
2,1.93,11.58,1.94,11.64,1.95,11.7,1.96,11.76,1.97,
11.82,1.98,11.88,1.99,11.94,2,12,2.01,12.06,2.02,1
2.12,2.03,12.18,2.04,12.24,2.05,12.3,2.06,12.36,2.
07,12.42,2.08,12.48,2.09,12.54,2.1,12.6,2.11,12.66
,2.12,12.72,2.13,12.78,2.14,12.84,2.15,12.9,2.16,1
2.96,2.17,13.02,2.18,13.08,2.19,13.14,2.2,13.2,2.2
1,13.26,2.22,13.32,2.23,13.38,2.24,13.44,2.25,13.5
,2.26,13.56,2.27,13.62,2.28,13.68,2.29,13.74,2.3,1
3.8,2.31,13.86,2.32,13.92,2.33,13.98,2.34,14.04,2.
35,14.1,2.36,14.16,2.37,14.22,2.38,14.28,2.39,14.3
4,2.4,14.4,2.41,14.46,2.42,14.52,2.43,14.58,2.44,1

4.64,2.45,14.7,2.46,14.76,2.47,14.82,2.48,14.88,2.
49,14.94,2.5,15,2.51,15.06,2.52,15.12,2.53,15.18,2
.54,15.24,2.55,15.3,2.56,15.36,2.57,15.42,2.58,15.
48,2.59,15.54,2.6,15.6,2.61,15.66,2.62,15.72,2.63,
15.78,2.64,15.84,2.65,15.9,2.66,15.96,2.67,16.02,2
.68,16.08,2.69,16.14,2.7,16.2,2.71,16.26,2.72,16.3
2,2.73,16.38,2.74,16.44,2.75,16.5,2.76,16.56,2.77,
16.62,2.78,16.68,2.79,16.74,2.8,16.8,2.81,16.86,2.
82,16.92,2.83,16.98,2.84,17.04,2.85,17.1,2.86,17.1
6,2.87,17.22,2.88,17.28,2.89,17.34,2.9,17.4,2.91,1
7.46,2.92,17.52,2.93,17.58,2.94,17.64,2.95,17.7,2.
96,17.76,2.97,17.82,2.98,17.88,2.99,17.94,3,18,3.0
1,18.06,3.02,18.12,3.03,18.18,3.04,18.24,3.05,18.3
,3.06,18.36,3.07,18.42,3.08,18.48,3.09,18.54,3.1,1
8.6,3.11,18.66,3.12,18.72,3.13,18.78,3.14,18.84,3.
15,18.9,3.16,18.96,3.17,19.02,3.18,19.08,3.19,19.1
4,3.2,19.2,3.21,19.26,3.22,19.32,3.23,19.38,3.24,1
9.44,3.25,19.5,3.26,19.56,3.27,19.62,3.28,19.68,3.
29,19.74,3.3,19.8,3.31,19.86,3.32,19.92,3.33,19.98
,3.34,20.04,3.35,20.1,3.36,20.16,3.37,20.22,3.38,2
0.28,3.39,20.34,3.4,20.4,3.41,20.46,3.42,20.52,3.4
3,20.58,3.44,20.64,3.45,20.7,3.46,20.76,3.47,20.82
.48,20.88,3.49,20.94,3.5,21,3.51,21.06,3.52,21.1
3.53,21.18,3.54,21.24,3.55,21.3,3.56,21.36,3.57,

21 21.54,3.6,21.6,3.61,21.66,3.

63 64,21.84,3.65,21.9,3.66,21.9
,3.67,22.02,3.68,22.08,3.69,22.14,3.7,22.2,3.71,2
.26,3.72,22.32,3.73,22.38,3.74,22.44,3.75,22.5,3.
6,22.56,3.77,22.62,3.78,22.68,3.79,22.74,3.8,22.8
,3.81,22.86,3.82,22.92,3.83,22.98,3.84,23.04,3.85,

2
1
3
6
0
4

, 20
2,3.53,21.18,3.54,21

21.42,3.58,21.48,3.59,
62,21.72,3.63,21.78,3.
6 0 0
2 2 2
7
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23.1,3.86,23.16,3.87,23.22,3.88,23.28,3.89,23.34,3
.9,23.4,3.91,23.46,3.92,23.52,3.93,23.58,3.94,23.6
4,3.95,23.7,3.96,23.76,3.97,23.82,3.98,23.88,3.99,
23.94,4,24,4.01,24.06,4.02,24.12,4.03,24.18,4.04,2
4.24,4.05,24.3,4.06,24.36,4.07,24.42,4.08,24.48 4.
09,24.54,4.1,24.6,4.11,24.66,4.12,24.72,4.13,24.78
,4.14,24.84,4.15,24.9,4.16,24.96,4.17,25.02,4.18,2
5.08,4.19,25.14,4.2,25.2,4.21,25.26,4.22,25.32,4.2
3,25.38,4.24,25.44,4.25,25.5,4.26,25.56,4.27,25.62
,4.28,25.68,4.29,25.74,4.3,25.8,4.31,25.86,4.32,25.
92,4.33,25.98,4.34,26.04,4.35,26.1,4.36,26.16,4.37
,26.22,4.38,26.28,4.39,26.34,4.4,26.4,4.41,26.46,4.
42,26.52,4.43,26.58,4.44,26.64,4.45,26.7,4.46,26.7
6,4.47,26.82,4.48,26.88,4.49,26.94,4.5,27,4.51,27.
06,4.52,27.12,4.53,27.18,4.54,27.24,4.55,27.3,4.56
,27.36,4.57,27.42,4.58,27.48,4.59,27.54,4.6,27.6,4.
61,27.66,4.62,27.72,4.63,27.78,4.64,27.84,4.65,27.
9,4.66,27.96,4.67,28.02,4.68,28.08,4.69,28.14,4.7,
28.2,4.71,28.26,4.72,28.32,4.73,28.38,4.74,28.44,4
.75,28.5,4.76,28.56,4.77,28.62,4.78,28.68,4.79,28.
74,4.8,28.8,4.81,28.86,4.82,28.92,4.83,28.98,4.84,
29.04,4.85,29.1,4.86,29.16,4.87,29.22,4.88,29.28,4
.89,29.34,4.9,29.4,4.91,29.46,4.92,29.52,4.93,29.5
8,4.94,29.64,4.95,29.7,4.96,29.76,4.97,29.82,4.98,
29.88,4.99,29.94,5,30,5.01,30.06,5.02,30.12,5.03,3
0.18,5.04,30.24,5.05,30.3,5.06,30.36,5.07,30.42,5.
08,30.48,5.09,30.54,5.1,30.6,5.11,30.66,5.12,30.72
,5.13,30.78,5.14,30.84,5.15,30.9,5.16,30.96,5.17,3
1.02,5.18,31.08,5.19,31.14,5.2,31.2,5.21,31.26,5.2
2,31.32,5.23,31.38,5.24,31.44,5.25,31.5,5.26,31.56
,5.27,31.62,5.28,31.68,5.29,31.74,5.3,31.8,5.31,31.
86,5.32,31.92,5.33,31.98,5.34,32.04,5.35,32.1,5.36
,32.16,5.37,32.22,5.38,32.28,5.39,32.34,5.4,32.4,5.
41,32.46,5.42,32.52,5.43,32.58,5.44,32.64,5.45,32.
7,5.46,32.76,5.47,32.82,5.48,32.88,5.49,32.94,5.5,
33,5.51,33.06,5.52,33.12,5.53,33.18,5.54,33.24,5.5
5,33.3,5.56,33.36,5.57,33.42,5.58,33.48,5.59,33.54
,5.6,33.6,5.61,33.66,5.62,33.72,5.63,33.78,5.64,33.
84,5.65,33.9,5.66,33.96,5.67,34.02,5.68,34.08,5.69
,34.14,5.7,34.2,5.71,34.26,5.72,34.32,5.73,34.38,5.
74,34.44,5.75,34.5,5.76,34.56,5.77,34.62,5.78,34.6
8,5.79,34.74,5.8,34.8,5.81,34.86,5.82,34.92,5.83,3
4.98,5.84,35.04,5.85,35.1,5.86,35.16,5.87,35.22,5.
88,35.28,5.89,35.34,5.9,35.4,5.91,35.46,5.92,35.52
,5.93,35.58,5.94,35.64,5.95,35.7,5.96,35.76,5.97,3
5.82,5.98,35.88,5.99,35.94,6,36,6.01,36.06,6.02,36
.12,6.03,36.18,6.04,36.24,6.05,36.3,6.06,36.36,6.0
7,36.42,6.08,36.48,6.09,36.54,6.1,36.6,6.11,36.66,
6.12,36.72,6.13,36.78,6.14,36.84,6.15,36.9,6.16,36
.96,6.17,37.02,6.18,37.08,6.19,37.14,6.2,37.2,6.21,
37.26,6.22,37.32,6.23,37.38,6.24,37.44,6.25,37.5,6
.26,37.56,6.27,37.62,6.28,37.68,6.29,37.74,6.3,37.
8,6.31,37.86,6.32,37.92,6.33,37.98,6.34,38.04,6.35
,38.1,6.36,38.16,6.37,38.22,6.38,38.28,6.39,38.34,
6.4,38.4,6.41,38.46,6.42,38.52,6.43,38.58,6.44, 38.
64,6.45,38.7,6.46,38.76,6.47,38.82,6.48,38.88,6.49
,38.94,6.5,39,6.51,39.06,6.52,39.12,6.53,39.18,6.5
4,39.24,6.55,39.3,6.56,39.36,6.57,39.42,6.58,39.48
,6.59,39.54,6.6,39.6,6.61,39.66,6.62,39.72,6.63,39.
78,6.64,39.84,6.65,39.9,6.66,39.96,6.67,40.02,6.68
,40.08,6.69,40.14,6.7,40.2,6.71,40.26,6.72,40.32,6.
73,40.38,6.74,40.44,6.75,40.5,6.76,40.56,6.77,40.6
2,6.78,40.68,6.79,40.74,6.8,40.8,6.81,40.86,6.82,4
0.92,6.83,40.98,6.84,41.04,6.85,41.1,6.86,41.16,6.
87,41.22,6.88,41.28,6.89,41.34,6.9,41.4,6.91,41.46
,6.92,41.52,6.93,41.58,6.94,41.64,6.95,41.7,6.96,4

1.76,6.97,41.82,6.98,41.88,6.99,41.94,7,42,7.01,42
.06,7.02,42.12,7.03,42.18,7.04,42.24,7.05,42.3,7.0
6,42.36,7.07,42.42,7.08,42.48,7.09,42.54,7.1,42.6,
7.11,42.66,7.12,42.72,7.13,42.78,7.14,42.84,7.15,4
2.9,7.16,42.96,7.17,43.02,7.18,43.08,7.19,43.14,7.
2,43.2,7.21,43.26,7.22,43.32,7.23,43.38,7.24,43.44
,7.25,43.5,7.26,43.56,7.27,43.62,7.28,43.68,7.29,4
3.74,7.3,43.8,7.31,43.86,7.32,43.92,7.33,43.98,7.3
4,44.04,7.35,44.1,7.36,44.16,7.37,44.22,7.38,44.28
,7.39,44.34,7.4,44.4,7.41,44.46,7.42,44.52,7.43,44.
58,7.44,44.64,7.45,44.7,7.46,44.76,7.47,44.82,7.48
,44.88,7.49,44.94,7.5,45,7.51,45.06,7.52,45.12,7.5
3,45.18,7.54,45.24,7.55,45.3,7.56,45.36,7.57,45.42
,7.58,45.48,7.59,45.54,7.6,45.6,7.61,45.66,7.62,45.
72,7.63,45.78,7.64,45.84,7.65,45.9,7.66,45.96,7.67
,46.02,7.68,46.08,7.69,46.14,7.7,46.2,7.71,46.26,7.
72,46.32,7.73,46.38,7.74,46.44,7.75,46.5,7.76,46.5
6,7.77,46.62,7.78,46.68,7.79,46.74,7.8,46.8,7.81,4
6.86,7.82,46.92,7.83,46.98,7.84,47.04,7.85,47.1,7.
86,47.16,7.87,47.22,7.88,47.28,7.89,47.34,7.9,47 .4
,7.91,47.46,7.92,47.52,7.93,47.58,7.94,47.64,7.95,
47.7,7.96,47.76,7.97,47.82,7.98,47.88,7.99,47.94,8
,48,8.01,48.06,8.02,48.12,8.03,48.18,8.04,48.24,8.
05,48.3,8.06,48.36,8.07,48.42,8.08,48.48,8.09,48.5
4,8.1,48.6,8.11,48.66,8.12,48.72,8.13,48.78,8.14,4
8.84,8.15,48.9,8.16,48.96,8.17,49.02,8.18,49.08,8.
19,49.14,8.2,49.2,8.21,49.26,8.22,49.32,8.23,49.38
,8.24,49.44,8.25,49.5,8.26,49.56,8.27,49.62,8.28,4
9.68,8.29,49.74,8.3,49.8,8.31,49.86,8.32,49.92,8.3
3,49.98,8.34,50.04,8.35,50.1,8.36,50.16,8.37,50.22
,8.38,50.28,8.39,50.34,8.4,50.4,8.41,50.46,8.42,50.
52,8.43,50.58,8.44,50.64,8.45,50.7,8.46,50.76,8.47
,50.82,8.48,50.88,8.49,50.94,8.5,51,8.51,51.06,8.5
2,51.12,8.53,51.18,8.54,51.24,8.55,51.3,8.56,51.36
,8.57,51.42,8.58,51.48,8.59,51.54,8.6,51.6,8.61,51.
66,8.62,51.72,8.63,51.78,8.64,51.84,8.65,51.9,8.66
,51.96,8.67,52.02,8.68,52.08,8.69,52.14,8.7,52.2,8.
71,52.26,8.72,52.32,8.73,52.38,8.74,52.44,8.75,52.
5,8.76,52.56,8.77,52.62,8.78,52.68,8.79,52.74,8.8,
52.8,8.81,52.86,8.82,52.92,8.83,52.98,8.84,53.04,8
.85,53.1,8.86,53.16,8.87,53.22,8.88,53.28,8.89,53.
34,8.9,53.4,8.91,53.46,8.92,53.52,8.93,53.58,8.94,
53.64,8.95,53.7,8.96,53.76,8.97,53.82,8.98,53.88,8
.99,53.94,9,54,9.01,54.06,9.02,54.12,9.03,54.18,9.
04,54.24,9.05,54.3,9.06,54.36,9.07,54.42,9.08,54.4
8,9.09,54.54,9.1,54.6,9.11,54.66,9.12,54.72,9.13,5
4.78,9.14,54.84,9.15,54.9,9.16,54.96,9.17,55.02,9.
18,55.08,9.19,55.14,9.2,55.2,9.21,55.26,9.22,55.32
,9.23,55.38,9.24,55.44,9.25,55.5,9.26,55.56,9.27,5
5.62,9.28,55.68,9.29,55.74,9.3,55.8,9.31,55.86,9.3
2,55.92,9.33,55.98,9.34,56.04,9.35,56.1,9.36,56.16
,9.37,56.22,9.38,56.28,9.39,56.34,9.4,56.4,9.41,56.
46,9.42,56.52,9.43,56.58,9.44,56.64,9.45,56.7,9.46
,56.76,9.47,56.82,9.48,56.88,9.49,56.94,9.5,57,9.5
1,57.06,9.52,57.12,9.53,57.18,9.54,57.24,9.55,57.3
,9.56,57.36,9.57,57.42,9.58,57.48,9.59,57.54,9.6,5
7.6,9.61,57.66,9.62,57.72,9.63,57.78,9.64,57.84,9.
65,57.9,9.66,57.96,9.67,58.02,9.68,58.08,9.69,58.1
4,9.7,58.2,9.71,58.26,9.72,58.32,9.73,58.38,9.74,5
8.44,9.75,58.5,9.76,58.56,9.77,58.62,9.78,58.68,9.
79,58.74,9.8,58.8,9.81,58.86,9.82,58.92,9.83,58.98
,9.84,59.04,9.85,59.1,9.86,59.16,9.87,59.22,9.88,5
9.28,9.89,59.34,9.9,59.4,9.91,59.46,9.92,59.52,9.9
3,59.58,9.94,59.64,9.95,59.7,9.96,59.76,9.97,59.82
,9.98,59.88,9.99,59.94,10,60
Extend Max = On
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Extend Min = On
Option = One Dimensional
END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:

