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Abstract: [ Objectives] In order to study the impact of the hydrodynamic performance of foil in the design of a wave

glider, [Methods ] on account of the characteristics of the oscillating foil when the wave glider is heaving, and based
on the Dynamic Fluid Body Interaction (DFBI) module in STAR-CCM + with the SST k-w turbulence model, the

passive oscillating process of foil when it is forced to heave is simulated. The effects of limit angles, wave heights and

frequencies on the thrust coefficient of NACA 0012 flapping foil are investigated. [ Results ] We find that the passive

rotation method can effectively simulate foil oscillating process, and its thrust coefficient is about 30% smaller than the

coefficient obtained by the active rotation method. Moreover, the maximum limit angle of a wave glider of around 20°

gives a better hydrodynamic performance. The numerical simulation result indicate that the thrust coefficient increases

with the increase of wave height and wave frequency in a certain region. [ Conclusions ] This can provide a reference

for propulsive performance and hydrodynamic performance under different states of the sea.
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0 Introduction

Since Hine et al."! pioneered the development of a
wave glider, as a marine device that directly converts
wave energy into forward kinetic energy, wave glid-
ers are widely used in long—term observation opera-
tions at sea. Because of its strong endurance, low

noise and other advantages ™

, wave glider has broad
application prospects in the detection of marine envi-
ronmental factors, marine disaster prediction and ma-
rine scientific research.

The foil is an important factor influencing the navi-
gation performance of a wave glider, so scholars in
the world have conducted a lot of research on the hy-

drodynamic performance of foil. Kraus ™ established
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a model to simulate the six—degrees—of—freedom of
various parts of the wave glider, indicating that the
performance was best when the oscillating angle of
the foil was 20°, and the hydrodynamic parameters
of the glider under different sea conditions were ob-
tained through simulation. Jia™ used FLUENT soft-
ware to study the influence of airfoil profile and oscil-
lating angle on the hydrodynamic characteristics of
the foil and found that the hydrodynamic perfor-
mance was better when the oscillating angle was 18°.
Sun et al.' carried out numerical simulation on the
active oscillation of the wings of fruit flies and it was
found that the dynamic average lift coefficient could
reach twice the quasi-static lift coefficient. Anders-

en et al. " performed numerical and experimental
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studies on active oscillating and active heaving oscil-
lation of a symmetric airfoil. It was found that the
wake flow fields of the two kinds of motion models
were similar, but for the heaving oscillation at low
frequency and high amplitude, two pairs of symmetri-
cal wake vortices were generated within one oscilla-
tion period. Hu™ calculated the entire glider and the
foil section by means of a combination of potential
flow and viscous flow, and obtained the optimal oscil-
lating angle of the foil at around 15°. Zhang et al.™
and Liu et al. "” used the Computational Fluid Dy-
namics (CFD) software to simulate the unsteady hy-
drodynamic performance of a two—dimensional rigid
foil oscillation according to the principle of oscillat-
ing fish tail fin.

In this paper, NACA 0012 is chosen as the airfoil
of gliders. For this airfoil, Ohtake et al. """ and Yo-
nemoto et al."” conducted extensive research and ob-
tained the performance parameters of the wing under

steady flow field. Read et al.'

13]

and Triantafyllou et
al." conducted experiments with a set of foil active
oscillation devices and analyzed the hydrodynamic
performance of the NACA 0012 foil under active os-
cillation and heaving oscillation. It was concluded
that unsmooth changes in the effective angle of at-
tack would degrade the foil performance. Schouveiler
et al. """, through the heaving oscillation and active
oscillation of the NACA 0012 airfoil following the si-
nusoidal law, obtained the conclusion that the Strou-
hal number St of the best propulsion efficiency was
0.25-0.35 and the hydrodynamic performance de-
creased when St was large in the test at the MIT tow-
ing pool. Because the wing of a wave glider has a pas-
sive rotation caused by heaving oscillation, the actu-
al motion of the wing simulated by the active motion
of the foil may have large errors. In the passive rota-
tion, it is necessary to consider the transient cou-
pling between the oscillation of the foil and the move-
ment of the flow field. It is also important to consider
the constraints imposed by the torque and the limit
angle of the foil movement in the flow field. Although
there is some difficulty in simulation, it is better for
the foil oscillation process. However, studies on the
passive oscillation of foil in unsteady flow field are
rarely involved at present.

