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Investigation the effects of temperature gradients and distance from heat
source on isotropy of convective air turbulent medium using moiré based
wave front sensor

Ebrahim Mohammadi Razi* %, Reza Shokoohi *
YFaculty of Physics, Department of Basic sciences, University of Bojnord, Bojnord, Iran, P. O. Box:1339
2Department of physics, Institute of advance Studies in Basic Science, Zanjan, Iran, P. O. Box: 14195-1159

Abstract- In this paper the isotropy of convective air turbulence in different heights from heat source and in presence of
different temperature gradients has been investigated using study of phase structure function (PSF). Accordingly for having
controlled conditions, the convective air turbulence similar to atmospheric mode was produced using electrical heater in the
lab. The plane wave was propagated through the turbulent medium. The light's Wave front was reconstructed using moiré
based wave front sensor at the end of the turbulence path. Using the wave front sensor data, the phase structure function of
the light was calculated in two directions, perpendicular to the light beam path. Comparison of PSF in two directions, the
isotropy of turbulent medium has been studied in presence of different temperature gradients and in different height from heat
source. Experimental results show that the laboratory convective air turbulence is anisotropic medium. In addition, the
anisotropy was strong in high temperature gradients and near the heat source.

Keywords: Phase Structure Function, Convective turbulence, Wave front sensor, Turbulence isotropy

AVY
aib g yiws b8 WWW.OPSLLIF colu o a8 cul jLiel slls 5,90 5 allie oyl

/U/ e e ( >
55 g odsls — v,

,/;: 24" Iranian Conference on Optics and Photonics (ICOP 2018) and ERE

9* Iranian Conference on Photonics Engineering and Technology (ICPET 2018) 5) ﬂ /3


http://www.opsi.ir/article-1-1433-fa.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

\WAS ags YY) -

0 e pblie e 5l gie 4 S (5 tentle Ve
i3 VYA o3l o 1, oSpF sbes glis) ja s S
ax ;0 YA slod mupioe Vb a0 Ve Sl b ol Kssle
Voooo Lo o y0 .cul Gigels S5 a5 b a4 by ye
Slole S bawgs (8l 5 gog0s ole 328 5 g
Sgdoo Cod 4l )3 pgal Vo Zepw b zoe (a4 AU
3O 7o M Ve ‘""‘"r“L.’Cs*’ S Voo am e
T e B el b e el (g5ll BB 4l
Ol 69y 2 delos g oo dnle zao g2 Sl eoliial b

Sy g plxl

I ey 9 5 ol -F

&b pgs CoSuli sailes )0 oo 4> sileil I
[#logss o ammlone 5 abal; oo ] 36 5L

D, (F) :<\¢(F§+ F) —¢)(F§)r>, o

99 3 5B polie ol & (D(ﬁ +7) ¢(§) ol &S
Lo 63,5lnn oy sl iib o R+T SR b
S OSeS ghe 2 ogee 5 il sl bl) 5o el
P Opden et (Wghoo pamie Y 9 X b i @
slod OLAF o)F g 5l 85 alolh cle 4 Y b,
4 05 gl Sl 4 a2 bogdla 2utls malss (g3g0e
Sl 5 X slialy 55 dpdices 5 Sy SLlS ol
Aloglite oo b Loly 90 50 Lo obolS Ve ls Lo
P Slpe 4 S5 e p 3ges sl yo Lo bl S
e adlioe SpS gl Gilpe cwz 5o kel
Sad 5Sp,8 5l @it slaglu )l o wglate sles 3929
15 85 asSilon el Sslie cilisee slaglis ) )5 5 Wb
S gbodls 5l zge saez silil sl wb o LI VL
55 5 S 0l 95 an o3liul zse ager AllSss (slojle
o a5 el ond LSS o 1 gas (sloyle @i il
lassl buwl) 2 dgae)linl) G 53 99,8 ayly Syl JUS
L oeSose w el Sl eslinal b slei e s Soslul
et 595 3l P90 295l han AliSie L )3 o a4
ol o B LSl ab cale 5o et gl Zae agex
L zse e 5l (bli ) Gl sln 0gdon mns Ll 90
e s Sl s 5 o 5l Aol S 4y i, Sy o a8
ErS Sl G S s Al |y o] 5l 3L
05 00 plmil Zso dgez Gl axe alold o (sl leald]
slegye ez Sl gy » 1 GxS Sk el 0

