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Hydrodynamic characteristics and motion simulation of flying-wing dish-
shaped autonomous underwater glider

WANG Jingiang, WANG Cong, WEI Yingjie, ZHANG Chengju

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; To improve the hydrodynamic performance and gliding economy of general dish-shaped underwater
vehicles, a newly flying-wing dish-shaped autonomous underwater glider has been designed in this paper. The SST
(Shear Stress Transmission) flow model in the computational fluid dynamic mechanics has been used to investigate
the hydrodynamic characteristics including drag coefficient, lift coefficient , moment coefficient and lift drag ratio
from 0 to 21°. A good agreement is between the experimental results and the numerical results, and flying-wing
dish-shaped autonomous underwater glider has more excellent hydrodynamic performance and gliding economy. In
addition, the six-degree-of freedom dynamics and kinematics equations of motion has been presented based on the
multi-body dynamics with considering the vary velocities of moving sliders and the pump system quality to simulate
typical gliding movement characteristics. The simulation results illustrate that the flying-wing dish-shaped
autonomous underwater glider has certain stability and possibility of underwater movement.

Keywords: underwater glider; hydrodynamic simulation; motion simulation; hydrodynamic characteristics;

computational fluid dynamics
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Fig.2 Mass distribution of the underwater glider

KN HEFHLE TR m R

m=m, +m, +m, +m.

s my, ol B, BRSNS R RS AR
B m, GNP AS T H, H TE
HHAHL A, KRR TREA P, =
Cror o, 1% my MBI RS U Ot | TR
FAMUBRIR A1, SR i ol IR bR R P RAE N r, =
[ FrsTuysTue ) 3 my NTESIIRB RGBT 6, (3 T
K HEFIBLIE O AL, SEELTE AL T ikl iz 3h.
WG Z AR g 2 I AT HUK R S LIS R 3
EIrRH

(X (r, X fo) +

Trexli ’

. m
p = Z Sois
i=1
. m
w= (2
i=1

n
j=1

K
Pp = mpgk + /;l f‘m(ne»vmass ’ (3)

K
pb = mbgk + 2 fba]]asl—-mass ’
k=1

K
pw = mwgk + Z f‘m()ve»vmass'
k=1

Kb p L w SRR B AHLZEUE R T Ry sh i
M p, p, p, 70010 F% 3 e 3
BeL) B 1 PR BB R 3 £, L m
G FAEAK S WAL L RS I RT3 5 v, b
IIER A RN R AR

AP I 5350 KR WL R GEAE Rl ZR iy



5 4 1]

Fni, 4 WYL K T YL 3h 518 sk - 133 -

S ME; P, P, P, 55 E R I R
P DL R P A A R P i R A
BEAAR 22 BB P AR A 1 A

P =RP,

w=RIl +b xp,

p, =RP,, (4)
p, =RP,,

p. =RP,.

43X (4) XFi R AT AR 3 3 72 Rk T

p=R(P+02xP),

w=R(IT+Q xIT) +RV xp +b xp,
p,=R(P, +2xP), (5)

I;b:R(Pb +Q02xP,),

p,=R(P, +2xP,).
B (5 MA(3) HAERIK T IR G AE
BEIR R T ah 2 ik

P=P XQ+RT§‘,fextia
i=1
H=HXQ+PXV+RT(i(xi -r) Xfo) +
i=1
RTX”; ﬂ(‘xli’
j=1

K
> _ T T
Pp - Pp X 'Q + mpg< R k) + R ]; -ﬁnuve»«mass b

K
Pb = Pb x Q + mbg<RTk) + RT 2 -f‘l)allaat~mass ’
k=1

move ~ mass *

K
P,=P,x2+mg(R'k) +R" Y f
k=1

(6)

AP ETPIIE RIS K T W FIHLN B Sl 22 T R,
A (1) (2) LRI R GLiz g7 1.
2 RH AL

N T HEAE A K AL (B 1) YK
IR RSO L 5 50K T 18 FIPL Seaglider (51
B 2) F AR BRI KT AL (R 3) St [a] kAT
ARSI 5 L IR LS AT RS Lo b K R 1
FHULMTSEOLRE 1.

x1 HELMSH
Tab.1 Geometric parameters of models
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Fig.3 Mesh generation of underwater glider
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Fig.4 Verification of numerical simulation results
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Fig.5 Drag cofficient over the angle of attack
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Fig.8 Lift drag ratio over the angle of attack
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Tab.2 The hydrodynamic performance comparisons
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Tab.3  Hydrodynamic cofficient of the model
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Tab.4  Geometric parameters of the underwater glider
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Fig.9 Simulation results of sawtooth motion
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