Dynamic Viscosity = 1.831E-05 [kg m”~-1 s/~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa 1a90° fata de directia de
curgere, viteza 0-60 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0[ms~-1]
W =0 [ms~-1]

END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface

Boundary Type = WALL

Location = F25.18,F26.18,F27.18

BOUNDARY CONDITIONS:

MESH MOTION:

ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh

Displacement

Send to ANSYS = Total Force

END

WALL INFLUENCE ON FLOW:
Option = No Slip

END

WALL ROUGHNESS:
Option = Smooth Wall

END

END
END
END

END
FLOW:

DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
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Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0 [ms~-1]
W =0 [ms~-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File =
E:/teza/ansys/antena_rotita_90g/antenal0_90.inp
Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic

END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 10 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.01 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:
Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops
END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = 1le-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s~-1]
INTERPOLATION DATA:
Data Pairs =

0,0,0.01,0.06,0.02,0.12,0.03,0.18,0.04,0.24,0.05,0.
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3,0.06,0.36,0.07,0.42,0.08,0.48,0.09,0.54,0.1,0.6,0
.11,0.66,0.12,0.72,0.13,0.78,0.14,0.84,0.15,0.9,0.1
6,0.96,0.17,1.02,0.18,1.08,0.19,1.14,0.2,1.2,0.21,1
.26,0.22,1.32,0.23,1.38,0.24,1.44,0.25,1.5,0.26,1.5
6,0.27,1.62,0.28,1.68,0.29,1.74,0.3,1.8,0.31,1.86,0
.32,1.92,0.33,1.98,0.34,2.04,0.35,2.1,0.36,2.16,0.3
7,2.22,0.38,2.28,0.39,2.34,0.4,2.4,0.41,2.46,0.42,2
.52,0.43,2.58,0.44,2.64,0.45,2.7,0.46,2.76,0.47,2.8
2,0.48,2.88,0.49,2.94,0.5,3,0.51,3.06,0.52,3.12,0.5
3,3.18,0.54,3.24,0.55,3.3,0.56,3.36,0.57,3.42,0.58,
3.48,0.59,3.54,0.6,3.6,0.61,3.66,0.62,3.72,0.63,3.

8,0.64,3.84,0.65,3.9,0.66,3.96,0.67,4.02,0.68,4.08,
0.69,4.14,0.7,4.2,0.71,4.26,0.72,4.32,0.73,4.38,0.

4,4.44,0.75,4.5,0.76,4.56,0.77,4.62,0.78,4.68,0.79,
4.74,0.8,4.8,0.81,4.86,0.82,4.92,0.83,4.98,0.84,5.

4,0.85,5.1,0.86,5.16,0.87,5.22,0.88,5.28,0.89,5.34,
0.9,5.4,0.91,5.46,0.92,5.52,0.93,5.58,0.94,5.64,0.9
5,5.7,0.96,5.76,0.97,5.82,0.98,5.88,0.99,5.94,1,6,1
.01,6.06,1.02,6.12,1.03,6.18,1.04,6.24,1.05,6.3,1.0
6,6.36,1.07,6.42,1.08,6.48,1.09,6.54,1.1,6.6,1.11,6
.66,1.12,6.72,1.13,6.78,1.14,6.84,1.15,6.9,1.16,6.9
6,1.17,7.02,1.18,7.08,1.19,7.14,1.2,7.2,1.21,7.26,1
.22,7.32,1.23,7.38,1.24,7.44,1.25,7.5,1.26,7.56,1.2
7,7.62,1.28,7.68,1.29,7.74,1.3,7.8,1.31,7.86,1.32,7
.92,1.33,7.98,1.34,8.04,1.35,8.1,1.36,8.16,1.37,8.2
2,1.38,8.28,1.39,8.34,1.4,8.4,1.41,8.46,1.42,8.52, 1
.43,8.58,1.44,8.64,1.45,8.7,1.46,8.76,1.47,8.82,1.4
8,8.88,1.49,8.94,1.5,9,1.51,9.06,1.52,9.12,1.53,9.1
8,1.54,9.24,1.55,9.3,1.56,9.36,1.57,9.42,1.58,9.48,
1.59,9.54,1.6,9.6,1.61,9.66,1.62,9.72,1.63,9.78,1.6
4,9.84,1.65,9.9,1.66,9.96,1.67,10.02,1.68,10.08,1.6
9,10.14,1.7,10.2,1.71,10.26,1.72,10.32,1.73,10.38,

1.74,10.44,1.75,10.5,1.76,10.56,1.77,10.62,1.78,10
.68,1.79,10.74,1.8,10.8,1.81,10.86,1.82,10.92,1.83,
10.98,1.84,11.04,1.85,11.1,1.86,11.16,1.87,11.22,1
.88,11.28,1.89,11.34,1.9,11.4,1.91,11.46,1.92,11.5
2,1.93,11.58,1.94,11.64,1.95,11.7,1.96,11.76,1.97,

11.82,1.98,11.88,1.99,11.94,2,12,2.01,12.06,2.02,1
2.12,2.03,12.18,2.04,12.24,2.05,12.3,2.06,12.36,2

07,12.42,2.08,12.48,2.09,12.54,2.1,12.6,2.11,12.66
,2.12,12.72,2.13,12.78,2.14,12.84,2.15,12.9,2.16,1
2.96,2.17,13.02,2.18,13.08,2.19,13.14,2.2,13.2,2.2
1,13.26,2.22,13.32,2.23,13.38,2.24,13.44,2.25,13.5
,2.26,13.56,2.27,13.62,2.28,13.68,2.29,13.74,2.3,1
3.8,2.31,13.86,2.32,13.92,2.33,13.98,2.34,14.04,2.

35,14.1,2.36,14.16,2.37,14.22,2.38,14.28,2.39,14.3
4,2.4,14.4,2.41,14.46,2.42,14.52,2.43,14.58,2.44,1

4.64,2.45,14.7,2.46,14.76,2.47,14.82,2.48,14.88,2.
49,14.94,2.5,15,2.51,15.06,2.52,15.12,2.53,15.18,2
.54,15.24,2.55,15.3,2.56,15.36,2.57,15.42,2.58,15.
48,2.59,15.54,2.6,15.6,2.61,15.66,2.62,15.72,2.63,
15.78,2.64,15.84,2.65,15.9,2.66,15.96,2.67,16.02,2
.68,16.08,2.69,16.14,2.7,16.2,2.71,16.26,2.72,16.3
2,2.73,16.38,2.74,16.44,2.75,16.5,2.76,16.56,2.77,
16.62,2.78,16.68,2.79,16.74,2.8,16.8,2.81,16.86,2.
82,16.92,2.83,16.98,2.84,17.04,2.85,17.1,2.86,17.1
6,2.87,17.22,2.88,17.28,2.89,17.34,2.9,17.4,2.91,1
7.46,2.92,17.52,2.93,17.58,2.94,17.64,2.95,17.7,2.
96,17.76,2.97,17.82,2.98,17.88,2.99,17.94,3,18,3.0
1,18.06,3.02,18.12,3.03,18.18,3.04,18.24,3.05,18.3
,3.06,18.36,3.07,18.42,3.08,18.48,3.09 185431,1
8.6,3.11,18.66,3.12,18.72,3.13,18.78,3.14,18.84,
15,18.9,3.16,18.96,3.17,19.02,3.18,19.08,3.19,19
4,3.2,19.2,3.21,19.26,3.22,19.32,3.23,19.38,3.24,1
9.44,3.25,19.5,3.26,19.56,3.27,19.62,3.28,19.68,3.
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46,3.92,23.52,3.93,23.58,3.94,23.6
13.95,23.7,3.96,23.76,3.97,23.82,3.98,23.88,3.99,
3.94,4,24,4.01,24.06,4.02,24.12,4.03,24.18,4.04,2
4.24,4.05,24.3,4.06,24.36,4.07,24.42,4.08,24.48,4.
09,24.54,4.1,24.6,4.11,24.66,4.12,24.72,4.13,24.78
,4.14,24.84,4.15,24.9,4.16,24.96,4.17,25.02,4.18,2
5.08,4.19,25.14,4.2,25.2,4.21,25.26,4.22,25.32,4.2
3,25.38,4.24,25.44,4.25,25.5,4.26,25.56,4.27,25.62
,4.28,25.68,4.29,25.74,4.3,25.8,4.31,25.86,4.32,25.
92,4.33,25.98,4.34,26.04,4.35,26.1,4.36,26.16,4.37

N =

N B
NN D
(o))
wool—‘m
NN

NNOAOANNT
WN <

NNNON Y
\lww(dl—‘
WNOWKD
\INOOO\N
le—A

oW

o
NRRENE:
F

9N
N NI
Yo WXL

NO ¢

o
N
]
D¢
N
N Y

rg

N . 0
ENEEN
OO
N
N
N%
O 7
I\JN
LAJ
oo
w

Nw
0 N
D 07
N
YW
i
o
W
©
w\l
N
W
o)
P07
N G
““‘w
N
®

N
w
©0
=
N
w
Y
U1y
w
0
w

N A

,26.22,4.38,26.28,4.39,26.34,4.4,26.4,4.41,26.46,4.

42,26.52,4.43,26.58,4.44,26.64,4.45,26.7,4.46,26.7
6,4.47,26.82,4.48,26.88,4.49,26.94,4.5,27,4.51,27.
06,4.52,27.12,4.53,27.18,4.54,27.24,4.55,27.3,4.56
,27.36,4.57,27.42,4.58,27.48,4.59,27.54,4.6,27.6,4.
61,27.66,4.62,27.72,4.63,27.78,4.64,27.84,4.65,27.
9,4.66,27.96,4.67,28.02,4.68,28.08,4.69,28.14,4.7,
28.2,4.71,28.26,4.72,28.32,4.73,28.38,4.74,28.44,4
.75,28.5,4.76,28.56,4.77,28.62,4.78,28.68,4.79,28.
74,4.8,28.8,4.81,28.86,4.82,28.92,4.83,28.98,4.84,
29.04,4.85,29.1,4.86,29.16,4.87,29.22,4.88,29.28,4
.89,29.34,4.9,29.4,4.91,29.46,4.92,29.52,4.93,29.5
8,4.94,29.64,4.95,29.7,4.96,29.76,4.97,29.82,4.98,
29.88,4.99,29.94,5,30,5.01,30.06,5.02,30.12,5.03,3

0.18,5.04,30.24,5.05,30.3,5.06,30.36,5.07,30.42,5.
08,30.48,5.09,30.54,5.1,30.6,5.11,30.66,5.12,30.72
,5.13,30.78,5.14,30.84,5.15,30.9,5.16,30.96,5.17,3
1.02,5.18,31.08,5.19,31.14,5.2,31.2,5.21,31.26,5.2
2,31.32,5.23,31.38,5.24,31.44,5.25,31.5,5.26,31.56
,5.27,31.62,5.28,31.68,5.29,31.74,5.3,31.8,5.31,31.
86,5.32,31.92,5.33,31.98,5.34,32.04,5.35,32.1,5.36

3
5 1,
,32.16,5.37,32.22,5.38,32.28,5.39,32.34,5.4,32.4,5.
41,32.46,5.42,32.52,5.43,32.58,5.44,32.64,5.45,32.
7,5.46,32.76,5.47,32.82,5.48,32.88,5.49,32.94,5.5,
33,5.51,33.06,5.52,33.12,5.53,33.18,5.54,33.24,5.5
5,33.3,5.56,33.36,5.57,33.42,5.58,33.48,5.59,33.54
,5.6,33.6,5.61,33. 62,33.72,5.63,33.78,5.64,33.
84,5.65,33.9,5.6 6,5.67,34.02,5.68,34.08,5.69
,34.14,5.7,34.2,5.71,34.26,5.72,34.32,5.73,34.38,5.
74,34.44,5.75,34.5,5.76,34.56,5.77,34.62,5.78,34.6
4,5.8,34.8,5.81,34.86, 3,3
4.98,5.84,35.04,5.85,35.1,5.86,3
88,35.28,5.89,35.34,5.9,35.4,5.91,35.46,5.92,35.52
,5.93,35.58,5.94,35.64,5.95,35.7,5.96,35.76,5.97,3
5.82,5.98,35.88,5.99,35.94,6,36,6.01,36.06,6.02,36
.12,6.03,36.18,6.04,36.24,6.05,36.3,6.06,36.36,6.0
7,36.42,6.08,36.48,6.09,36.54,6.1,36.6,6.11,36.66,
6.12,36.72,6.13,36.78,6.14,36.84,6.15,36.9,6.16,36
.96,6.17,37.02,6.18,37.08,6.19,37.14,6.2,37.2,6.21,
37.26,6.22,37.32,6.23,37.38,6.24,37.44,6.25,37.5,6
.26,37.56,6.27,37.62,6.28,37.68,6.29,37.74,6.3,37.
8,6.31,37.86,6.32,37.92,6.33,37.98,6.34,38.04,6.35
,38.1,6.36,38.16,6.37,38.2 8,38.28,6.39,38.34,
6.4,38.4,6.41,38.46,6.42,3 6.43,38.58,6.44,38.