In this paper, based on the Dynamic Fluid Body
Interaction (DFBI) module in STAR-CCM + soft-
ware and taking the NACA 0012 airfoil as the re-
search object, the passive rotation around its own
central axis caused by the heaving oscillation of the

wave,clider’s foil is simulated. The-thrust-ceefficient
I

of foil active rotation and passive rotation are com-
pared, and the influence of limit angle and wave pa-
rameters on foil performance is analyzed, so as to pro-
vide reference for the design and research of wave

gliders.

1 Theoretical overview

1.1 Motion theory of a wave glider

The motion theory of a wave glider is shown in
Fig.1(a) " A wave glider is composed of a surface
mother ship and an underwater glider. When the sur-
face mother ship rises with the waves, the cables will
be pulled tightly to drive the underwater glider up-
ward and the glider's foil will flip counterclockwise
due to the force of water. When the surface mother
ship descends with the wave, the cables loose, and
the water glider slides down freely. The foil oscil-
lates clockwise due to the counterforce of water. Con-
stant up and down oscillations will generate forward
thrusts, dragging the mother ship to continue to ad-
vance.

Fig.1(b) shows the results of the stress analysis of
the foil during wave fluctuations. As the foil ascends
with the wave, it is subjected to a downward hydrody-
namic action perpendicular to the wing surface,

which produces a horizontal component F_  and a

X

vertical component F . While descending with the
waves, the foil is subjected to an upward hydrody-
namic action perpendicular to the wing surface,
which also produces a horizontal component F, and
a vertical component F . During the process, the
is the propulsive

horizontal component force F,

force to move the wave glider forward. As shown in

(a) Motion diagram of the wave glider

Frope Frope
'] 4 F
Fyl d

v
G G
(b) Force analysis of the foil

Fig.1 yFhe motion-theary-of thepwayeglider
\
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Fig.1(b), the entire research object is simplified as
the foil model.

1.2 Passive motion equation of foil

The movement of the wave glider's foil is divided
into two parts: one is the translational motion in the
y —direction driven by the wave; the other is the pen-
dulum motion affected by the hydrodynamic force
during translation.

The vertical motion of the foil h(t) is

h(t) =h, sin(2xft) (1)
where ¢ is motion time; f is motion frequency; h, is
the vertical motion amplitude.

The passive motion equation of foil pendulum is

Jo=M(1) (2)
where J is the moment of inertia around the center
of gravity; @ is the angular acceleration of the foil's
passive rotation; M is the hydrodynamic moment
acting on the foil which can be obtained from the
pressure integral of foil surface. After integrating
Equation (2), the angular velocity 6 and the oscillat-
ing angle 6 can be obtained.

While designing the foil of a wave glider, when the
oscillating angle @ of the foil reaches the limit angle
0, ., the oscillating angle reaches its maximum value
until the torque is reversed, and the foil starts to os-
cillate in the opposite direction, which is

-0,<0<80, (3)
1.3 Active motion equation of foil

For the foil oscillation, if the active motion model
is adopted in both the vertical direction and the oscil-
lating direction, the motion law of the oscillating di-
rection 1s

o(t) =46, sin(2nft—y) (4)
where y is the phase difference between translation-
al motion and oscillating motion.

For active rotation, the effective angle of attack
a(t) is the actual attack angle formed between the
combined velocity of the horizontal flow velocity and
translation velocity and the oscillating angle of the

foil, which can be expressed as

a(t) = O(t) —arc tan [%} (5)

where h'(t) is the translational speed; U is the in-
flow velocity, i.e., the advance velocity of the foil.
Here, the similarity Strouhal number St in fluid

mechanics is introduced:

St=fAIU (6)
1

where A is the width of wake vortex in the transla-
tional direction, which is approximately expressed as
two times the translational amplitude, namely A =
2h, . After substituting it into Equation (6), the result
is St=2fh,/U . Combining with Equation (5), there is

0, =arc tan(aSt) - a,, (7)

where a,,, is the maximum effective angle of attack.

X

1.4 Thrust coefficient

The instantaneous thrust coefficient of foil is
Ct)= Fx(t)/(% pbsU 2) (8)

where F, (t) is the instantaneous thrust of the foil;
p is the density of water; b is the chord length of the
foil; s is the span of the foil.

The average thrust

F, of afoil in a cycle is defined as

- 1"
F = ?jo F,(t)dt (9)
where T is the rotation period of the foil.
The average thrust coefficient is

C(t):lfxl(%pbsuz) (10)
2 Numerical model and verification

2.1 Model parameters

The foil adopts the NACA 0012 airfoil where the
maximum thickness is located at 1/3 of the chord
length, as shown in Fig.2. The characteristic chord
length of the foil is 6=0.1 m and the oscillating axis

is located at the spot with the maximum thickness.

