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The hydrodynamics of a control fin for an autonomous underwater vehicle (AUV) is modeled based on computational fluid
dynamics analysis (CFD). The fin is designed with a low aspect ratio and working in front of the propulsor, CFD tests consist of
control fin in uniform flow and fully appended vehicle, The test of control fin in uniform inflow examines the lift characteristics of

the low aspect ratio fin, The results confirms that the conventional rudder models underestimate

the lift force generation, The

influence of tip vortex generation is dominant to reduce the lift—to—drag ratio and delay stall at high angle of attack conditions,

The fully—appended vehicle tests consist of fin deflection, drift,

and circular motion tests, The effects of the propulsor on fin

hydrodynamics is found to be negligible, The inflow modeling by hydrodynamic force measurement is physically interpreted using

flow field analysis,
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Fol &H(Autonomous Underwater Vehicle, AUV)2 52+ Brizzolara, 2023).
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Fig. 1 Design of TL-AUV (top), vertical control fin (center),
and coordinate system (bottom)
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Fig. 2 Computational domain and boundary conditions for
3D control fin (top) and fully-appended vehicle
(bottom)
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Table 2 Test conditions

U o . o
imys] | 8 U1 |8 L1|r L]
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0 - 30
3D fin test - -
Fin deflection test 5 0

(fully-appended vehicle) 0 - 20 0

Drift and deflection test 0-5
Circular motion test 0 0 4-6
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Table 3 Results of grid dependency test

G, G, G,
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Fig. 4 Drag and lift coefficients (C), and C,) of 2D and
3D control fins in open water condition
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£, of 3D fin (s = 0.026m)

e Present study
- — = Fujii and Tuda. 1961
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Fig. 5 Lift gradient coefficient (f,) of 2D and 3D control
fins with respect to angle of attack (a )

ez 7ol 2STS HESIHAM & ol = XIE &
Ol e it w2iM 2xt YoM Afo| Lisks
X|AEct spxjek

o Z2H0ICRIE 3R12 HAljAS Alo]
[e]

mo| el ok dekg

gkl wAE ZEe Efel ARt DHsiEE
ap=0" &efo| g2 HM DEHE Qlet Aoz Hot FAIY
T ok M AC,=Cp— 02 ol3dl AUEAS
(Cy=1/Ci+(ACpH)*)E THIM fa% Alpke 2= Uct Fig
55 Al (17)2 Sall 718+ £, 2t Al (6)2] A8} Heket RS 0]
&et F-x[Q| H|uwo|c

Cy

o= sina g 17)

Fuji and Tuda (1961)0llM ket €42 a, =0" Z=Zof
Choll 2 od-to| et Al LIEKRtCE SR o 57t STt
of w2t 7,7t &S| Bokete Ae =elsiict. Wt £, o

S| tHaiM= Al (6)2 ARERE OlHE} o 5 12{sh 2
£ X8 Lot oot & ool Aol tist 37 2As Sl
Al (18)2 HeksINend, TL-AUVe| AA| CHAIAM ciekst A,

AL (
2ol ot F B —_rLoHOI: °|-E|-E'4 AR Fa,? =1 ==
10

mo

5

ol

It

fo =0.040a,+ 0.531 (18)

5.2 HhF4| o4

~AUVE] Rf3t siAf ZTloICh FRIURIHS 5
8 22 MEH-O—I A7) 458w py = 0.32301c, ol ot
wp2| HEHE siiMok=r| thall, Kim et al. (2024)2 FZ17|

(a)  Thrust identity analysis of self-propulsion test results
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Fig. 6 Longitudinal inflow speed of propeller (u ) estimated

by thrust identity method: (a) propeller open water
(POW) and self-propulsion test (SP) and (b) drift
test
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Fig. 7 Comparison of normal force (F},) of uniform flow

(UF), fin deflection tetst of bare hull without propulsor
(BH), and fully-appended vehicle (FAV)

ug/U in fin deflection test (f = 0%)
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Fig. 8 Comparison of longitudinal flow speed at control
fin (uz) and propulsor inflow speed (u p): bare hull
(BH), fully-appended vehicle (FAV), force meas
(FM), w (U), and u, (UT)
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