7
5 66,5.
3. 6,33.9
1,3 3
77,
82 34.92,5.8
6,5.87,35.22,5.
5

8,5.79,34.7 5.
5.1
1,3

2
2 37
7 33

2,6.3
8.52,
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64,6.45,38.7,6.46,38.76,6.47,38.82,6.48,38.88,6.49
,38.94,6.5,39,6.51,39.06,6.52,39.12,6.53,39.18,6.5
4,39.24,6.55,39.3,6.56,39.36,6.57,39.42,6.58,39.48
,6.59,39.54,6.6,39.6,6.61,39.66,6.62,39.72,6.63,39.
78,6.64,39.84,6.65,39.9,6.66,39.96,6.67,40.02,6.68
,40.08,6.69,40.14,6.7,40.2,6.71,40.26,6.72,40.32,6.
73,40.38,6.74,40.44,6.75,40.5,6.76,40.56,6.77,40.6
2,6.78,40.68,6.79,40.74,6.8,40.8,6.81,40.86,6.82,4
0.92,6.83,40.98,6.84,41.04,6.85,41.1,6.86,41.16,6.
87,41.22,6.88,41.28,6.89,41.34,6.9,41.4,6.91,41.46
,6.92,41.52,6.93,41.58,6.94,41.64,6.95,41.7,6.96,4
1.76,6.97,41.82,6.98,41.88,6.99,41.94,7,42,7.01,42
.06,7.02,42.12,7.03,42.18,7.04,42.24,7.05,42.3,7.0
6,42.36,7.07,42.42,7.08,42.48,7.09,42.54,7.1,42.6,
7.11,42.66,7.12,42.72,7.13,42.78,7.14,42.84,7.15,4
2.9,7.16,42.96,7.17,43.02,7.18,43.08,7.19,43.14,7.
2,43.2,7.21,43.26,7.22,43.32,7.23,43.38,7.24,43.44
,7.25,43.5,7.26,43.56,7.27,43.62,7.28,43.68,7.29,4
3.74,7.3,43.8,7.31,43.86,7.32,43.92,7.33,43.98,7.3
4,44.04,7.35,44.1,7.36,44.16,7.37,44.22,7.38,44.28
,7.39,44.34,7.4,44.4,7.41,44.46,7.42,44.52,7.43,44.
58,7.44,44.64,7.45,44.7,7.46,44.76,7.47,44.82,7.48
,44.88,7.49,44.94,7.5,45,7.51,45.06,7.52,45.12,7.5
3,45.18,7.54,45.24,7.55,45.3,7.56,45.36,7.57,45.42
,7.58,45.48,7.59,45.54,7.6,45.6,7.61,45.66,7.62,45.
72,7.63,45.78,7.64,45.84,7.65,45.9,7.66,45.96,7.67
,46.02,7.68,46.08,7.69,46.14,7.7,46.2,7.71,46.26,7.
72,46.32,7.73,46.38,7.74,46.44,7.75,46.5,7.76,46.5
6,7.77,46.62,7.78,46.68,7.79,46.74,7.8,46.8,7.81,4
6.86,7.82,46.92,7.83,46.98,7.84,47.04,7.85,47.1,7.
86,47.16,7.87,47.22,7.88,47.28,7.89,47.34,7.9,47.4
,7.91,47.46,7.92,47.52,7.93,47.58,7.94,47.64,7.95,
47.7,7.96,47.76,7.97,47.82,7.98,47.88,7.99,47.94,8
,48,8.01,48.06,8.02,48.12,8.03,48.18,8.04,48.24,8.
05,48.3,8.06,48.36,8.07,48.42,8.08,48.48,8.09,48.5
4,8.1,48.6,8.11,48.66,8.12,48.72,8.13,48.78,8.14,4
8.84,8.15,48.9,8.16,48.96,8.17,49.02,8.18,49.08,8.
19,49.14,8.2,49.2,8.21,49.26,8.22,49.32,8.23,49.38
,8.24,49.44,8.25,49.5,8.26,49.56,8.27,49.62,8.28,4
9.68,8.29,49.74,8.3,49.8,8.31,49.86,8.32,49.92,8.3
3,49.98,8.34,50.04,8.35,50.1,8.36,50.16,8.37,50.22
,8.38,50.28,8.39,50.34,8.4,50.4,8.41,50.46,8.42,50.
52,8.43,50.58,8.44,50.64,8.45,50.7,8.46,50.76,8.47
,50.82,8.48,50.88,8.49,50.94,8.5,51,8.51,51.06,8.5
2,51.12,8.53,51.18,8.54,51.24,8.55,51.3,8.56,51.36
,8.57,51.42,8.58,51.48,8.59,51.54,8.6,51.6,8.61,51.
66,8.62,51.72,8.63,51.78,8.64,51.84,8.65,51.9,8.66
,51.96,8.67,52.02,8.68,52.08,8.69,52.14,8.7,52.2,8.
71,52.26,8.72,52.32,8.73,52.38,8.74,52.44,8.75,52.
5,8.76,52.56,8.77,52.62,8.78,52.68,8.79,52.74,8.8,
52.8,8.81,52.86,8.82,52.92,8.83,52.98,8.84,53.04,8
.85,53.1,8.86,53.16,8.87,53.22,8.88,53.28,8.89,53.
34,8.9,53.4,8.91,53.46,8.92,53.52,8.93,53.58,8.94,
53.64,8.95,53.7,8.96,53.76,8.97,53.82,8.98,53.88,8
.99,53.94,9,54,9.01,54.06,9.02,54.12,9.03,54.18,9.
04,54.24,9.05,54.3,9.06,54.36,9.07,54.42,9.08,54.4
8,9.09,54.54,9.1,54.6,9.11,54.66,9.12,54.72,9.13,5
4.78,9.14,54.84,9.15,54.9,9.16,54.96,9.17,55.02,9.
18,55.08,9.19,55.14,9.2,55.2,9.21,55.26,9.22,55.32
,9.23,55.38,9.24,55.44,9.25,55.5,9.26,55.56,9.27,5
5.62,9.28,55.68,9.29,55.74,9.3,55.8,9.31,55.86,9.3
2,55.92,9.33,55.98,9.34,56.04,9.35,56.1,9.36,56.16
,9.37,56.22,9.38,56.28,9.39,56.34,9.4,56.4,9.41,56.
46,9.42,56.52,9.43,56.58,9.44,56.64,9.45,56.7,9.46
,56.76,9.47,56.82,9.48,56.88,9.49,56.94,9.5,57,9.5
1,57.06,9.52,57.12,9.53,57.18,9.54,57.24,9.55,57.3

,9.56,57.36,9.57,57.42,9.58,57.48,9.59,57.54,9.6,5
7.6,9.61,57.66,9.62,57.72,9.63,57.78,9.64,57.84,9.
65,57.9,9.66,57.96,9.67,58.02,9.68,58.08,9.69,58.1
4,9.7,58.2,9.71,58.26,9.72,58.32,9.73,58.38,9.74,5
8.44,9.75,58.5,9.76,58.56,9.77,58.62,9.78,58.68,9.
79,58.74,9.8,58.8,9.81,58.86,9.82,58.92,9.83,58.98
,9.84,59.04,9.85,59.1,9.86,59.16,9.87,59.22,9.88,5
9.28,9.89,59.34,9.9,59.4,9.91,59.46,9.92,59.52,9.9
3,59.58,9.94,59.64,9.95,59.7,9.96,59.76,9.97,59.82
,9.98,59.88,9.99,59.94,10,60

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m~-1 s/~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa la 135° fata de directia de
curgere, viteza rafala 30 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
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Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0 [ms~-1]
W =0 [m s~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface

Boundary Type = WALL

Location = F25.18,F26.18,F27.18

BOUNDARY CONDITIONS:

MESH MOTION:

ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh

Displacement

Send to ANSYS = Total Force

END

WALL INFLUENCE ON FLOW:
Option = No Slip

END

WALL ROUGHNESS:
Option = Smooth Wall

END

END
END
END

END
FLOW:

DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary
END
TURBULENCE:

Option = Medium Intensity si Eddy Viscosity

Ratio
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0 [ms~-1]
W =0 [m s~-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
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END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:

ANSYS Input File =
E:/teza/ansys/antena_rotation_135g/v30/antenal0_
135.inp

Option = ANSYS MultiField

COUPLING TIME CONTROL:

COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 9.99 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.015 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:

Maximum Number of Coefficient Loops = 3

Minimum Number of Coefficient Loops = 2

Timescale Control = Coefficient Loops

END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = le-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END

END
END
END
LIBRARY:
CEL:

FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s~-1]
INTERPOLATION DATA:

Data Pairs =
,14.81,0.015,10.74,0.03,9.981,0.045,14.29,0.06,1
.36,0.075,15.2,0.09,14.36,0.105,11.94,0.12,12.92,
.135,16.6,0.15,16.16,0.165,15.53,0.18,14.79,0.19
,12.21,0.21,14.2,0.225,16.64,0.24,15.24,0.255,13.
9,0.27,12.3,0.285,15.14,0.3,13.57,0.315,14.07,0.3
3,16.53,0.345,12.56,0.36,12.32,0.375,12.62,0.39,1
2.35,0.405,14.23,0.42,13.84,0.435,10.05,0.45,10.3
2,0.465,8.79,0.48,11.98,0.495,15.93,0.51,9.108,0.5
25,10.93,0.54,10.03,0.555,9.702,0.57,16.25,0.585,
12.87,0.6,1.171,0.615,8.67,0.63,10.93,0.645,11.09,
0.66,14.14,0.675,10.75,0.69,3.261,0.705,8.853,0.7
2,14.29,0.735,15.1,0.75,14.2,0.765,14.17,0.78,17.3
8,0.795,11.71,0.81,16.67,0.825,19.92,0.84,11.84,0.
855,16.02,0.87,18.99,0.885,15.29,0.9,20.49,0.915,
22.16,0.93,16.55,0.945,20.88,0.96,22.64,0.975,19.
51,0.99,22.58,1.005,17.87,1.02,19.42,1.035,18.52,
1.05,19.54,1.065,20.23,1.08,19.3,1.095,20.39,1.11,
21.02,1.125,18.31,1.14,20.43,1.155,20.89,1.17,21.
36,1.185,21.76,1.2,19.13,1.215,18.47,1.23,21.58,1.
245,21.24,1.26,17.43,1.275,20.02,1.29,19.97,1.305
,19.64,1.32,23,1.335,21.6,1.35,18.57,1.365,21.19,1
.38,22.81,1.395,21.19,1.41,22.84,1.425,21.74,1.44,
18.74,1.455,19.99,1.47,21.72,1.485,19.79,1.5,19.8
4,1.515,20.1,1.53,20.98,1.545,20.63,1.56,20.85,1.5
75,21.2,1.59,19.83,1.605,20.67,1.62,23.15,1.635,2
2.06,1.65,22.62,1.665,24.04,1.68,21.52,1.695,23.9
8,1.71,26.4,1.725,25.42,1.74,24.6,1.755,24.5,1.77,
24.59,1.785,25.06,1.8,25.48,1.815,26.95,1.83,27.7
6,1.845,27.43,1.86,26.99,1.875,27.32,1.89,27.12,1.
905,26.6,1.92,25.8,1.935,25.77,1.95,25.16,1.965,2
5.79,1.98,25.63,1.995,27.06,2.01,26.87,2.025,27.2
6,2.04,26.42,2.055,28.72,2.07,28.18,2.085,26.45,2.
1,27.88,2.115,25.47,2.13,25.66,2.145,28.89,2.16,2
7.24,2.175,27.02,2.19,28.17,2.205,26.15,2.22,28.4,
2.235,29.59,2.25,25.37,2.265,26.97,2.28,22.68,2.2
95,26.39,2.31,28.85,2.325,24.57,2.34,27.68,2.355,
25.78,2.37,22.27,2.385,29.2,2.4,27.16,2.415,24.77,
2.43,28.55,2.445,25.09,2.46,26.45,2.475,31.56,2.4
9,29.66,2.505,32.79,2.52,30.87,2.535,31.68,2.55,3
6.15,2.565,34.41,2.58,35.01,2.595,35.88,2.61,34.4
7,2.625,37.77,2.64,38.58,2.655,36.57,2.67,37.92,2.
685,37.41,2.7,38.4,2.715,40.98,2.73,39.72,2.745,3
9.57,2.76,39.87,2.775,37.98,2.79,39.78,2.805,38.5
5,2.82,37.92,2.835,38.85,2.85,37.26,2.865,38.55, 2.
88,39.54,2.895,38.61,2.91,39.69,2.925,37.92,2.94,
37.47,2.955,39.51,2.97,38.52,2.985,36.96,3,38.13,
3.015,36.48,3.03,37.59,3.045,38.64,3.06,35.7,3.07
5,35.85,3.09,37.62,3.105,36.18,3.12,36.24,3.135,3
4.23,3.15,30.87,3.165,34.44,3.18,34.74,3.195,33.8
1,3.21,33.21,3.225,29.83,3.24,32.1,3.255,31.41,3.2
7,30.78,3.285,32.61,3.3,31.02,3.315,30.72,3.33,32.
94,3.345,30.51,3.36,30.3,3.375,32.67,3.39,30.03,3.
405,31.26,3.42,32.01,3.435,28.79,3.45,30.72,3.465
,29.95,3.48,29,3.495,29.82,3.51,30.75,3.525,30.12,
3.54,27.68,3.555,29.4,3.57,30.39,3.585,30.42,3.6,3

0
6
0
5
7
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1.08,3.615,29.03,3.63,29.07,3.645,31.02,3.66,31.5,
3.675,30.57,3.69,29.94,3.705,27.82,3.72,29.3,3.73
5,29.88,3.75,30.96,3.765,31.17,3.78,33.36,3.795,3
2.1,3.81,32.58,3.825,34.47,3.84,32.28,3.855,30.24,
3.87,33.42,3.885,32.01,3.9,31.47,3.915,32.88,3.93,
31.02,3.945,31.32,3.96,33.57,3.975,31.59,3.99,33.
12,4.005,31.5,4.02,29.49,4.035,30.87,4.05,29.75,4.
065,29.49,4.08,31.05,4.095,28.95,4.11,29.19,4.125
,29.83,4.14,27.92,4.155,30.9,4.17,32.58,4.185,27.6
6,4.2,28,4.215,29.04,4.23,30.21,4.245,31.74,4.26,2
9.23,4.275,31.44,4.29,33.12,4.305,31.17,4.32,31.7
7,4.335,30.99,4.35,28.58,4.365,28.1,4.38,29.83,4.3
95,30.54,4.41,32.01,4.425,28.56,4.44,27.6,4.455,3
1.05,4.47,33.39,4.485,32.91,4.5,28.13,4.515,27.78,
4.53,27.48,4.545,29.47,4.56,30.3,4.575,26.9,4.59,2
5.37,4.605,27.3,4.62,28.59,4.635,31.08,4.65,31.32,
4.665,27.39,4.68,28.15,4.695,31.53,4.71,33.39,4.7
25,35.1,4.74,34.38,4.755,32.88,4.77,34.32,4.785,3
4.65,4.8,36.21,4.815,35.94,4.83,33.75,4.845,34.71,
4.86,35.79,4.875,37.17,4.89,39.66,4.905,39.27,4.9
2,37.89,4.935,39.15,4.95,38.94,4.965,39.24,4.98,4
0.65,4.995,38.49,5.01,36.57,5.025,36.48,5.04,38.4
9,5.055,39.36,5.07,38.46,5.085,37.77,5.1,36.03,5.1
15,35.85,5.13,37.95,5.145,37.29,5.16,35.49,5.175,
35.22,5.19,34.14,5.205,34.98,5.22,36.48,5.235,35.
1,5.25,33.24,5.265,32.82,5.28,35.07,5.295,35.94,5.
31,37.41,5.325,38.31,5.34,36.84,5.355,38.13,5.37,
41.58,5.385,41.28,5.4,41.61,5.415,41.97,5.43,40.0
5,5.445,40.32,5.46,42.3,5.475,42.03,5.49,42.42,5.5
05,41.55,5.52,41.55,5.535,42.93,5.55,42.99,5.565,
43.38,5.58,43.26,5.595,41.31,5.61,41.22,5.625,42.
69,5.64,41.94,5.655,42.42,5.67,41.85,5.685,40.26,
5.7,41.1,5.715,41.91,5.73,40.83,5.745,41.43,5.76,4
2.03,5.775,43.35,5.79,43.23,5.805,43.92,5.82,43.9
5,5.835,42.3,5.85,43.59,5.865,45.3,5.88,45.33,5.89
5,46.26,5.91,45.51,5.925,43.65,5.94,44.85,5.955,4
6.08,5.97,44.76,5.985,44.88,6,42.18,6.015,41.88,6.
03,41.94,6.045,42.06,6.06,42.36,6.075,40.65,6.09,
40.74,6.105,42.18,6.12,41.13,6.135,41.61,6.15,40.
95,6.165,39.45,6.18,40.98,6.195,42.18,6.21,41.16,
6.225,41.49,6.24,40.41,6.255,39.96,6.27,42.24,6.2
85,40.35,6.3,41.16,6.315,40.38,6.33,38.13,6.345,4
1.1,6.36,41.67,6.375,39.84,6.39,40.95,6.405,40.23,
6.42,38.37,6.435,41.01,6.45,39.72,6.465,38.46,6.4
8,41.16,6.495,41.04,6.51,40.86,6.525,41.19,6.54,4
0.89,6.555,40.77,6.57,40.95,6.585,40.17,6.6,38.91,
6.615,38.73,6.63,39.66,6.645,39.54,6.66,38.7,6.67
5,37.98,6.69,38.64,6.705,39.93,6.72,41.1,6.735,40.
11,6.75,38.52,6.765,40.53,6.78,40.65,6.795,41.91,
6.81,43.56,6.825,42.93,6.84,42.96,6.855,44.58,6.8
7,44.64,6.885,44.28,6.9,43.89,6.915,41.79,6.93,42.
27,6.945,43.32,6.96,42.75,6.975,42.21,6.99,41.28,
7.005,41.85,7.02,42.27,7.035,41.91,7.05,41.22,7.0
65,39.03,7.08,38.37,7.095,39.51,7.11,39.81,7.125,
38.43,7.14,37.62,7.155,37.86,7.17,38.28,7.185,37.
89,7.2,36.39,7.215,35.28,7.23,36.06,7.245,37.14,7.
26,38.94,7.275,37.17,7.29,37.68,7.305,38.55,7.32,
36.54,7.335,36.99,7.35,37.02,7.365,34.68,7.38,35.
43,7.395,36.33,7.41,34.2,7.425,34.98,7.44,35.82,7.
455,35.34,7.47,38.04,7.485,38.4,7.5,37.56,7.515,3
7.08,7.53,37.62,7.545,39.36,7.56,40.11,7.575,39.4
2,7.59,39.81,7.605,41.13,7.62,42.57,7.635,43.2,7.6
5,42.87,7.665,42.45,7.68,43.02,7.695,44.43,7.71,4
4.1,7.725,43.56,7.74,43.47,7.755,44.13,7.77,44.34,
7.785,42.72,7.8,43.29,7.815,41.25,7.83,39.09,7.84
5,40.98,7.86,39.36,7.875,37.11,7.89,39.24,7.905,3