50 Les o 0 10 s oo plomil Les o o o (g3l

AYY¥

IRl SE5598 (5,9l8 g (owiige il IS e § Sgied 9 Sl il ,45T (o) lor g e

doddio —)

Joe a5 cal oads @) il sl Jae b oM (5,65
O SR8 4 azgi b g9z ol anllla oIl oL (05
Lol ool Pl Glbls )| g iorw slroje> 3l (6 ke o
Sledyd nl Goges Djge @ g sbaaY I s jee o
e a4, Sl js sezs cpl byl oYL Ll
gl Su33 sl ) (pgaty (Bl Glo s 13 52 ol
IXW u’l’;)‘}f Joe opl 3l slaa>de B szbdb:;u'l )
L, @l pae el asul sy oo Sl 4y ot Y-Vl
By S galS Juw alez 5l bW slo Jos b (55> Wb
ol & cwl Wb (60 Siluws 5 Kew Ols 3 ool
Oiwe 2 Fye Jolse gyn il Ol sl » e
b o bol 3 da (bl 9> (60,5l 5 Kol
ol Hlgdd Yl 97 BN G092 S5 BB e 4 4z g
AW L_J).l-; Jm‘;w Ql?u‘ l.: b ol ooy ot wbjf u..:“ L
slonbol § 56 ey e Soop sl alie Wb
Alee 2 ) @leS g Jl alold 15U 55 5 it oleo

ke (o) 2 (69 Slunanls

ooyl plovus Y

o Lflams o plas 1) LaalejT Sleas 5l slolga b V IS
b il OFY z9e Jsb L NA-YAG 3 5 pleaz ool
e L 3)ly 5 00l (silge Jol oSl I oslanul
Veodes sl b (Bp oSpS S0l dgdee (Hyen
5 Lo bol,S bl sl meas BB sloo b e yreniils
e oy sy alin 28,00 pbdis e bl 5
G5 555 5t pbie Lagmee 31 el oty ssliil e
JB 15l Gz mse stz B 53 5 S8l Dygo @
P30 235l bawgs obMie Lanmme 3l 69 55 el (o
ol 0slS a5 cwse Ky 5l esliial b g5 ol S e 2l 0
S 0)ly yeS k8 L el Gl pgd CoSels (85T 2
Sz (L o9z 09d o0 mae aez AL 9o slojle
—o0ls 3 solitul b el oais oylo [0l g po jo Jaie job @
2 bW Lo 5l 55500 )5 mae S8z S (0l o
S Silk 5l an 0edoe (55l ped DSl gailas
Dgdier dmsle (1) alal) &jgo 4 o] 5B 3Ll &b 25
e 2 @beS el Aol SE ey Sl
Ae Yo ¥ Slaglis )l 5l )5 )98 ebdie Lasmme (63,Kluonls

a3l g yiws B WWW.OPSLLIF colu jo 45 el jlael glls 590 ,0 allis oy


http://www.opsi.ir/article-1-1433-fa.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

\WAS ags YY) -

Turbulent Media,
Indoor Convective
Ajr Tubulence

IRl SE5598 (5,9l8 g (owiige il IS e § Sgied 9 Sl il ,45T (o) lor g e

Deflection
Angle

4 cco

4

%\DF -\

L A ]
s

G3 G

4_&

-

G1 G2

B %
-

LV
The First The second
Schmidt - Schmidt -
Cassegrain Cassegrain
Telescope Heater Telescope

BS CL 90 e Sl Sl zee stz AU 50 slojle K g9, 50 9, aSuds 9o 5l oolatul ML:)T Oleawz 5l loylg> bV S

r)rad®)
%

D
1]
=

D.(r)(mdz)

D, (r)(rad?)