C‘-H"“H
S ™

Fig.2  Hydrofoil profile of NACA 0012

2.2 Numerical model

As shown in Fig.3, the computational domain of
the two—dimensional oscillating foil is 506x30b. The
surface is a circular calculation domain with a diame-
ter of 5b for the rotating motion of the wing. For the
boundary conditions, the left border, the upper and
lower borders are the speed inlets and the right bor-

der,is the pressure exit.
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Inlet
——
Rotating region
b
e
d=5b 306
Y NACA0012 foil
L.
17.5b——] 3250

Fig.3 Computational domain and boundary conditions

The SST k-w turbulence model is used for the calcu-
lation and the watershed is segmented using the
mesh of the STAR-CCM + software. As shown in
Fig.4, on the surface of the foil, an overset mesh with
no relative deformation and good numerical ex-
change is used and local encryption in the computa-
tional domain and wake flow area is performed. The
boundary has 30 layers and y+ is controlled strictly
less than 1. As for the foil motion, the DFBI module
in STAR-CCM + software is used to simulate the un-
dulating process by inputting the sinusoidal bound-
ary conditions of the upper and lower surface bound-
aries. Then, the DFBI module calculates the passive
rotation of the foil under heaving oscillation and con-
trols the maximum angle of rotation of the foil, name-
ly the limit angle 6,, through the single-de-

gree—of—freedom rotation module.

(a) Mesh scheme of the whole (b) Mesh scheme of the
computational domain
Fig.4 Mesh scheme
2.3 Numerical model validation

wing surface

In order to validate whether the established numer-
ical model satisfies the calculation requirements, it
is necessary to verify the mesh size, time step and re-

liability of the calculation results.

2.3.1 Validation of mesh size

In order to ensure the accuracy and efficiency of
the calculation, the lifting coefficients C, at the
fixed angles of the four mesh sizes are calculated, an-
alyzed and compared. Table 1 shows the values of
C, and relative errors (between the calculated and
experimental values) corresponding to the four mesh
sizes A1-A4 at a fixed angle of 5°. It can be ob-
served that the calculated value tends to be stable
from A2. According to the empirical analysis of the
airfoil, the C experimental value is generally slight-
ly less than the CFD calculated value. It can be ob-
served that the calculated value is very close to the

theoretical value.

Table 1 The mesh size validation

Mesh  Number of Number of Number of Theoretical ~ Experimental — Relative
Predicted C
size meshes overset meshes background value of C value of C_ error/%
Al 221574 180 401 41173 0.535078 0.548 311 0.511 2.47
A2 483 439 414 619 68 820 0.546 092 0.548 311 0.511 0.41
A3 654 312 563 258 91 054 0.546 114 0.548 311 0.511 0.40
A4 905 687 783 720 121 967 0.546 114 0.548 311 0.511 0.40

Fig.5 shows the pressure coefficient C distribu-

tion of the upper and lower wing surfaces with four
mesh sizes. It can be observed that: A2, A3 and A4
all coincide well. Al fluctuates at about 1/3 of the

upper surface. Combining with the flow field in this
area, it is found that boundary layer has a clear sepa-
ration. The mesh size of Al boundary layer is large

and cannot be accurately captured. Considering the

calculation amount and accuracy, A2 is selected as
) 0.0 0.2 0.4 0.6 038 1.0
the grid model. b

Fig.5 The pressure coefficient distribution of the wing surface

2.3.2 Validation of time step

with different meshes

STAR-CCM + software. The peak lift coefficient

Under the A2 model, the active heaving oscilla-
tion is applied to the foil to superimpose the rotation

around the tentep-through the Motion-module in, the Co max Mablé 2) is calculated taking the time steps
v \
\
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At as T,/100, T,/200, T,/300 and T, /400, respec-
tively. As can be seen from Table 2, in addition to

the time step of T,/100, the C

tions are close.

Lmax Of other condi-

Table 2 Time step validation of A2

Number of Number of Number of

AtIT, Cl max
meshes overset meshes  background
483 439 12 040 37236 1/100  2.228 72
483 439 24 357 37236 1/200  2.301 94
483 439 28916 122 490 1/300  2.310 18
483 439 28916 141 846 1/400  2.33072

Fig.6 shows the relationship between lift coeffi-
cient C_ and time T under different time steps.
Compared with other time steps, T;/100 shows a
large phase deviation at the peak fluctuation and the
number of peaks decreases. Considering the amount
of calculation and the accuracy of calculation,

At/T;=1/200 is chosen as the time step of the model.