8.4,7.92,37.56,7.935,40.02,7.95,38.16,7.965,37.14,
7.98,39.24,7.995,37.02,8.01,36.6,8.025,35.91,8.04,
34.92,8.055,35.58,8.07,35.85,8.085,35.64,8.1,35.1
3,8.115,34.92,8.13,35.79,8.145,36.72,8.16,36.15,8.
175,35.79,8.19,36.09,8.205,36.69,8.22,37.95,8.235
,37.47,8.25,33.9,8.265,35.19,8.28,32.64,8.295,33.5
7,8.31,35.4,8.325,31.86,8.34,32.82,8.355,34.92,8.3
7,32.31,8.385,33.69,8.4,33.51,8.415,29.57,8.43,31.
23,8.445,31.29,8.46,27.29,8.475,28.83,8.49,27.72,
8.505,28.32,8.52,29.11,8.535,27.81,8.55,27.47,8.5
65,26.25,8.58,25.2,8.595,26.33,8.61,26.76,8.625,2
6.04,8.64,24.46,8.655,21.21,8.67,22.64,8.685,25.6
3,8.7,24.57,8.715,22.42,8.73,19.33,8.745,18.65,8.7
6,22.6,8.775,20.2,8.79,16.46,8.805,17.7,8.82,21.1,
8.835,22.6,8.85,23.42,8.865,22.04,8.88,20.69,8.89
5,21.34,8.91,22.18,8.925,22.97,8.94,24.12,8.955,2
2.93,8.97,22.21,8.985,25.22,9,29.43,9.015,28.94,9.
03,29.56,9.045,29.02,9.06,27.78,9.075,28.28,9.09,
29.71,9.105,29.2,9.12,28.94,9.135,27.4,9.15,26.23,
9.165,28.16,9.18,29.75,9.195,27.46,9.21,24.62,9.2
25,22.41,9.24,22.56,9.255,22.63,9.27,23.35,9.285,
24.02,9.3,18.01,9.315,16.2,9.33,19.98,9.345,17.05,
9.36,17.84,9.375,18.71,9.39,11.06,9.405,11.78,9.4
2,17.98,9.435,15.02,9.45,16.61,9.465,16.87,9.48,1
1.89,9.495,16.59,9.51,18.88,9.525,20.95,9.54,19.7
2,9.555,14.83,9.57,14.21,9.585,12.71,9.6,15.5,9.61
5,16.82,9.63,14.74,9.645,9.147,9.66,7.446,9.675,9.
066,9.69,14.28,9.705,14.97,9.72,12.13,9.735,5.328
,9.75,4.977,9.765,10.38,9.78,16.9,9.795,11.39,9.81
,9.885,9.825,9.417,9.84,9.822,9.855,17.81,9.87,21.
75,9.885,18.19,9.9,12.32,9.915,16.22,9.93,21.38,9.
945,24.77,9.96,23.72,9.975,17.22,9.99,11.06

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m~-1 s/~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END
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Simularea curgerii peste structura antenei
pozitionata cu axa la 135° fata de directia de
curgere, viteza 0-60 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0 [ms~-1]
W =0 [ms~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface
Boundary Type = WALL
Location = F25.18,F26.18,F27.18
BOUNDARY CONDITIONS:
MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement
Send to ANSYS = Total Force
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END

END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
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FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0[ms"-1]
W =0 [m s”-1]
END
EPSILON:
Option = Automatic with Value
END
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File =
E:/teza/ansys/antena_rotation_135g/v_0_60/antena
10_135.inp
Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 10 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.01 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:
Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops

END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = le-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s~-1]
INTERPOLATION DATA:
Data Pairs =

0,0,0.01,0.06,0.02,0.12,0.03,0.18,0.04,0.24,0.05,0.
3,0.06,0.36,0.07,0.42,0.08,0.48,0.09,0.54,0.1,0.6,0
.11,0.66,0.12,0.72,0.13,0.78,0.14,0.84,0.15,0.9,0.1
6,0.96,0.17,1.02,0.18,1.08,0.19,1.14,0.2,1.2,0.21,1
.26,0.22,1.32,0.23,1.38,0.24,1.44,0.25,1.5,0.26,1.5
6,0.27,1.62,0.28,1.68,0.29,1.74,0.3,1.8,0.31,1.86,0
.32,1.92,0.33,1.98,0.34,2.04,0.35,2.1,0.36,2.16,0.3
7,2.22,0.38,2.28,0.39,2.34,0.4,2.4,0.41,2.46,0.42,2
.52,0.43,2.58,0.44,2.64,0.45,2.7,0.46,2.76,0.47,2.8
2,0.48,2.88,0.49,2.94,0.5,3,0.51,3.06,0.52,3.12,0.5
3,3.18,0.54,3.24,0.55,3.3,0.56,3.36,0.57,3.42,0.58,
3.48,0.59,3.54,0.6,3.6,0.61,3.66,0.62,3.72,0.63,3.
8,0.64,3.84,0.65,3.9,0.66,3.96,0.67,4.02,0.68,4.08,
0.69,4.14,0.7,4.2,0.71,4.26,0.72,4.32,0.73,4.38,0.
4,4.44,0.75,4.5,0.76,4.56,0.77,4.62,0.78,4.68,0.79,
4.74,0.8,4.8,0.81,4.86,0.82,4.92,0.83,4.98,0.84,5.
4,0.85,5.1,0.86,5.16,0.87,5.22,0.88,5.28,0.89,5.34,
0.9,5.4,0.91,5.46,0.92,5.52,0.93,5.58,0.94,5.64,0.9
5,5.7,0.96,5.76,0.97,5.82,0.98,5.88,0.99,5.94,1,6,1
.01,6.06,1.02,6.12,1.03,6.18,1.04,6.24,1.05,6.3,1.0
6,6.36,1.07,6.42,1.08,6.48,1.09,6.54,1.1,6.6,1.11,6
.66,1.12,6.72,1.13,6.78,1.14,6.84,1.15,6.9,1.16,6.9
6,1.17,7.02,1.18,7.08,1.19,7.14,1.2,7.2,1.21,7.26,1
22,7.32,1.23,7.38,1.24,7.44,1.25,7.5,1.26,7.56,1.2
7,7.62,1.28,7.68,1.29,7.74,1.3,7.8,1.31,7.86,1.32,7
.92,1.33,7.98,1.34,8.04,1.35,8.1,1.36,8.16,1.37,8.2
2,1.38,8.28,1.39,8.34,1.4,8.4,1.41,8.46,1.42,8.52,1
143.8.58,1.44.8.64,1.45,8.7,1.46,8.76,1.47,8.82,1.4
8,8.88,1.49,8.94,1.5,9,1.51,9.06,1.52,9.12,1.53,9.1
8.1.54.9.24.1.55,9.3.1.56,9.36,1.57,9.42,1.58,9.48,
1.59,9.54,1.6,9.6,1.61,9.66,1.62,9.72,1.63,9.78,1.6
4,9.84,1.65,9.9,1.66,9.96,1.67,10.02,1.68,10.08,1.6

’ ’ ’
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9,10.14,1.7,10.2,1.71,10.26,1.72,10.32,1.73,10.38,
1.74,10.44,1.75,10.5,1.76,10.56,1.77,10.62,1.78,10
68,1.79,10.74,1.8,10.8,1.81,10.86,1.82,10.92,1.83,
10.98,1.84,11.04,1.85,11.1,1.86,11.16,1.87,11.22,1
.88,11.28,1.89,11.34,1.9,11.4,1.91,11.46,1.92,11.5
2,1.93,11.58,1.94,11.64,1.95,11.7,1.96,11.76,1.97,
11.82,1.98,11.88,1.99,11.94,2,12,2.01,12.06,2.02,1
2.12,2.03,12.18,2.04,12.24,2.05,12.3,2.06,12.36,2.
07,12.42,2.08,12.48,2.09,12.54,2.1,12.6,2.11,12.66
,2.12,12.72,2.13,12.78,2.14,12.84,2.15,12.9,2.16,1
2.96,2.17,13.02,2.18,13.08,2.19,13.14,2.2,13.2,2.2
1,13.26,2.22,13.32,2.23,13.38,2.24,13.44,2.25,13.5
,2.26,13.56,2.27,13.62,2.28,13.68,2.29,13.74,2.3,1
3.8,2.31,13.86,2.32,13.92,2.33,13.98,2.34,14.04,
35,14.1,2.36,14.16,2.37,14.22,2.38,14.28,2.39,14.3
4,2.4,14.4,2.41,14.46,2.42,14.52,2.43,14.58,2.44,1

4.64,2.45,14.7,2.46,14.76,2.47,14.82,2.48,14.88,2.
49,14.94,2.5,15,2.51,15.06,2.52,15.12,2.53,15.18,2
.54,15.24,2.55,15.3,2.56,15.36,2.57,15.42,2.58,15.
48,2.59,15.54,2.6,15.6,2.61,15.66,2.62,15.72,2.63,
15.78,2.64,15.84,2.65,15.9,2.66,15.96,2.67,16.02,2
.68,16.08,2.69,16.14,2.7,16.2,2.71,16.26,2.72,16.3
2,2.73,16.38,2.74,16.44,2.75,16.5,2.76,16.56,2.77,
16.62,2.78,16.68,2.79,16.74,2.8,16.8,2.81,16.86,2.
82,16.92,2.83,16.98,2.84,17.04,2.85,17.1,2.86,17.1
6,2.87,17.22,2.88,17.28,2.89,17.34,2.9,17.4,2.91,1
7.46,2.92,17.52,2.93,17.58,2.94,17.64,2.95,17.7,2.
96,17.76,2.97,17.82,2.98,17.88,2.99,17.94,3,18,3
1,18.06,3.02,18.12,3.03,18.18,3.04,18.24,3.05,18
,3.06,18.36,3.07,18.42,3.08,18.48,3.09,18.54,3.1,
8.6,3.11,18.66,3.12,18.72,3.13,18.78,3.14,18.84,3.
15,18.9,3.16,18.96,3.17,19.02,3.18,19.08,3.19,19.1
4,3.2,19.2,3.21,19.26,3.22,19.32,3.23,19.38,3.24,1
9.44,3.25,19.5,3.26,19.56,3.27,19.62,3.28,19.68,3.
29,19.74,3.3,19.8,3.31,19.86,3.32,19.92,3.33,19.98
,3.34,20.04,3.35,20.1,3.36,20.16,3.37,20.22,3.38,2
0.28,3.39,20.34,3.4,20.4,3.41,20.46,3.42,20.52,3.4
3,20.58,3.44,20.64,3.45,20.7,3.46,20.76,3.47,20.82
,3.48,20.88,3.49,20.94,3.5,21,3.51,21.06,3.52,21.1
2,3.53,21.18,3.54,21.2
21.42,3.58,
62,21.72,3.
0
2

0
.3
1

,3.55,21.3,3.56,21.36,3.57,
1.54,3.6,21.6,3.61,21.66,3.
4,21.84,3.65,21.9,3.66,21.9
,3.69,22.14,3.7,22.2,3.71,2
.38,3.74,22.44,3.75,22.5,3.

8 1.24
21.48,3.59,2
63,21.78,3.6
6,3.67,22.02,3.68,22.08
2.26,3.72,22.32,3 2
76,22.56,3.77,22.62,3.78,22.68,3.79,22.74,3.8,22.8
2
3.1

2.0
73,2
2 62
,3.81,22.86,3.82,22.92,3.83,22.98,3.84,23.04,3.85,
2 23
2
6

.32,
2
3 3
23.1,3.86,23.16,3.87,23.22,3.88,23.28,3.89,23.34,3
.9,23.4,3.91,23.46,3.92,23.52,3.93,23.58,3.94,23.6
4,3.95,23.7,3.96,23.76,3.97,23.82,3.98,23.88,3.99,
23.94,4,24,4.01,24.06,4.02,24.12,4.03,24.18,4.04,2
4.24,4.05,24.3,4.06,24.36,4.07,24.42,4.08,24.48,4.
09,24.54,4.1,24.6,4.11,24.66,4.12,24.72,4.13,24.78
,4.14,24.84,4.15,24.9,4.16,24.96,4.17,25.02,4.18,2
5.08,4.19,25.14,4.2,25.2,4.21,25.26,4.22,25.32,4.2
3,25.38,4.24,25.44,4.25,25.5,4.26,25.56,4.27,25.62
,4.28,25.68,4.29,25.74,4.3,25.8,4.31,25.86,4.32,25.
92,4.33,25.98,4.34,26.04,4.35,26.1,4.36,26.16,4.37
,26.22,4.38,26.28,4.39,26.34,4.4,26.4,4.41,26.46,4.
42,26.52,4.43,26.58,4.44,26.64,4.45,26.7,4.46,26.7
6,4.47,26.82,4.48,26.88,4.49,26.94,4.5,27,4.51,27.
06,4.52,27.12,4.53,27.18,4.54,27.24,4.55,27.3,4.56
,27.36,4.57,27.42,4.58,27.48,4.59,27.54,4.6,27.6,4.
61,27.66,4.62,27.72,4.63,27.78,4.64,27.84,4.65,27.
9,4.66,27.96,4.67,28.02,4.68,28.08,4.69,28.14,4.7,
28.2,4.71,28.26,4.72,28.32,4.73,28.38,4.74,28.44,4
.75,28.5,4.76,28.56,4.77,28.62,4.78,28.68,4.79,28.

