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A Numerical and Experimental Investigation of Effect of Control Surface
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper the effect of horizontal control surfaces (stern fins) angle on the drag force of the
Received 17 August 2014 Subsea R&D Autonomous Underwater Vehicle (AUV) is investigated using both experimental fluids

Accepted 28 September 2014

Available Online 15 November 2014 dynamic and numerical fluids dynamic methods. The experiments were conducted in the Subsea

R&D towing tank using a 1:1 scale model of the AUV at various stern angles, and in a speed range of 1

Keywords: to 3 m/s. A pair of NACA shaped struts was used to connect the AUV to the carriage dynamometer.

Autonomous Underwater Vehicle The stern drag force was experimentally calculated at various stern angles and towing speeds. The
Control Surfaces results obtained by experimental method were compared with those obtained numerically by
Computational Fluids Dynamic commercial computational fluid dynamics CFX code. Both experimental and numerical results
.Er’ée\z;'g‘.‘lf;:i' Fluids Dynamic showed that as the stern angle increases, the total AUV drag force increases, and the drag force
coefficient can be estimated by a second order polynomial. The results showed that, at a speed of
1.5m/s, as the stern angle increases to 45 degrees, the drag coefficient increases up to 174 percent It
was also observed that at a specific stern angle, the drag force due to stern fin increases with the AUV
speed. Variation of axial force as a function of stern angle was determined by using both
experimental and numerical methods. The results obtained by both methods showed that the
expensive experiments conducted in towing tanks can be replaced by numerical simulations.
) 3 5 ) .. ) .
Luli b azlse Cgo )0 5 oo o0l Cpmnd e | s 3 ooseny 99 31 S0 00 ol 03018 Ll g s (glaol, I (S gd o s
) ) 2 1 <
. . e PO A e b ‘s STEY iy el 0des o
ol 0l g e (IS ok 5l (618 oo D j0B (il alax 5l calitee s O (9 9T et by sl 95
1- Manned
3- Autonomous Underwater Vehicle 2- Unmanned
Please cite this article using: “lod o3liw! Jod @yl 5l dlis opl @ gla )l (gl

E.Javanmard, Sh. Mansoorzadeh, A.R. Pishevar, A Numerical and Experimental Investigation of Effect of Control Surface Angle on an Autonomous Underwater Vehicle Drag,
Modares Mechanical Engineering, Vol. 14, No. 16, pp. 358-366, 2015 (In Persian)



Ve 9 3 peilgs plwal

) Siasigh il K3 Sl S8 22 S Tokaws Q913 p3l 1) 9 S G

s &S > o plowl s by, 2 S5

3y ol 4 s Dppots Ly oye o (1) 2 alaly e el
[5]09,.;@ ools Ll X olei b aS 555 0

1
X=- (E pch)quI 1)
ahio mhuw A 5 b, g 90 Slay oy g (Jlw aiilop Q—| o &S
‘09..'::‘5@ ools QL...: Xulul Oyg A éﬁ.al.gos)..\?m Olaiie P}QA@ )|
il e iy ad BB el oas @il (2) a0 oS 5 )90h

P S S
uhdl = Bl 0w _(2 Pea ) @

oy 3 Gale X = Kygulul Sjpen 1) (1) abal; g cnlple
Ol b )3 by 2 3)ly 6597 (59 At @8lg;0 Ky (Sesliadg en
Ry S5 S5 Ol Of R LS b oS sy walys o5 >
Loby Soa Jle cnl peend b10)S apulons olgsds Cep 0 0 1) L)
2 ead oy sloyslas g Ly ol oS> ol azye i
Oyt 5 Soelinog e Dlatie pagae)l eoliiwl b 1) alise slacyg>

~[6]°)5 Ol Seoladg e il o

SRy 9 Swlidgind iy gl gl Sy by -3
G ol 39 ool ploxif
Pl gloces plosl Jalis (Soolinsgion <ilio 55505 slo s,
el gz ilbe VL Soaliys 5l onlial L EiS amig> (s,
el (925 e Lally Sl oslaiul g (xla ) psled S Ggel Ol
Jozee (Sealadgpien copo b canlite il (aBalel g, 50
)5 Jlosl jobid a4y (2uiS azmde> 31, (IS >

O3 slid of o o8 (Sl glacus Jed 5l esle laialej]
L Slodazn prilSe 4 gdon oole L8 > azmds> 59,0 gile plovl
(g Bl aghy b e alo gl L) calise slacansg ,o olid g 35l
N N N - IRy
ol olopilSe 51 ool piline aBiles] iy, 4 (Seolinog o
Slacws anS Jlesl bt a1y LS 90 slaygile 5 US> wiilny oS

1 4 . .3 .

lopgesl ol et 1 Tlmbo 5> lacas 5 T2 sk
G|t (glazans oS GL“’QSAJ—‘ 5 solaul S50 o5l ..\.M.;L:Ga
S ) G g aygile (23S azdg> Jsb o jglid S (ed oS
erised [13-7] gzl e iS5 o Jloel 5kt 40 5B L 5 881 Sl
Seoladg e o b canlitie S50 50 &5 Sl (025 slagiegl
ol 00l oolazul QT C')"d"‘" S (2 GL‘”‘_;’S) )‘l é; jl ‘)L..: 3,90

1- Towing tank
2- Carriage

3- Rotating arm
4- Planar motion
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1- Stern

2- Strut

3- Dynamometer
4- Load cell
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3- Shear Stress Transport
4- Turbulence Intensity
5- Free Slip

6- No Slip

7- Nose
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1- Earth-Fixed frame
2- Body-Fixed frame
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1- Prism
2- Expansion Factor
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