+ 1=23%
- T=30C
+ T=40"C

T=50%C
+ T=60°C

T=70"C
© T-80°C

(it

_______

- =28
- T=30"C
- T=40°C
- T=60°C
- =70
- T=80°C

(«

T=28"C
T=t0%
T=50"C

D¢(r)(rnd2)

T=60"C
© T=10"C
T=80"C
+ T=00"C
T=120°C
+ T=140°C
I+ T=1s50°C
+ T=160°C
bbby ————— 1

+
FISSRISRSSIOOIIREIRR e, (
EEFFEIESSFEERITISINIIININN =

12 16 =

.
*
i
Bt ssrreatsares
satiiia R nn

+ T=23"C
T=30"C
¢ T=40"C
T=50"C
+ T=60"C
T=70°C
< T=80"C
¢ T=90°C
T=100°C
T=120°C
+ T=130°C

(>

r(cm)

Jolsd 55y 9 X slinly 99 53 @y gz 5Bkl b Y IS5
25 Sr oSS 3l Gl Yool 5 Az Ye(o ¥ (!
o s gliie (slales

5 el Lls 1) Jlade o ytinn 60, 5laeals 5,05 o oSp,5
ail ey bla o dlols az e elas | 5 Lo SOy 3,0

AYD

ool aolie b oS clils pualys alize cqo g yo Lsle
o o e e (60 Sles LSl 2 o
axbaw 4 plgee | 56 sl 2 L8, S )5k ay 090
§ S sS alaii g0 (e alols T o a5 glagml Syl e
(r<lpewl Wb Ss oelde
oS bl o Aol a5 Glasb 5 (I <r <Ly
b (Som oolede 5| 555 S (o0 Al | L &5
o3b ;0 45 8 Klaad § Ko baze o yo (F > Ly el
Pl )l S (o0 Cond B9 S pelS Jue ) 8 (X
S P9 P> <Jsl
wls D (F)=cu 5 D (F)ocr**.D (F)ocr?
—o5lasl BB alols -y eSS aSol cde 4y iolejl ol jo 0g
Rl g Sl fiadee ¥odga> 0 Eae e 59, 0 65
Sl @l L8, 1A el (oD (59,0 (ulidie a5 ye 5l alals
oy pow 5 pg0 a4l Lol s oamlise LB ol 4l jo

Do oddline ¥ S j0 ol

4.3:>l3

Sy >l

b -¥

soglar )l jo Liuly g0 50 oud il B LSLe &L Y S
QLﬁAbQT@awg_&l::'ngLmLm)o}gjcfr:;}‘Jbéw
salbsly jo tizle mlg glas )l ISKS cpl 4y azgi b ano oo
oli8l S5 5l dlols pals 55 g Lo aljdl b caliee
s abal, (CF (b s L jlisle b glis )l ol oo
9 OSPS & Seop gshe ;o pbM Sal Ko Ol ol
23l &b odlay el yiis o] mhw YL slabes o
Sebie iy 5,5 s slales 5| S, b 53 L, 50
e e (60, Silueal caims lid el cpl a5 s
Shalold 15U e owyp lp el Lo Lol S jpa> o
F IS o @l gbbles jo (60,Kluwal lie 5 Sp S
329 0SS e @it glos jo Ll g0 o LSLle &l
S0 odd K 4y ax gl bl 0uls oy alisee glas )l g0

gl Jl s teniile ¥ el )| 5l )5 a5 ol a5 350

a3l g yiws B WWW.OPSLLIF colu jo 45 el jlael glls 590 ,0 allis oy


http://www.opsi.ir/article-1-1433-fa.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

\WAS ags YY) -

pold Sl asl o Kilies WM L a5 K 0
odslie Liwly g0 jo 5B Lle Al avnglae b asl LS
» 6‘41.0[.9 =2 509 ‘5>Lo.> =2 )0 )L.>LM: é;l.: aS Sl 00l
S pbdis bme (%3 Sjle & i Goate K0S
Sl b (60 Kol e 09 ol 8 Kiluarl axe
ol e Gl 0T 5 alols gals 55y oSS sles
e glalase Judoo glp a5 a0 olid Gadss
°B)LU~ .b}o)’ oolaw! dj)f}oJS JJ.A )l 0‘33‘500 (5»5)-69
ols 5 g jtam los Lol S 1z oSl (695 sl om) 2
50 el (60, bhenl ioli8l cely gl )T e 4 SGo3

Ll ploel >

&=l o

[1] M. Bertolotti, M. Carnevale, B. Crosignani, P. Di Porto,
“Influence of Thermal Turbulence in a Convective
Ascending Stream on Phase Fluctuations of a Laser
Beam”, J. Appl. Opt. Vol. 8, No. 6, pp.1111-1114, 1969.