74,4.8,28.8,4.81,28.86,4.82,28.92,4.83,28.98,4.84,
29.04,4.85,29.1,4.86,29.16,4.87,29.22,4.88,29.28,4
.89,29.34,4.9,29.4,4.91,29.46,4.92,29.52,4.93,29.5
8,4.94,29.64,4.95,29.7,4.96,29.76,4.97,29.82,4.98,
29.88,4.99,29.94,5,30,5.01,30.06,5.02,30.12,5.03,3
0.18,5.04,30.24,5.05,30.3,5.06,30.36,5.07,30.42,5.
08,30.48,5.09,30.54,5.1,30.6,5.11,30.66,5.12,30.72
,5.13,30.78,5.14,30.84,5.15,30.9,5.16,30.96,5.17,3
1.02,5.18,31.08,5.19,31.14,5.2,31.2,5.21,31.26,5.2
2,31.32,5.23,31.38,5.24,31.44,5.25,31.5,5.26,31.56
,5.27,31.62,5.28,31.68,5.29,31.74,5.3,31.8,5.31,31.
86,5.32,31.92,5.33,31.98,5.34,32.04,5.35,32.1,5.36
,32.16,5.37,32.22,5.38,32.28,5.39,32.34,5.4,32.4, 5.
41,32.46,5.42,32.52,5.43,32.58,5.44,32.64,5.45,32
7,5.46,32.76,5.47,32.82,5.48,32.88,5.49,32.94,5.5,
33,5.51,33.06,5.52,33.12,5.53,33.18,5.54,33.24,5.5
5,33.3,5.56,33.36,5.57,33.42,5.58,33.48,5.59,33.54
,5.6,33.6,5.61,33.66,5.62,33.72,5.63,33.78,5.64,33.
84,5.65,33.9,5.66,33.96,5.67,34.02,5.68,34 9
,34.14,5.7,34.2,5.71,34.26,5.72,34.32,5.73,34.3
74,34.44,5.75,34.5,5.76,34.56,5.77,34.62,5
8,5.79,34.74,5.8,34.8,5.81,34.86,5.82,34.92,5
4.98,5.84,35.04,5.85,35.1,5.86,35.16,5.87,35.22,5.
88,35.28,5.89,35.34,5.9,35.4,5.91,35 2,35.5

8
3
2 5.
2

5.6
5 .08,5.6
34.38,5.
.78,34.6
5 2,5.83,3

0 .1,5.86,35.16,5.87,3

5.9,35.4,5.91,35.46,5.92,35.52
,5.93,35.58,5.94,35.64,5.95,35.7,5.96,35.76,5.97,3
5.82,5.98,35.88,5.99,35.94,6,36,6.01,36.06,6.02,36
.12,6.03,36.18,6.04,36.24,6.05,36.3,6.06,36.36,6.0
6.42,6.08,36.48,6.09,36.54,6.1,36.6,6.11,36.66,
2,36.72,6.13,36.78,6.14,36.84,6.15,36.9,6.16,36
,6.17,37.02,6.18,37.08,6.19,37.14,6.2,37.2,6.21,
37.26,6.22,37.32,6.23,37.38,6.24,37.44,6.25,37.5,6
.26,37.56,6.27,37.62,6.28,37.68,6.29,37.74,6.3,37.
8,6.31,37.86,6.32,37.92,6.33,37.98,6.34,38.04,6.35
,38.1,6.36,38.16,6.37,38.22,6.38,38.28,6.39,38.34,
6.4,38.4,6.41,38.46,6.42,38.52,6.43,38.58,6.44, 38.
64,6.45,38.7,6.46,38.76,6.47,38.82,6.48,38.88,6.49
,38.94,6.5,39,6.51,39.06,6.52,39.12,6.53,39.18,6.5
4,39.24,6.55,39.3,6.56,39.36,6.57,39.42,6.58,39.48
,6.59,39.54,6.6,39.6,6.61,39.66,6.62,39.72,6.63,39.
78,6.64,39.84,6.65,39.9,6.66,39.96,6.67,40.02,6.68
,40.08,6.69,40.14,6.7,40.2,6.71,40.26,6.72,40.32,6.
73,40.38,6.74,40.44,6.75,40.5,6.76,40.56,6.77,40.6
2,6.78,40.68,6.79,40.74,6.8,40.8,6.81,40.86,6.82,4
0.92,6.83,40.98,6.84,41.04,6.85,41.1,6.86,41.16,6.
87,41.22,6.88,41.28,6.89,41.34,6.9,41.4,6.91,41.46
,6.92,41.52,6.93,41.58,6.94,41.64,6.95,41.7,6.96,4
1.76,6.97,41.82,6.98,41.88,6.99,41.94,7,42,7.01,42
.06,7.02,42.12,7.03,42.18,7.04,42.24,7.05,42.3,7.0
6,42.36,7.07,42.42,7.08,42.48,7.09,42.54,7.1,42.6,
7.11,42.66,7.12,42.72,7.13,42.78,7.14,42.84,7.15,4
2.9,7.16,42.96,7.17,43.02,7.18,43.08,7.19,43.14,7.
2,43.2,7.21,43.26,7.22,43.32,7.23,43.38,7.24,43.44
,7.25,43.5,7.26,43.56,7.27,43.62,7.28,43.68,7.29,4
3.74,7.3,43.8,7.31,43.86,7.32,43.92,7.33,43.98,7.3
4,44.04,7.35,44.1,7.36,44.16,7.37,44.22,7.38,44.28
,7.39,44.34,7.4,44.4,7.41,44.46,7.42,44.52,7.43,44.
58,7.44,44.64,7.45,44.7,7.46,44.76,7.47,44.82,7.48
,44.88,7.49,44.94,7.5,45,7.51,45.06,7.52,45.12,7.5
3,45.18,7.54,45.24,7.55,45.3,7.56,45.36,7.57,45.42
,7.58,45.48,7.59,45.54,7.6,45.6,7.61,45.66,7.62,45.
72,7.63,45.78,7.64,45.84,7.65,45.9,7.66,45.96,7.67
,46.02,7.68,46.08,7.69,46.14,7.7,46.2,7.71,46.26,7.
72,46.32,7.73,46.38,7.74,46.44,7.75,46.5,7.76,46.5
6,7.77,46.62,7.78,46.68,7.79,46.74,7.8,46.8,7.81,4
6.86,7.82,46.92,7.83,46.98,7.84,47.04,7.85,47.1,7.
86,47.16,7.87,47.22,7.88,47.28,7.89,47.34,7.9,47.4

2
7,3
6.1

96

2 2
6,6.2 2,6.2
7 7
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,7.91,47.46,7.92,47.52,7.93,47.58,7.94,47.64,7.95,
47.7,7.96,47.76,7.97,47.82,7.98,47.88,7.99,47.94,8
,48,8.01,48.06,8.02,48.12,8.03,48.18,8.04,48.24,8.
05,48.3,8.06,48.36,8.07,48.42,8.08,48.48,8.09,48.5
4,8.1,48.6,8.11,48.66,8.12,48.72,8.13,48.78,8.14,4
8.84,8.15,48.9,8.16,48.96,8.17,49.02,8.18,49.08,8.
19,49.14,8.2,49.2,8.21,49.26,8.22,49.32,8.23,49.38
,8.24,49.44,8.25,49.5,8.26,49.56,8.27,49.62,8.28,4
9.68,8.29,49.74,8.3,49.8,8.31,49.86,8.32,49.92,8.3
3,49.98,8.34,50.04,8.35,50.1,8.36,50.16,8.37,50.22
,8.38,50.28,8.39,50.34,8.4,50.4,8.41,50.46,8.42,50.
52,8.43,50.58,8.44,50.64,8.45,50.7,8.46,50.76,8.47
,50.82,8.48,50.88,8.49,50.94,8.5,51,8.51,51.06,8.5
2,51.12,8.53,51.18,8.54,51.24,8.55,51.3,8.56,51.36
,8.57,51.42,8.58,51.48,8.59,51.54,8.6,51.6,8.61,51.
66,8.62,51.72,8.63,51.78,8.64,51.84,8.65,51.9,8.66
,51.96,8.67,52.02,8.68,52.08,8.69,52.14,8.7,52.2,8.
71,52.26,8.72,52.32,8.73,52.38,8.74,52.44,8.75,52.
5,8.76,52.56,8.77,52.62,8.78,52.68,8.79,52.74,8.8,
52.8,8.81,52.86,8.82,52.92,8.83,52.98,8.84,53.04,8
.85,53.1,8.86,53.16,8.87,53.22,8.88,53.28,8.89,53.
34,8.9,53.4,8.91,53.46,8.92,53.52,8.93,53.58,8.94,
53.64,8.95,53.7,8.96,53.76,8.97,53.82,8.98,53.88,8
.99,53.94,9,54,9.01,54.06,9.02,54.12,9.03,54.18,9.
04,54.24,9.05,54.3,9.06,54.36,9.07,54.42,9.08,54.4
8,9.09,54.54,9.1,54.6,9.11,54.66,9.12,54.72,9.13,5
4.78,9.14,54.84,9.15,54.9,9.16,54.96,9.17,55.02,9.
18,55.08,9.19,55.14,9.2,55.2,9.21,55.26,9.22,55.32
,9.23,55.38,9.24,55.44,9.25,55.5,9.26,55.56,9.27,5
5.62,9.28,55.68,9.29,55.74,9.3,55.8,9.31,55.86,9.3
2,55.92,9.33,55.98,9.34,56.04,9.35,56.1,9.36,56.16
,9.37,56.22,9.38,56.28,9.39,56.34,9.4,56.4,9.41,56.
46,9.42,56.52,9.43,56.58,9.44,56.64,9.45,56.7,9.46
,56.76,9.47,56.82,9.48,56.88,9.49,56.94,9.5,57,9.5
1,57.06,9.52,57.12,9.53,57.18,9.54,57.24,9.55,57.3
,9.56,57.36,9.57,57.42,9.58,57.48,9.59,57.54,9.6,5
7.6,9.61,57.66,9.62,57.72,9.63,57.78,9.64,57.84,9.
65,57.9,9.66,57.96,9.67,58.02,9.68,58.08,9.69,58.1
4,9.7,58.2,9.71,58.26,9.72,58.32,9.73,58.38,9.74,5
8.44,9.75,58.5,9.76,58.56,9.77,58.62,9.78,58.68,9.
79,58.74,9.8,58.8,9.81,58.86,9.82,58.92,9.83,58.98
,9.84,59.04,9.85,59.1,9.86,59.16,9.87,59.22,9.88,5
9.28,9.89,59.34,9.9,59.4,9.91,59.46,9.92,59.52,9.9
3,59.58,9.94,59.64,9.95,59.7,9.96,59.76,9.97,59.82
,9.98,59.88,9.99,59.94,10,60

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m”~-1 s/~

1]
Option = Value
END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END
COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa la 180° fata de directia de
curgere, viteza rafala 30 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0[ms~-1]
W =0 [ms~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface
Boundary Type = WALL
Location = F25.18,F26.18,F27.18
BOUNDARY CONDITIONS:
MESH MOTION:
ANSYS Interface = FSIN_1
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Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement
Send to ANSYS = Total Force
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END

END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0 [ms~-1]
W =0 [ms”-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END
FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File =
E:/teza/ansys/antena_rotation_180g/v30/antenal0_
180.inp
Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 9.99 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.015 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
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END
END
END
FLOW:
SOLVER CONTROL:

ADVECTION SCHEME:
Option = High Resolution

END

CONVERGENCE CONTROL:
Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops

END

CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS

END

EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:

Convergence Target = le-3
Under Relaxation Factor = 0.75

END
COUPLING STEP CONTROL:

Maximum Number of Coupling Iterations = 10

Minimum Number of Coupling Iterations = 1

SOLUTION SEQUENCE CONTROL:

Solve ANSYS Fields = After CFX Fields

END

END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s”~-1]
INTERPOLATION DATA:

Data Pairs =
0,14.81,0.015,10.74,0.03,9.981,0.045,14.29,0.06,1
6.36,0.075,15.2,0.09,14.36,0.105,11.94,0.12,12.92,
0.135,16.6,0.15,16.16,0.165,15.53,0.18,14.79,0.19
5,12.21,0.21,14.2,0.225,16.64,0.24,15.24,0.255,13.
79,0.27,12.3,0.285,15.14,0.3,13.57,0.315,14.07,0.3
3,16.53,0.345,12.56,0.36,12.32,0.375,12.62,0.39,1
2.35,0.405,14.23,0.42,13.84,0.435,10.05,0.45,10.3
2,0.465,8.79,0.48,11.98,0.495,15.93,0.51,9.108,0.5
25,10.93,0.54,10.03,0.555,9.702,0.57,16.25,0.585,
12.87,0.6,1.171,0.615,8.67,0.63,10.93,0.645,11.09,
0.66,14.14,0.675,10.75,0.69,3.261,0.705,8.853,0.7
2,14.29,0.735,15.1,0.75,14.2,0.765,14.17,0.78,17.3
8,0.795,11.71,0.81,16.67,0.825,19.92,0.84,11.84,0.
855,16.02,0.87,18.99,0.885,15.29,0.9,20.49,0.915,
22.16,0.93,16.55,0.945,20.88,0.96,22.64,0.975,19.
51,0.99,22.58,1.005,17.87,1.02,19.42,1.035,18.52,
1.05,19.54,1.065,20.23,1.08,19.3,1.095,20.39,1.11,
21.02,1.125,18.31,1.14,20.43,1.155,20.89,1.17,21.
36,1.185,21.76,1.2,19.13,1.215,18.47,1.23,21.58,1.
245,21.24,1.26,17.43,1.275,20.02,1.29,19.97,1.305

