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Fig. 1 Geometric model and principal dimensions of Suboff*"
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Fig. 2 Comparison of numerical and experimental™ results for Sub-
off hydrodynamic resistance

THT A A R

E1619 $2 g 22 57 40 &) 3 firoR, Hogh i S 80
FUTESE 1o BU(E TSR P W I 4 S B 02 e
e | 1B MR e 2 % 3 A fE 2E 1 500 r/min, Xf
UEINE 2 A WK PR BT P A2 sl ket (HLJE R UK
HE 1 ZR K, BB A% ) #EAT T R
] 4 S AN [R) 1 22 50T I iE 2 48 sl Rk 5 e ™
SEFLEXF G, AT LA R I T RO 4 R K R A
B3, B KR40 008 I R K, N

5 -
(\./ D4|i,‘ :{ h

(a) IEFLIA (ORIENES
B3 E1619 BRlesk LA
Fig.3 Geometric model of E1619 ropeller

F1 E1619 82HER S
Table 1 Parameters of E1619 propeller

4 il ZH ¢
HAED/mm 262 D,/D 0.226
B2 L 1.15 HLTH 0.608
PR 7 e 7 1h) payd
1.0
09l ——10K, EXP—— K, EXP ——p, EXP
0'8 =10 K, CFD -~ K, CFD =5, CFD
0.7 F
S 06F
<05t
X 04t
03F
02F
0.1F

011 Oj2 0j3 0j4 0j5 0?6 0?7 0:8 0:9 liO
HEERE S
Kl 4 El1619 IBfEdkiz st HuE 5 5™ xftt
Fig. 4 Comparison of numerical and experimental” results for
E1619 propeller hydrodynamic performance

5.26%. 11 ZE K, K 10.79% . W2 KRR g, K
3.75%, 156 WA FIF 5% FH PR 8500 3T T ek A A TR B 3
KR 38 SR S B T LA e

2 HERARESHK

21 HETEEBSHEIEEE

P54 K AR BB T AR R I R S TR,
A R K LS AN Ry f S 5 H X Fik 4
Fy, K 9 i RsF 48 510 1,107 mx0.273 mx0.159 m,
JR2 B8 R 43 T A2 A G L KT R HE sl b A X AR
T IR AR PRI . A I A
TR IR AL DL VP1304 B2 E AL N R 258 4 L
191 47 J30 ) 38 3k — A R AR O S AR A,
28 3L 1 JR B A B AR e BT T R a8, A TE L
I R E 2 A TR, R E 3 I R S A A R TR B Ry
0.5 mm, 45 IR e HESE SR WA 6 Fow, 2t Hik
SR T 2,

Bl 7 R BUE TR IR S R e T
KN R K BE 350, Fal¥ 150, % 1.6L By K57 1k

1.107 m

0279 m

K5 A G ST S LT R

Fig.5 Geometric dimensions of trans-medium submersible com-

putational model



o 2 1)

B 45 S MR A 5 PR s 2 2 MO0 R K R LA Sl R R e T 5 67

\[{/ - 'Sﬁ*~
\ | ———
e SERIER LA

Fig. 6 Geometrical model of a ducted propeller
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Fig. 18 Turning radius vs. propeller speed and tail fin deflection
angle under various conditions
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Fig. 23  Pressure coefficient distribution on the inner side surface
during turning with tail fin deflection angle for transmedium
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Investigation on the effects of ducted propeller and tail fin
deflection parameters on the underwater hydrodynamic
characteristics of trans-medium submersibles
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Abstract: [ Objective | This study aims to investigate the dynamic behavior and flow field characteristics of
trans-medium submersibles during underwater straight-line navigation and turning maneuvers. [ Method ] To
this end, computational fluid dynamics simulations were employed, using the VOF multiphase flow model and
the SST k—w turbulence model to establish a numerical model of the underwater navigation of the trans-medi-
um submersibles. The accuracy of the numerical method was validated by comparing the experimental total
drag data for the DARPA Suboff submarine model at various speeds with the numerical calculation results. On
this basis, numerical simulations and analyses of underwater straight-line navigation and turning maneuvers of
the trans-medium submersible were conducted, focusing on the effects of ducted propeller rotation speed and
tail fin deflection angle on the underwater straight-line navigation and turning performance of the
submersible. [ Results ] The research results indicate that during straight-line underwater navigation, the for-
ward speed of the trans-medium submersible exhibits an approximately linear relationship with the propeller's
rotational speed. For instance, as the propeller speed increases from 600 r/min to 4800 r/min, the forward
speed rises from 1.1 m/s to 8.1 m/s. At the same time, the pitch moment becomes less negative with increasing
propeller speed (from —0.35 N-m to —0.17 N-m), indicating that the submersible remains stable in pitch during
high-speed navigation. The propeller speed has little effect on the surface pressure distribution and the struc-
ture of the surrounding flow field. During underwater turning, the turning radius is mainly determined by the
tail fin deflection angle and is largely unaffected by the propeller speed. The turning radius decreases with in-
creasing tail fin deflection angle (from 3.35 times the submersible's body length to 0.75 times), though the rate
of decrease diminishes. In contrast, the turning speed is affected by both the propeller speed and the tail fin de-
flection angle. The thrust generated by both propellers increases with higher propeller speeds and larger tail fin
deflection angles. During turning, the thrust of the outer propeller consistently exceeds that of the inner pro-
peller, and the thrust difference increases with greater tail fin deflection. Furthermore, tail fin deflection dur-
ing turning leads to a significantly asymmetric surface pressure distribution on the submersible. This asymme-
try becomes more pronounced with increasing tail fin deflection and is closely associated with the asymmetric
flow characteristics of the surrounding flow field. [ Conclusion ] This study provides a reference for the de-
sign and performance analysis of trans-medium submersible configurations.

Key words: trans-medium submersible; underwater navigation; numerical simulation; turning maneu-
vers; computational fluid dynamics; turbulence models; ship propellers; submersibles
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