[2] V. P. Lukin, “Investigation of some peculiarities in the
structure of large scale atmospheric turbulence”, Proc.
SPIE, Vol. 2200, pp. 384-395, 1994.

[3] G. Funes, D. Gulich, L. Zunino, D. G. Perez, M.
Garavaglia, “Behavior of the laser beam wandering
variance with the turbulent path length”, Opt Commun.
Vol. 272, pp. 476-479, 2007.

(e b0 Wl s Sy ¢ ealpl sl e [F]
bee 5l e 59 40k gy aex slaall Ges”
SOl 2 sangs gbes slaglalS 8Ly (e (b3
otils (ol oy )l8 s 5 el o (LA (e
ATAY o ke Copt 5

[5] M. Dashti, S. Rasouli, “Measurement and statistical
analysis of the wave front distortion induced by
atmospheric turbulence using two channel wave-front
sensor moiré deflectometry », J. Opt., Vol. 14, 095704,
2012.

[6] L. C. Andrews, R. L Philips, Laser beam propagation
through random media, SPIE Press, 2005.

b )Ln] L_,’_M;))g" @l G Jgm,y ¢ p.,,sb|ﬁ| S5ly ez [V]
oS AL ge slole grwdl il 1 eolainl b 1 e
AV cagion (owge 8 olKils ¢yl ol G508

N

[]‘)o (r)—l')m(r)](rad")

-

[D, )-D, ()](rad’)

N4

IRl SE5598 (5,9l8 g (owiige il IS e § Sgied 9 Sl il ,45T (o) lor g e

L wloads al)l Wb sy sl a5 500 o Jow ples
A yS oo S 50 0 Silees 5 Ko S5 o5l yo ) Wb
Wb gl jbsle &b Ol 0 &5 Cawlesl o ok
b3 5 03l nl y3 (> a5 Cel nl il oo S 3l azs]
Jow 5l ez sleosls 05, 00 Uil 1 el & Siluenls
pbde 52 Al 4 az g LSS Cond B S selS abds
e alie (dulpd 5 e mhw gl o pgas
pln g 09,000 il 1 5l oKilesl jo oo sl
I o, Klosl oo @Y ol jo (B3 oy jo Lasl
—ools 5 Lay¥ pl jo aS 8y, e sl Bk 5l oS 4 o

+ =23
- 1=30'C
+ T=40"C
. - 1=50"C
IUUPEEEEE - 1=60’C

. T=70°C

SRR A P - 1=80°C

' ()

]

%

. T228°C
+ T=40°C
« T=30"C
© T=60°C

T=70°C
will | e T=socc
T=90"C
T=120°C
* T=140°C
T=150°C
........... * T=160°C
sesssIBEIINN

16

o
w0
"
H
s
.
:

= goootd

.

£
-
-
.

X
-
-

Tetgateretangs
Otgedesstorggany

0 4

(&

5o Lly 90 50 g age 3B JLsle 2l Bl S
9 &S OSpS  Gaerilo At (o el Y (I Lolsd
O s Sglae slales yo

S Az -0

sobdie b By 5,5 SOl eolaal b allas ol o
ooliiwl b o adg oKiuleyl Jo (s> b e jla
s b laze 5l g olnl CoU zge dgu eSds 9o 3l
39 790 s> g slo)le Kuo jloolaiwl b .ol ools
Lo kel pbie laors 5l o g pg0 oSiuds glal jo
)‘| A% (5,94 19 T SN ).iua u.:| ‘_ngoola )'| solazwl
50 5o 3B LEle Al e b glol oM Lo
gl Glod 5di b3 5 el (S5 s sjlse sl
ol alizee oo slaplol 3 L obdis lase Sp )5

a3l g yiws B WWW.OPSLLIF colu jo 45 el jlael glls 590 ,0 allis oy


http://www.opsi.ir/article-1-1433-fa.html
http://www.tcpdf.org