,19.64,1.32,23,1.335,21.6,1.35,18.57,1.365,21.19,1
.38,22.81,1.395,21.19,1.41,22.84,1.425,21.74,1.44,
18.74,1.455,19.99,1.47,21.72,1.485,19.79,1.5,19.8
4,1.515,20.1,1.53,20.98,1.545,20.63,1.56,20.85,1.5
75,21.2,1.59,19.83,1.605,20.67,1.62,23.15,1.635,2
2.06,1.65,22.62,1.665,24.04,1.68,21.52,1.695,23.9
8,1.71,26.4,1.725,25.42,1.74,24.6,1.755,24.5,1.77,
24.59,1.785,25.06,1.8,25.48,1.815,26.95,1.83,27.7
6,1.845,27.43,1.86,26.99,1.875,27.32,1.89,27.12,1.
905,26.6,1.92,25.8,1.935,25.77,1.95,25.16,1.965,2
5.79,1.98,25.63,1.995,27.06,2.01,26.87,2.025,27.2
6,2.04,26.42,2.055,28.72,2.07,28.18,2.085,26.45,2.
1,27.88,2.115,25.47,2.13,25.66,2.145,28.89,2.16,2
7.24,2.175,27.02,2.19,28.17,2.205,26.15,2.22,28.4,
2.235,29.59,2.25,25.37,2.265,26.97,2.28,22.68,2.2
95,26.39,2.31,28.85,2.325,24.57,2.34,27.68,2.355,
25.78,2.37,22.27,2.385,29.2,2.4,27.16,2.415,24.77,
2.43,28.55,2.445,25.09,2.46,26.45,2.475,31.56,2.4
9,29.66,2.505,32.79,2.52,30.87,2.535,31.68,2.55,3
6.15,2.565,34.41,2.58,35.01,2.595,35.88,2.61,34.4
7,2.625,37.77,2.64,38.58,2.655,36.57,2.67,37.92,2.
685,37.41,2.7,38.4,2.715,40.98,2.73,39.72,2.745,3
9.57,2.76,39.87,2.775,37.98,2.79,39.78,2.805,38.5
5,2.82,37.92,2.835,38.85,2.85,37.26,2.865,38.55,2.
88,39.54,2.895,38.61,2.91,39.69,2.925,37.92,2.94,
37.47,2.955,39.51,2.97,38.52,2.985,36.96,3,38.13,
3.015,36.48,3.03,37.59,3.045,38.64,3.06,35.7,3.07
5,35.85,3.09,37.62,3.105,36.18,3.12,36.24,3.135,3
4.23,3.15,30.87,3.165,34.44,3.18,34.74,3.195,33.8
1,3.21,33.21,3.225,29.83,3.24,32.1,3.255,31.41,3.2
7,30.78,3.285,32.61,3.3,31.02,3.315,30.72,3.33,32.
94,3.345,30.51,3.36,30.3,3.375,32.67,3.39,30.03,3.
405,31.26,3.42,32.01,3.435,28.79,3.45,30.72,3.465
,29.95,3.48,29,3.495,29.82,3.51,30.75,3.525,30.12,
3.54,27.68,3.555,29.4,3.57,30.39,3.585,30.42,3.6,3
1.08,3.615,29.03,3.63,29.07,3.645,31.02,3.66,31.5,
3.675,30.57,3.69,29.94,3.705,27.82,3.72,29.3,3.73
5,29.88,3.75,30.96,3.765,31.17,3.78,33.36,3.795,3
2.1,3.81,32.58,3.825,34.47,3.84,32.28,3.855,30.24,
3.87,33.42,3.885,32.01,3.9,31.47,3.915,32.88,3.93,
31.02,3.945,31.32,3.96,33.57,3.975,31.59,3.99,33.
12,4.005,31.5,4.02,29.49,4.035,30.87,4.05,29.75,4.
065,29.49,4.08,31.05,4.095,28.95,4.11,29.19,4.125
,29.83,4.14,27.92,4.155,30.9,4.17,32.58,4.185,27.6
6,4.2,28,4.215,29.04,4.23,30.21,4.245,31.74,4.26,2
9.23,4.275,31.44,4.29,33.12,4.305,31.17,4.32,31.7
7,4.335,30.99,4.35,28.58,4.365,28.1,4.38,29.83,4.3
95,30.54,4.41,32.01,4.425,28.56,4.44,27.6,4.455,3
1.05,4.47,33.39,4.485,32.91,4.5,28.13,4.515,27.78,
4.53,27.48,4.545,29.47,4.56,30.3,4.575,26.9,4.59,2
5.37,4.605,27.3,4.62,28.59,4.635,31.08,4.65,31.32,
4.665,27.39,4.68,28.15,4.695,31.53,4.71,33.39,4.7
25,35.1,4.74,34.38,4.755,32.88,4.77,34.32,4.785,3
4.65,4.8,36.21,4.815,35.94,4.83,33.75,4.845,34.71,
4.86,35.79,4.875,37.17,4.89,39.66,4.905,39.27,4.9
2,37.89,4.935,39.15,4.95,38.94,4.965,39.24,4.98,4
0.65,4.995,38.49,5.01,36.57,5.025,36.48,5.04,38.4
9,5.055,39.36,5.07,38.46,5.085,37.77,5.1,36.03,5.1
15,35.85,5.13,37.95,5.145,37.29,5.16,35.49,5.175,
35.22,5.19,34.14,5.205,34.98,5.22,36.48,5.235, 35.
1,5.25,33.24,5.265,32.82,5.28,35.07,5.295,35.94, 5.
31,37.41,5.325,38.31,5.34,36.84,5.355,38.13,5.37,
41.58,5.385,41.28,5.4,41.61,5.415,41.97,5.43,40.0
5,5.445,40.32,5.46,42.3,5.475,42.03,5.49,42.42,5.5
05,41.55,5.52,41.55,5.535,42.93,5.55,42.99,5.565,
43.38,5.58,43.26,5.595,41.31,5.61,41.22,5.625,42.
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69,5.64,41.94,5.655,42.42,5.67,41.85,5.685,40.26,
5.7,41.1,5.715,41.91,5.73,40.83,5.745,41.43,5.76,4
2.03,5.775,43.35,5.79,43.23,5.805,43.92,5.82,43.9
5,5.835,42.3,5.85,43.59,5.865,45.3,5.88,45.33,5.89
5,46.26,5.91,45.51,5.925,43.65,5.94,44.85,5.955,4
6.08,5.97,44.76,5.985,44.88,6,42.18,6.015,41.88,6.
03,41.94,6.045,42.06,6.06,42.36,6.075,40.65,6.09,
40.74,6.105,42.18,6.12,41.13,6.135,41.61,6.15,40.
95,6.165,39.45,6.18,40.98,6.195,42.18,6.21,41.16,
6.225,41.49,6.24,40.41,6.255,39.96,6.27,42.24,6.2
85,40.35,6.3,41.16,6.315,40.38,6.33,38.13,6.345,4
1.1,6.36,41.67,6.375,39.84,6.39,40.95,6.405,40.23,
6.42,38.37,6.435,41.01,6.45,39.72,6.465,38.46,6.4
8,41.16,6.495,41.04,6.51,40.86,6.525,41.19,6.54,4
0.89,6.555,40.77,6.57,40.95,6.585,40.17,6.6,38.91,
6.615,38.73,6.63,39.66,6.645,39.54,6.66,38.7,6.67
5,37.98,6.69,38.64,6.705,39.93,6.72,41.1,6.735,40.
11,6.75,38.52,6.765,40.53,6.78,40.65,6.795,41.91,
6.81,43.56,6.825,42.93,6.84,42.96,6.855,44.58,6.8
7,44.64,6.885,44.28,6.9,43.89,6.915,41.79,6.93,42.
27,6.945,43.32,6.96,42.75,6.975,42.21,6.99,41.28,
7.005,41.85,7.02,42.27,7.035,41.91,7.05,41.22,7.0
65,39.03,7.08,38.37,7.095,39.51,7.11,39.81,7.125,
38.43,7.14,37.62,7.155,37.86,7.17,38.28,7.185,37.
89,7.2,36.39,7.215,35.28,7.23,36.06,7.245,37.14,7.
26,38.94,7.275,37.17,7.29,37.68,7.305,38.55,7.32,
36.54,7.335,36.99,7.35,37.02,7.365,34.68,7.38,35.
43,7.395,36.33,7.41,34.2,7.425,34.98,7.44,35.82,7.
455,35.34,7.47,38.04,7.485,38.4,7.5,37.56,7.515,3
7.08,7.53,37.62,7.545,39.36,7.56,40.11,7.575,39.4
2,7.59,39.81,7.605,41.13,7.62,42.57,7.635,43.2,7.6
5,42.87,7.665,42.45,7.68,43.02,7.695,44.43,7.71,4
4.1,7.725,43.56,7.74,43.47,7.755,44.13,7.77,44.34,
7.785,42.72,7.8,43.29,7.815,41.25,7.83,39.09,7.84
5,40.98,7.86,39.36,7.875,37.11,7.89,39.24,7.905,3
8.4,7.92,37.56,7.935,40.02,7.95,38.16,7.965,37.14,
7.98,39.24,7.995,37.02,8.01,36.6,8.025,35.91,8.04,
34.92,8.055,35.58,8.07,35.85,8.085,35.64,8.1,35.1
3,8.115,34.92,8.13,35.79,8.145,36.72,8.16,36.15,8.
175,35.79,8.19,36.09,8.205,36.69,8.22,37.95,8.235
,37.47,8.25,33.9,8.265,35.19,8.28,32.64,8.295,33.5
7,8.31,35.4,8.325,31.86,8.34,32.82,8.355,34.92,8.3
7,32.31,8.385,33.69,8.4,33.51,8.415,29.57,8.43,31.
23,8.445,31.29,8.46,27.29,8.475,28.83,8.49,27.72,
8.505,28.32,8.52,29.11,8.535,27.81,8.55,27.47,8.5
65,26.25,8.58,25.2,8.595,26.33,8.61,26.76,8.625,2
6.04,8.64,24.46,8.655,21.21,8.67,22.64,8.685,25.6
3,8.7,24.57,8.715,22.42,8.73,19.33,8.745,18.65,8.7
6,22.6,8.775,20.2,8.79,16.46,8.805,17.7,8.82,21.1,
8.835,22.6,8.85,23.42,8.865,22.04,8.88,20.69,8.89
5,21.34,8.91,22.18,8.925,22.97,8.94,24.12,8.955,2
2.93,8.97,22.21,8.985,25.22,9,29.43,9.015,28.94,9.
03,29.56,9.045,29.02,9.06,27.78,9.075,28.28,9.09,
29.71,9.105,29.2,9.12,28.94,9.135,27.4,9.15,26.23,
9.165,28.16,9.18,29.75,9.195,27.46,9.21,24.62,9.2
25,22.41,9.24,22.56,9.255,22.63,9.27,23.35,9.285,
24.02,9.3,18.01,9.315,16.2,9.33,19.98,9.345,17.05,
9.36,17.84,9.375,18.71,9.39,11.06,9.405,11.78,9.4
2,17.98,9.435,15.02,9.45,16.61,9.465,16.87,9.48,1
1.89,9.495,16.59,9.51,18.88,9.525,20.95,9.54,19.7
2,9.555,14.83,9.57,14.21,9.585,12.71,9.6,15.5,9.61
5,16.82,9.63,14.74,9.645,9.147,9.66,7.446,9.675,9.
066,9.69,14.28,9.705,14.97,9.72,12.13,9.735,5.328
,9.75,4.977,9.765,10.38,9.78,16.9,9.795,11.39,9.81
,9.885,9.825,9.417,9.84,9.822,9.855,17.81,9.87,21.

75,9.885,18.19,9.9,12.32,9.915,16.22,9.93,21.38,9.

945,24.77,9.96,23.72,9.975,17.22,9.99,11.06
Extend Max = On
Extend Min = On
Option = One Dimensional
END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m~-1 s/~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m”-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa la 180° fata de directia de
curgere ,viteza 0-60 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F20.18,F21.18,F22.18,F23.18
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F19.18
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
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U = MyVelX(t)
V =0 [ms”"-1]
W =0 [ms~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface
Boundary Type = WALL
Location = F25.18,F26.18,F27.18
BOUNDARY CONDITIONS:
MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement
Send to ANSYS = Total Force
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END
FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F24.18
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END
FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END
FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END
FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0[ms~-1]
W =0 [ms~-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END

END
FLOW:

SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File =

E:/teza/ansys/antena_rotation_180g/v_0_60/antena
10_180.inp
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Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 10 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.01 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration
END
TIME STEPS:
Option = Coupling Timesteps
END
END
END
FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:
Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops
END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = 1e-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END
LIBRARY:
CEL:
FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation

Result Units = [m s~-1]
INTERPOLATION DATA:
Data Pairs =

0,0,0.01,0.06,0.02,0.12,0.03,0.18,0.04,0.24,0.05,0.
3,0.06,0.36,0.07,0.42,0.08,0.48,0.09,0.54,0.1,0.6,0
.11,0.66,0.12,0.72,0.13,0.78,0.14,0.84,0.15,0.9,0.1
6,0.96,0.17,1.02,0.18,1.08,0.19,1.14,0.2,1.2,0.21,1
.26,0.22,1.32,0.23,1.38,0.24,1.44,0.25,1.5,0.26,1.5
6,0.27,1.62,0.28,1.68,0.29,1.74,0.3,1.8,0.31,1.86,0
.32,1.92,0.33,1.98,0.34,2.04,0.35,2.1,0.36,2.16,0.3
7,2.22,0.38,2.28,0.39,2.34,0.4,2.4,0.41,2.46,0.42,2
52,0.43,2.58,0.44,2.64,0.45,2.7,0.46,2.76,0.47,2.8
2,0.48,2.88,0.49,2.94,0.5,3,0.51,3.06,0.52,3.12,0.5
3,3.18,0.54,3.24,0.55,3.3,0.56,3.36,0.57,3.42,0.58,
3.48,0.59,3.54,0.6,3.6,0.61,3.66,0.62,3.72,0.63,3.

8,0.64,3.84,0.65,3.9,0.66,3.96,0.67,4.02,0.68,4.08,
0.69,4.14,0.7,4.2,0.71,4.26,0.72,4.32,0.73,4.38,0.

4,4.44,0.75,4.5,0.76,4.56,0.77,4.62,0.78,4.68,0.79,
4.74,0.8,4.8,0.81,4.86,0.82,4.92,0.83,4.98,0.84,5.0
4,0.85,5.1,0.86,5.16,0.87,5.22,0.88,5.28,0.89,5.34,
0.9,5.4,0.91,5.46,0.92,5.52,0.93,5.58,0.94,5.64,0.9
5,5.7,0.96,5.76,0.97,5.82,0.98,5.88,0.99,5.94,1,6,1
.01,6.06,1.02,6.12,1.03,6.18,1.04,6.24,1.05,6.3,1.0
6,6.36,1.07,6.42,1.08,6.48,1.09,6.54,1.1,6.6,1.11,6
.66,1.12,6.72,1.13,6.78,1.14,6.84,1.15,6.9,1.16,6.9
6,1.17,7.02,1.18,7.08,1.19,7.14,1.2,7.2,1.21,7.26,1
.22,7.32,1.23,7.38,1.24,7.44,1.25,7.5,1.26,7.56,1.2
7,7.62,1.28,7.68,1.29,7.74,1.3,7.8,1.31,7.86,1.32,7
.92,1.33,7.98,1.34,8.04,1.35,8.1,1.36,8.16,1.37,8.2
2,1.38,8.28,1.39,8.34,1.4,8.4,1.41,8.46,1.42,8.52,1
143,8.58,1.44,8.64,1.45,8.7,1.46,8.76,1.47,8.82,1.4
8,8.88,1.49,8.94,1.5,9,1.51,9.06,1.52,9.12,1.53,9.1
8,1.54,9.24,1.55,9.3,1.56,9.36,1.57,9.42,1.58,9.48,
1.59,9.54,1.6,9.6,1.61,9.66,1.62,9.72,1.63,9.78,1.6
4,9.84,1.65,9.9,1.66,9.96,1.67,10.02,1.68,10.08,1.6
9,10.14,1.7,10.2,1.71,10.26,1.72,10.32,1.73,10.38,
1.74,10.44,1.75,10.5,1.76,10.56,1.77,10.62,1.78,10
68,1.79,10.74,1.8,10.8,1.81,10.86,1.82,10.92,1.83,
10.98,1.84,11.04,1.85,11.1,1.86,11.16,1.87,11.22,1
.88,11.28,1.89,11.34,1.9,11.4,1.91,11.46,1.92,11.5
2,1.93,11.58,1.94,11.64,1.95, 11.76,1.97

1
11.82,1.98,11.88,1.99,11.94,2,12,
2.12,2.03,12.18,2.04,12.24,2.05,1
07,12.42,2.08,12.48,2.09,12.54,2.
,2.12,12.72,2.13,12.78,2.14,12.84,2.15,12.9,2.16,1
2.96,2.17,13.02,2.18,13.08,2.19,13.14,2.2,13.2,2.2
1,13.26,2.22,13.32,2.23,13.38,2.24,13.44,2.25,13.5
,2.26,13.56,2.27,13.62,2.28,13.68,2.29,13.74,2.3,1
3.8,2.31,13.86,2.32,13.92,2.33,13.98,2.34,14.04,2.
35,14.1,2.36,14.16,2.37,14.22,2.38,14.28,2.39,14.3
4,2.4,14.4,2.41,14.46,2.42,14.52,2.43,14.58,2.44,1
4.64,2.45,14.7,2.46,14.76,2.47,14.82,2.48,14.88,2.
49,14.94,2.5,15,2.51,15.06,2.52,15.12,2.53,15.18,2
.54,15.24,2.55,15.3,2.56,15.36,2.57,15.42,2.58,15.
48,2.59,15.54,2.6,15.6,2.61,15.66,2.62,15.72,2.63,
15.78,2.64,15.84,2.65,15.9,2.66,15.96,2.67,16.02,2
.68,16.08,2.69,16.14,2.7,16.2,2.71,16.26,2.72,16.3
2,2.73,16.38,2.74,16.44,2.75,16.5,2.76,16.56,2.77,
16.62,2.78,16.68,2.79,16.74,2.8,16.8,2.81,16.86,2.
82,16.92,2.83,16.98,2.84,17.04,2.85,17.1,2.86,17.1
6,2.87,17.22,2.88,17.28,2.89,17.34,2.9,17.4,2.91,1
7.46,2.92,17.52,2.93,17.58,2.94,17.64,2.95,17.7,2.
96,17.76,2.97,17.82,2.98,17.88,2.99,17.94,3,18,3.0
1,18.06,3.02,18.12,3.03,18.18,3.04,18.24,3.05,18.3
,3.06,18.36,3.07,18.42,3.08,18.48,3.09,18.54,3.1,1
8.6,3.11,18.66,3.12,18.72,3.13,18.78,3.14,18.84,3.

2
1
2
6
3
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15,18.9,3.16,18.96,3.17,19.02,3.18,19.08,3.19,19.1

4,3.2,19.2,3.21,19.26,3.22,19.32,3.23,19.38,3.24,1

9.44,3.25,19.5,3.26, 9 19.68,3.

29,19.74,3.3,1 2 33,19.98

,3.34,20.0 5,20. ,3.37,20.22,3.38,2
46,3.42,20.52

6

4 0.1,3.36,20. 2
0.28,3.39,20.34,3.4,20.4,3.41,20.46,3.42, 3.4
3,20.58,3.44,20.64 5 2

8 0

1

6 2
19.56,3.27,19.62,3.28,
,19.8,3.31,19.86,3.32,19.92,3.
3.3 1 16 2
3 3.4,20 20 2
.58, .64,3.45,20.7,3.46,20.76,3.47,20.82
,3.48,20.88,3.49,20.94,3.5,21,3.51,21.06,3.52,21.1
2,3.53,21.18,3.54,21.24,3.55,21.3,3.56,21.36,3.57,
21.42,3.58,21.48,3.59,21.54,3.6,21.6,3.61,21.66,3.
62,21.72,3.63,21.78,3.64,21.84,3.65,21.9,3.66,21.9
6,3.67,22.02,3.68,22.08,3.69,22.14,3.7,22.2,3.71,2
2.26,3.72,22.32,3.73,22.38,3.74,22.44,3.75,22.5,3.
76,22.56,3.77,22.62,3.78,22.68,3.79,22.74,3.8,22.8
,3.81,22.86,3.82,22.92,3.83,22.98,3.84,23.04,3.85,
23.1,3.86,23.16,3.87,23.22,3.88,23.28,3.89,23.34,3
9,23.4,3.91,23.46,3.92,23.52,3.93,23.58,3.94,23.6
4,3.95,23.7,3.96,23.76,3.97,23.82,3.98,23.88,3.99,
23.94,4,24,4.01,24.06,4.02,24.12,4.03,24.18,4.04,2
4.24,4.05,24.3,4.06,24.36,4.07,24.42,4.08,24.48,4.
09,24.54,4.1,24.6,4.11,24.66,4.12,24.72,4.13,24.78
,4.14,24.84,4.15,24.9,4.16,24.96,4.17,25.02,4.18,2
5.08,4.19,25.14,4.2,25.2,4.21,25.26,4.22,25.32,4.2
3,25.38,4.24,25.44,4.25,25.5,4.26,25.56,4.27,25.62
,4.28,25.68,4.29,25.74,4.3,25.8,4.31,25.86,4.32,25.
92,4.33,25.98,4.34,26.04,4.35,26.1,4.36,26.16,4.37
,26.22,4.38,26.28,4.39,26.34,4.4,26.4,4.41,26.46,4.
42,26.52,4.43,26.58,4.44,26.64,4.45,26.7,4.46,26.7
6,4.47,26.82,4.48,26.88,4.49,26.94,4.5,27,4.51,27.
06,4.52,27.12,4.53,27.18,4.54,27.24,4.55,27.3,4.56
,27.36,4.57,27.42,4.58,27.48,4.59,27.54,4.6,27.6,4.
61,27.66,4.62,27.72,4.63,27.78,4.64,27.84,4.65,27.
9,4.66,27.96,4.67,28.02,4.68,28.08,4.69,28.14,4.7,
28.2,4.71,28.26,4.72,28.32,4.73,28.38,4.74,28.44,4
.75,28.5,4.76,28.56,4.77,28.62,4.78,28.68,4.79,28.
74,4.8,28.8,4.81,28.86,4.82,28.92,4.83,28.98,4.84,
29.04,4.85,29.1,4.86,29.16,4.87,29.22,4.88,29.28,4
.89,29.34,4.9,29.4,4.91,29.46,4.92,29.52,4.93,29.5
8,4.94,29.64,4.95,29.7,4.96,29.76,4.97,29.82,4.98,
29.88,4.99,29.94,5,30,5.01,30.06,5.02,30.12,5.03,3
0.18,5.04,30.24,5.05,30.3,5.06,30.36,5.07,30.42,5.
08,30.48,5.09,30.54,5.1,30.6,5.11,30.66,5.12,30.72
,5.13,30.78,5.14,30.84,5.15,30.9,5.16,30.96,5.17,3
1.02,5.18,31.08,5.19,31.14,5.2,31.2,5.21,31.26,5.2
2,31.32,5.23,31.38,5.24,31.44,5.25,31.5,5.26,31.56
,5.27,31.62,5.28,31.68,5.29,31.74,5.3,31.8,5.31,31.
86,5.32,31.92,5.33,31.98,5.34,32.04,5.35,32.1,5.36
,32.16,5.37,32.22,5.38,32.28,5.39,32.34,5.4,32.4, 5.
41,32.46,5.42,32.52,5.43,32.58,5.44,32.64,5.45,32.
7,5.46,32.76,5.47,32.82,5.48,32.88,5.49,32.94,5.5,
33,5.51,33.06,5.52,33.12,5.53,33.18,5.54,33.24,5.5
5,33.3,5.56,33.36,5.57,33.42,5.58,33.48,5.59,33.54
,5.6,33.6,5.61,33.66,5.62,33.72,5.63,33.78,5.64,33.
84,5.65,33.9,5.66,33.96,5.67,34.02,5.68,34.08,5.69
,34.14,5.7,34.2,5.71,34.26,5.72,34.32,5.73,34.38,5.
74,34.44,5.75,34.5,5.76,34.56,5.77,34.62,5.78,34.6
8,5.79,34.74,5.8,34.8,5.81,34.86,5.82,34.92,5.83,3
4.98,5.84,35.04,5.85,35.1,5.86,35.16,5.87,35.22,5.
88,35.28,5.89,35.34,5.9,35.4,5.91,35.46,5.92,35.52
,5.93,35.58,5.94,35.64,5.95,35.7,5.96,35.76,5.97,3
5.82,5.98,35.88,5.99,35.94,6,36,6.01,36.06,6.02,36
.12,6.03,36.18,6.04,36.24,6.05,36.3,6.06,36.36,6.0
7,36.42,6.08,36.48,6.09,36.54,6.1,36.6,6.11,36.66,
6.12,36.72,6.13,36.78,6.14,36.84,6.15,36.9,6.16,36

.96,6.17,37.02,6.18,37.08,6.19,37.14,6.2,37.2,6.21,

37.26,6.22,37.32,6.23,37.38,6.24,37.44,6.25,37.5,6

.26,37.
8,6.31,
,38.1,6.36,38.16,6.37,38.
6.4,38.4,6.41,38.46,6.42,
64,6.45,38.7,6.46,38.76,6.
,38.94,6.5,39,6.51,39.06,6.52,39
4,39.24,6.55,39.3,6.56,3 .5
,6.59,39.54,6.6,39.6,6.
78,6.64,39.84,6.65,39
,40.08,6.69,40.14.,6.7,40.2,
73,40.38,6.74,40.44,6.75,4
2,6.78,40.68,6.79,40.74,6.
0.92,6.83,40.98,6.84,41.04,6.85,
87,41.22,6.88,41.28,6.89,41.34,6.9,41.
,6.92,41.52,6.93,41.58,6.94,41.64,6.95,41.7,6.96,4
1.76,6.97,41.82,6.98,41.88,6.99,41.94,7,42,7.01,42
.06,7.02,42.12,7.03,42.18,7.04,42.24,7.05,42.3,7.0
6,42.36,7.07,42.42,7.08,42.48,7.09,42.54,7.1,42.6,
7.11,42.66,7.12,42.72,7.13,42.78,7.14,42.84,7.15,4
2.9,7.16,42.96,7.17,43.02,7.18,43.08,7.19,43.14,7.
2,43.2,7.21,43.26,7.22,43.32,7.23,43.38,7.24,43.44
,7.25,43.5,7.26,43.56,7.27,43.62,7.28,43.68,7.29,4
3.74,7.3,43.8,7.31,43.86,7.32,43.92,7.33,43.98,7.3
4,44.04,7.35,44.1,7.36,44.16,7.37,44.22,7.38,44.28
,7.39,44.34,7.4,44.4,7.41,44.46,7.42,44.52,7.43,44.
58,7.44,44.64,7.45,44.7,7.46,44.76,7.47,44.82,7.48
,44.88,7.49,44.94,7.5,45,7.51,45.06,7.52,45.12,7.5
3,45.18,7.54,45.24,7.55,45.3,7.56,45.36,7.57,45.42
,7.58,45.48,7.59,45.54,7.6,45.6,7.61,45.66,7.62,45.
72,7.63,45.78,7.64,45.84,7.65,45.9,7.66,45.96,7.67
,46.02,7.68,46.08,7.69,46.14,7.7,46.2,7.71,46.26,7.
72,46.32,7.73,46.38,7.74,46.44,7.75,46.5,7.76,46.5
6,7.77,46.62,7.78,46.68,7.79,46.74,7.8,46.8,7.81,4
6.86,7.82,46.92,7.83,46.98,7.84,47.04,7.85,47.1,7.
86,47.16,7.87,47.22,7.88,47.28,7.89,47.34,7.9,47.4
,7.91,47.46,7.92,47.52,7.93,47.58,7.94,47.64,7.95,
47.7,7.96,47.76,7.97,47.82,7.98,47.88,7.99,47.94,8
,48,8.01,48.06,8.02,48.12,8.03,48.18,8.04,48.24,8.
05,48.3,8.06,48.36,8.07,48.42,8.08,48.48,8.09,48.5
4,8.1,48.6,8.11,48.66,8.12,48.72,8.13,48.78,8.14,4
8.84,8.15,48.9,8.16,48.96,8.17,49.02,8.18,49.08,8.
19,49.14,8.2,49.2,8.21,49.26,8.22,49.32,8.23,49.38
,8.24,49.44,8.25,49.5,8.26,49.56,8.27,49.62,8.28,4
9.68,8.29,49.74,8.3,49.8,8.31,49.86,8.32,49.92,8.3
3,49.98,8.34,50.04,8.35,50.1,8.36,50.16,8.37,50.22
,8.38,50.28,8.39,50.34,8.4,50.4,8.41,50.46,8.42,50.
52,8.43,50.58,8.44,50.64,8.45,50.7,8.46,50.76,8.47
,50.82,8.48,50.88,8.49,50.94,8.5,51,8.51,5
2,51.12,8.53,51.18,8.54,51.24,8.55,51.3,8.56,51.36
,8.57,51.42,8.58,51.48,8.59,51.54,8.6,51.6,8.61,51.
66,8.62,51.72,8.63,51.78,8.64,51.84,8.65,51.9,8.66
,51.96,8.67,52.02,8.68,52.08,8.69,52.14,8.7,52.2,8.
71,52.26,8.72,52.32,8.73,52.38,8.74,52.44,8.75,52.
5,8.76,52.56,8.77,52.62,8.78,52.68,8.79,52.74,8.8,
52.8,8.81,52.86,8.82,52.92,8.83,52.98,8.84,53.04,8
.85,53.1,8.86,53.16,8.87,53.22,8.88,53.28,8.89,53.
34,8.9,53.4,8.91,53.46,8.92,53.52,8.93,53.58,8.94,
53.64,8.95,53.7,8.96,53.76,8.97,53.82,8.98,53.88,8
.99,53.94,9,54,9.01,54.06,9.02,54.12,9.03,54.18,9.
04,54.24,9.05,54.3,9.06,54.36,9.07,54.42,9.08,54.4
8,9.09,54.54,9.1,54.6,9.11,54.66,9.12,54.72,9.13,5
4.78,9.14,54.84,9.15,54.9,9.16,54.96,9.17,55.02,9.
18,55.08,9.19,55.14,9.2,55.2,9.21,55.26,9.22,55.32
3

56,6.27,37. 37.74,6.3,37.
37.86,6.32, 34,38.04,6.35
8, .39,38.34,
8.58,6.44,38.
4 8 88,6.49
,6.53,39.18,6.5
58,39.48
,6.63,39.
.02,6.68
72 40.32,6.
6 6.77,40.6
6,6.82,4
6 41.16,6.

4,6.91,41.46

OO

’

:“‘oo

~\‘.z>.:’>ooo

9
2

,51.06,8.5

,9.23,55.38,9.24,55.44,9.25,55.5,9.26,55.56,9.27,5
5.62,9.28,55.68,9.29,55.74,9.3,55.8,9.31,55.86,9.3
2,55.92,9.33,55.98,9.34,56.04,9.35,56.1,9.36,56.16
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,9.37,56.22,9.38,56.28,9.39,56.34,9.4,56.4,9.41,56.
46,9.42,56.52,9.43,56.58,9.44,56.64,9.45,56.7,9.46
,56.76,9.47,56.82,9.48,56.88,9.49,56.94,9.5,57,9.5
1,57.06,9.52,57.12,9.53,57.18,9.54,57.24,9.55,57.3
,9.56,57.36,9.57,57.42,9.58,57.48,9.59,57.54,9.6,5
7.6,9.61,57.66,9.62,57.72,9.63,57.78,9.64,57.84,9.
65,57.9,9.66,57.96,9.67,58.02,9.68,58.08,9.69,58.1
4,9.7,58.2,9.71,58.26,9.72,58.32,9.73,58.38,9.74,5
8.44,9.75,58.5,9.76,58.56,9.77,58.62,9.78,58.68,9.
79,58.74,9.8,58.8,9.81,58.86,9.82,58.92,9.83,58.98
,9.84,59.04,9.85,59.1,9.86,59.16,9.87,59.22,9.88,5
9.28,9.89,59.34,9.9,59.4,9.91,59.46,9.92,59.52,9.9
3,59.58,9.94,59.64,9.95,59.7,9.96,59.76,9.97,59.82
,9.98,59.88,9.99,59.94,10,60

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m”-1 s/~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL: Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m~-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END

Simularea curgerii peste structura antenei
pozitionata cu axa la 135° fata de directia de
curgere, la perete

, viteza rafala 30 m/s

FLOW:
DOMAIN:Default Domain
BOUNDARY:freewalls
Boundary Type = WALL
Location = F23.21,F24.21,F26.21
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = Free Slip
END
END
END

END
END

FLOW:
DOMAIN:Default Domain
BOUNDARY:inlet
Boundary Type = INLET
Location = F22.21
BOUNDARY CONDITIONS:
FLOW REGIME:
Option = Subsonic
END
MASS AND MOMENTUM:
Option = Cartesian Velocity Components
U = MyVelX(t)
V =0[ms~-1]
W =0 [ms~-1]
END
MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:interface
Boundary Type = WALL
Location = F18.21,F19.21,F20.21
BOUNDARY CONDITIONS:
MESH MOTION:
ANSYS Interface = FSIN_1
Option = ANSYS MultiField
Receive from ANSYS = Total Mesh
Displacement
Send to ANSYS = Total Force
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END

FLOW:
DOMAIN:Default Domain
BOUNDARY:outlet
Boundary Type = OPENING
Location = F27.21
BOUNDARY CONDITIONS:
FLOW DIRECTION:
Option = Normal to Boundary Condition
END
FLOW REGIME:
Option = Subsonic
END
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MASS AND MOMENTUM:
Option = Opening Pressure si Direction
Relative Pressure = 0 [Pa]

END

MESH MOTION:
Option = Stationary

END
TURBULENCE:
Option = Medium Intensity si Eddy Viscosity
Ratio
END
END
END
END
END
FLOW:

DOMAIN:Default Domain
BOUNDARY:wall
Boundary Type = WALL
Location = F25.21
BOUNDARY CONDITIONS:
MESH MOTION:
Option = Stationary
END
WALL INFLUENCE ON FLOW:
Option = No Slip
END
WALL ROUGHNESS:
Option = Smooth Wall
END
END
END
END
END

FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
DOMAIN MOTION:
Option = Stationary
END
END
END
END

FLOW:
DOMAIN:Default Domain
DOMAIN MODELS:
REFERENCE PRESSURE:
Reference Pressure = 1 [atm]
END
END
END
END

FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENCE MODEL:
Option = k epsilon
END
END
END
END

FLOW:
DOMAIN:Default Domain
FLUID MODELS:
TURBULENT WALL FUNCTIONS:
Option = Scalable
END
END
END
END

FLOW:
INITIALISATION:
Option = Automatic
INITIAL CONDITIONS:
Velocity Type = Cartesian
CARTESIAN VELOCITY COMPONENTS:
Option = Automatic with Value
U = MyVelX(t)
V =0[ms~-1]
W =0 [ms”-1]
END
EPSILON:
Option = Automatic with Value
EN
K:
Option = Automatic with Value
END
STATIC PRESSURE:
Option = Automatic with Value
Relative Pressure = 0 [Pa]
END
END
END
END

FLOW:
SIMULATION TYPE:
Option = Transient
EXTERNAL SOLVER COUPLING:
ANSYS Input File = C:/ansys/antena
wall/v30/v30/antenal0_wall_135.inp
Option = ANSYS MultiField
COUPLING TIME CONTROL:
COUPLING INITIAL TIME:
Option = Automatic
END
COUPLING TIME DURATION:
Option = Total Time
Total Time = 9.99 [s]
END
COUPLING TIME STEPS:
Option = Timesteps
Timesteps = 0.015 [s]
END
END
END
INITIAL TIME:
Option = Coupling Initial Time
END
TIME DURATION:
Option = Coupling Time Duration

END
TIME STEPS:
Option = Coupling Timesteps
END
END
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END

FLOW:
SOLVER CONTROL:
ADVECTION SCHEME:
Option = High Resolution
END
CONVERGENCE CONTROL:
Maximum Number of Coefficient Loops = 3
Minimum Number of Coefficient Loops = 2
Timescale Control = Coefficient Loops
END
CONVERGENCE CRITERIA:
Residual Target = 1.E-4
Residual Type = RMS
END
EXTERNAL SOLVER COUPLING CONTROL:
COUPLING DATA TRANSFER CONTROL:
Convergence Target = 1e-3
Under Relaxation Factor = 0.75
END
COUPLING STEP CONTROL:
Maximum Number of Coupling Iterations = 10
Minimum Number of Coupling Iterations = 1
SOLUTION SEQUENCE CONTROL:
Solve ANSYS Fields = After CFX Fields
END
END
END
TRANSIENT SCHEME:
Option = Second Order Backward Euler
TIMESTEP INITIALISATION:
Option = Automatic
END
END
END
END

LIBRARY:
CEL:

FUNCTION:MyVelX
Argument Units = [s]
Option = Interpolation
Result Units = [m s”~-1]
INTERPOLATION DATA:

Data Pairs =
0,14.81,0.015,10.74,0.03,9.981,0.045,14.29,0.06,1
6.36,0.075,15.2,0.09,14.36,0.105,11.94,0.12,12.92,
0.135,16.6,0.15,16.16,0.165,15.53,0.18,14.79,0.19
5,12.21,0.21,14.2,0.225,16.64,0.24,15.24,0.255,13.
79,0.27,12.3,0.285,15.14,0.3,13.57,0.315,14.07,0.3
3,16.53,0.345,12.56,0.36,12.32,0.375,12.62,0.39,1
2.35,0.405,14.23,0.42,13.84,0.435,10.05,0.45,10.3
2,0.465,8.79,0.48,11.98,0.495,15.93,0.51,9.108,0.5
25,10.93,0.54,10.03,0.555,9.702,0.57,16.25,0.585,
12.87,0.6,1.171,0.615,8.67,0.63,10.93,0.645,11.09,
0.66,14.14,0.675,10.75,0.69,3.261,0.705,8.853,0.7
2,14.29,0.735,15.1,0.75,14.2,0.765,14.17,0.78,17.3
8,0.795,11.71,0.81,16.67,0.825,19.92,0.84,11.84,0.
855,16.02,0.87,18.99,0.885,15.29,0.9,20.49,0.915,
22.16,0.93,16.55,0.945,20.88,0.96,22.64,0.975,19.
51,0.99,22.58,1.005,17.87,1.02,19.42,1.035,18.52,
1.05,19.54,1.065,20.23,1.08,19.3,1.095,20.39,1.11,
21.02,1.125,18.31,1.14,20.43,1.155,20.89,1.17,21.
36,1.185,21.76,1.2,19.13,1.215,18.47,1.23,21.58,1.
245,21.24,1.26,17.43,1.275,20.02,1.29,19.97,1.305

,19.64,1.32,23,1.335,21.6,1.35,18.57,1.365,21.19,1
.38,22.81,1.395,21.19,1.41,22.84,1.425,21.74,1.44,
18.74,1.455,19.99,1.47,21.72,1.485,19.79,1.5,19.8
4,1.515,20.1,1.53,20.98,1.545,20.63,1.56,20.85,1.5
75,21.2,1.59,19.83,1.605,20.67,1.62,23.15,1.635,2
2.06,1.65,22.62,1.665,24.04,1.68,21.52,1.695,23.9
8,1.71,26.4,1.725,25.42,1.74,24.6,1.755,24.5,1.77,
24.59,1.785,25.06,1.8,25.48,1.815,26.95,1.83,27.7
6,1.845,27.43,1.86,26.99,1.875,27.32,1.89,27.12,1.
905,26.6,1.92,25.8,1.935,25.77,1.95,25.16,1.965,2
5.79,1.98,25.63,1.995,27.06,2.01,26.87,2.025,27.2
6,2.04,26.42,2.055,28.72,2.07,28.18,2.085,26.45,2.
1,27.88,2.115,25.47,2.13,25.66,2.145,28.89,2.16,2
7.24,2.175,27.02,2.19,28.17,2.205,26.15,2.22,28.4,
2.235,29.59,2.25,25.37,2.265,26.97,2.28,22.68,2.2
95,26.39,2.31,28.85,2.325,24.57,2.34,27.68,2.355,
25.78,2.37,22.27,2.385,29.2,2.4,27.16,2.415,24.77,
2.43,28.55,2.445,25.09,2.46,26.45,2.475,31.56,2.4
9,29.66,2.505,32.79,2.52,30.87,2.535,31.68,2.55,3
6.15,2.565,34.41,2.58,35.01,2.595,35.88,2.61,34.4
7,2.625,37.77,2.64,38.58,2.655,36.57,2.67,37.92,2.
685,37.41,2.7,38.4,2.715,40.98,2.73,39.72,2.745,3
9.57,2.76,39.87,2.775,37.98,2.79,39.78,2.805,38.5
5,2.82,37.92,2.835,38.85,2.85,37.26,2.865,38.55,2.
88,39.54,2.895,38.61,2.91,39.69,2.925,37.92,2.94,
37.47,2.955,39.51,2.97,38.52,2.985,36.96,3,38.13,
3.015,36.48,3.03,37.59,3.045,38.64,3.06,35.7,3.07
5,35.85,3.09,37.62,3.105,36.18,3.12,36.24,3.135,3
4.23,3.15,30.87,3.165,34.44,3.18,34.74,3.195,33.8
1,3.21,33.21,3.225,29.83,3.24,32.1,3.255,31.41,3.2
7,30.78,3.285,32.61,3.3,31.02,3.315,30.72,3.33,32.
94,3.345,30.51,3.36,30.3,3.375,32.67,3.39,30.03,3.
405,31.26,3.42,32.01,3.435,28.79,3.45,30.72,3.465
,29.95,3.48,29,3.495,29.82,3.51,30.75,3.525,30.12,
3.54,27.68,3.555,29.4,3.57,30.39,3.585,30.42,3.6,3
1.08,3.615,29.03,3.63,29.07,3.645,31.02,3.66,31.5,
3.675,30.57,3.69,29.94,3.705,27.82,3.72,29.3,3.73
5,29.88,3.75,30.96,3.765,31.17,3.78,33.36,3.795,3
2.1,3.81,32.58,3.825,34.47,3.84,32.28,3.855,30.24,
3.87,33.42,3.885,32.01,3.9,31.47,3.915,32.88,3.93,
31.02,3.945,31.32,3.96,33.57,3.975,31.59,3.99,33.
12,4.005,31.5,4.02,29.49,4.035,30.87,4.05,29.75,4.
065,29.49,4.08,31.05,4.095,28.95,4.11,29.19,4.125
,29.83,4.14,27.92,4.155,30.9,4.17,32.58,4.185,27.6
6,4.2,28,4.215,29.04,4.23,30.21,4.245,31.74,4.26,2
9.23,4.275,31.44,4.29,33.12,4.305,31.17,4.32,31.7
7,4.335,30.99,4.35,28.58,4.365,28.1,4.38,29.83,4.3
95,30.54,4.41,32.01,4.425,28.56,4.44,27.6,4.455,3
1.05,4.47,33.39,4.485,32.91,4.5,28.13,4.515,27.78,
4.53,27.48,4.545,29.47,4.56,30.3,4.575,26.9,4.59,2
5.37,4.605,27.3,4.62,28.59,4.635,31.08,4.65,31.32,
4.665,27.39,4.68,28.15,4.695,31.53,4.71,33.39,4.7
25,35.1,4.74,34.38,4.755,32.88,4.77,34.32,4.785,3
4.65,4.8,36.21,4.815,35.94,4.83,33.75,4.845,34.71,
4.86,35.79,4.875,37.17,4.89,39.66,4.905,39.27,4.9
2,37.89,4.935,39.15,4.95,38.94,4.965,39.24,4.98,4
0.65,4.995,38.49,5.01,36.57,5.025,36.48,5.04,38.4
9,5.055,39.36,5.07,38.46,5.085,37.77,5.1,36.03,5.1
15,35.85,5.13,37.95,5.145,37.29,5.16,35.49,5.175,
35.22,5.19,34.14,5.205,34.98,5.22,36.48,5.235, 35.
1,5.25,33.24,5.265,32.82,5.28,35.07,5.295,35.94, 5.
31,37.41,5.325,38.31,5.34,36.84,5.355,38.13,5.37,
41.58,5.385,41.28,5.4,41.61,5.415,41.97,5.43,40.0
5,5.445,40.32,5.46,42.3,5.475,42.03,5.49,42.42,5.5
05,41.55,5.52,41.55,5.535,42.93,5.55,42.99,5.565,
43.38,5.58,43.26,5.595,41.31,5.61,41.22,5.625,42.
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69,5.64,41.94,5.655,42.42,5.67,41.85,5.685,40.26,
5.7,41.1,5.715,41.91,5.73,40.83,5.745,41.43,5.76,4
2.03,5.775,43.35,5.79,43.23,5.805,43.92,5.82,43.9
5,5.835,42.3,5.85,43.59,5.865,45.3,5.88,45.33,5.89
5,46.26,5.91,45.51,5.925,43.65,5.94,44.85,5.955,4
6.08,5.97,44.76,5.985,44.88,6,42.18,6.015,41.88,6.
03,41.94,6.045,42.06,6.06,42.36,6.075,40.65,6.09,
40.74,6.105,42.18,6.12,41.13,6.135,41.61,6.15,40.
95,6.165,39.45,6.18,40.98,6.195,42.18,6.21,41.16,
6.225,41.49,6.24,40.41,6.255,39.96,6.27,42.24,6.2
85,40.35,6.3,41.16,6.315,40.38,6.33,38.13,6.345,4
1.1,6.36,41.67,6.375,39.84,6.39,40.95,6.405,40.23,
6.42,38.37,6.435,41.01,6.45,39.72,6.465,38.46,6.4
8,41.16,6.495,41.04,6.51,40.86,6.525,41.19,6.54,4
0.89,6.555,40.77,6.57,40.95,6.585,40.17,6.6,38.91,
6.615,38.73,6.63,39.66,6.645,39.54,6.66,38.7,6.67
5,37.98,6.69,38.64,6.705,39.93,6.72,41.1,6.735,40.
11,6.75,38.52,6.765,40.53,6.78,40.65,6.795,41.91,
6.81,43.56,6.825,42.93,6.84,42.96,6.855,44.58,6.8
7,44.64,6.885,44.28,6.9,43.89,6.915,41.79,6.93,42.
27,6.945,43.32,6.96,42.75,6.975,42.21,6.99,41.28,
7.005,41.85,7.02,42.27,7.035,41.91,7.05,41.22,7.0
65,39.03,7.08,38.37,7.095,39.51,7.11,39.81,7.125,
38.43,7.14,37.62,7.155,37.86,7.17,38.28,7.185,37.
89,7.2,36.39,7.215,35.28,7.23,36.06,7.245,37.14,7.
26,38.94,7.275,37.17,7.29,37.68,7.305,38.55,7.32,
36.54,7.335,36.99,7.35,37.02,7.365,34.68,7.38,35.
43,7.395,36.33,7.41,34.2,7.425,34.98,7.44,35.82,7.
455,35.34,7.47,38.04,7.485,38.4,7.5,37.56,7.515,3
7.08,7.53,37.62,7.545,39.36,7.56,40.11,7.575,39.4
2,7.59,39.81,7.605,41.13,7.62,42.57,7.635,43.2,7.6
5,42.87,7.665,42.45,7.68,43.02,7.695,44.43,7.71,4
4.1,7.725,43.56,7.74,43.47,7.755,44.13,7.77,44.34,
7.785,42.72,7.8,43.29,7.815,41.25,7.83,39.09,7.84
5,40.98,7.86,39.36,7.875,37.11,7.89,39.24,7.905,3
8.4,7.92,37.56,7.935,40.02,7.95,38.16,7.965,37.14,
7.98,39.24,7.995,37.02,8.01,36.6,8.025,35.91,8.04,
34.92,8.055,35.58,8.07,35.85,8.085,35.64,8.1,35.1
3,8.115,34.92,8.13,35.79,8.145,36.72,8.16,36.15,8.
175,35.79,8.19,36.09,8.205,36.69,8.22,37.95,8.235
,37.47,8.25,33.9,8.265,35.19,8.28,32.64,8.295,33.5
7,8.31,35.4,8.325,31.86,8.34,32.82,8.355,34.92,8.3
7,32.31,8.385,33.69,8.4,33.51,8.415,29.57,8.43,31.
23,8.445,31.29,8.46,27.29,8.475,28.83,8.49,27.72,
8.505,28.32,8.52,29.11,8.535,27.81,8.55,27.47,8.5
65,26.25,8.58,25.2,8.595,26.33,8.61,26.76,8.625,2
6.04,8.64,24.46,8.655,21.21,8.67,22.64,8.685,25.6
3,8.7,24.57,8.715,22.42,8.73,19.33,8.745,18.65,8.7
6,22.6,8.775,20.2,8.79,16.46,8.805,17.7,8.82,21.1,
8.835,22.6,8.85,23.42,8.865,22.04,8.88,20.69,8.89
5,21.34,8.91,22.18,8.925,22.97,8.94,24.12,8.955,2
2.93,8.97,22.21,8.985,25.22,9,29.43,9.015,28.94,9.
03,29.56,9.045,29.02,9.06,27.78,9.075,28.28,9.09,
29.71,9.105,29.2,9.12,28.94,9.135,27.4,9.15,26.23,
9.165,28.16,9.18,29.75,9.195,27.46,9.21,24.62,9.2
25,22.41,9.24,22.56,9.255,22.63,9.27,23.35,9.285,
24.02,9.3,18.01,9.315,16.2,9.33,19.98,9.345,17.05,
9.36,17.84,9.375,18.71,9.39,11.06,9.405,11.78,9.4
2,17.98,9.435,15.02,9.45,16.61,9.465,16.87,9.48,1
1.89,9.495,16.59,9.51,18.88,9.525,20.95,9.54,19.7
2,9.555,14.83,9.57,14.21,9.585,12.71,9.6,15.5,9.61
5,16.82,9.63,14.74,9.645,9.147,9.66,7.446,9.675,9.
066,9.69,14.28,9.705,14.97,9.72,12.13,9.735,5.328
,9.75,4.977,9.765,10.38,9.78,16.9,9.795,11.39,9.81
,9.885,9.825,9.417,9.84,9.822,9.855,17.81,9.87,21.

75,9.885,18.19,9.9,12.32,9.915,16.22,9.93,21.38,9.
945,24.77,9.96,23.72,9.975,17.22,9.99,11.06

Extend Max = On

Extend Min = On

Option = One Dimensional

END
END
END

END

LIBRARY:
MATERIAL:Air at 25 C
PROPERTIES:
DYNAMIC VISCOSITY:
Dynamic Viscosity = 1.831E-05 [kg m~-1 s~

1]
Option = Value

END

END
END
END
LIBRARY:
MATERIAL:Air at 25 C
PROPERTIES:

EQUATION OF STATE:
Density = 1.185 [kg m”-3]
Molar Mass = 28.96 [kg kmol~-1]
Option = Value

END

END
END
END

COMMAND FILE:
Version = 11.0
END

BUPT