" — At/T =1/100
== AT =1/200
weenees AT =1/300
== AT =1/400

24

0.0 1.5 3.0 4.5 6.0 7.5

T/s
Fig.6  The lift coefficient curve of active rotary motion under

different time step

2.3.3 Reliability validation

In order to verify the accuracy of the model, the
calculated values are compared with the two experi-
mental values in Reference [12] with the same fixed
oscillation angle and Reynolds number. The angle of
attack a is chosen at every 1° between —5°—+5° and
Re= 10". Fig.7 shows the lift and drag coefficients of
the foil at a fixed oscillation angle. Fig.7(a) shows
that the calculated values agree well with the experi-
mental values, and C_ shows higher accuracy and
broader data range than Yonemoto's calculated val-
ue. Moreover, the straight line in Fig.7(a) is the theo-
retical value with the slope a=2m. It can be seen
from Fig.7(b) that both the drag coefficient C and
the Yonemoto calculation results are slightly lower
than the experimental values and the calculation re-
sults are basically consistent. Therefore, the numeri-

cal,model.can_be usedlto-accurately. calculate the hyr
I

drodynamic characteristics of foil.
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(a) The lift coefficient of the wing
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(b) The drag coefficient of the wing

Fig.7 The lift and drag coefficients of the wing with fixed angular

3 Calculation results and analysis

For active and passive rotations of foil, the hydro-
dynamic performance is simulated in STAR-CCM +
software. The simulation results are compared and
the effects of limit angles, wave heights and frequen-
cies on the thrust coefficient are emphasized. The
conditions for active and passive rotations are shown

in Table 3 and Table 4, respectively.

Table 3 The calculation conditions for active oscillating wing

Parameter Value Parameter Value

Ul(m-s™) 0.4 St 0.1~0.6

Oy /() 15 Re 4x10°
hy/m 0.1, 0.4, 0.8 wl(°) 90
JfIHz 0.1~1.2

Table 4 The calculation conditions for passive oscillating

wing
Parameter Value Parameter Value
U/ (m-s™) 0.4 Sz 0.1~1.2
,/(°) 10, 15, 20, 25, 30 Re 4x10°*
hy /m 0.1, 0.4, 0.8, 0.9, 1.0
3.1 Influence of active and passive

rotations on propulsive performance

In ordex to,compare~the, influence~of-actiye and
\
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passive rotations on propulsive performance, inflow
speed U=0.4 m/s, the maximum effective angle of at-
tack a,,, =15° and h; =0.8 m are taken to analyze
the thrust coefficients of the active and passive oscil-
lating wings under different St, and the results are

shown in Fig.8.

2.0 4
—a— Active oscillating
—#— Passive oscillating
1.5 4
o 107
0.5
0.0 J T T T

0.0 0.1 0.2 0.3 0:4 0.5 0.6
St

Fig.8 The thrust coefficient curves of the active and passive

oscillating wing under different St

It can be seen from Fig.8 that whether it is active
oscillation or passive oscillation, the average thrust
coefficient of the foil increases with the rise in St in
one cycle and the thrust coefficient of active oscillat-
ing wing is greater than that of passive one. More-
over, the average thrust coefficient obtained by ac-
tive oscillation method is about 30% higher than the
coefficient obtained by the passive rotation method.
This is mainly because of the different rotation
speeds of the two. When simulating with the passive
rotation method, the foil instantaneously flips when it
rises or falls due to the reaction force of water, and
the rotation speed reaches the maximum at that mo-
ment. The rotation speed reduces to 0 when the limit
angle reaches the maximum, and then the foil per-
forms translational movement with this limit angle.
However, the traditional active rotation method is dif-
ferent. The foil has a given sinusoidal oscillating rate
rotates at the fastest speed near the equilibrium posi-
tion. During the process from the equilibrium posi-
tion to the wave peak, instead of instantaneously
completing the flip, the foil periodically oscillates at
a sinusoidal rate which generates an additional
thrust backwards to the water, thus allowing the foil
to gain additional forward propulsive force, increas-
ing the average thrust coefficient. From the perspec-
tive of energy, the input energy of the passive oscil-
lating wing is only the energy required for the heav-
ing oscillation, while the input energy of the active
oscillating wing is the sum of the energy required for
the active heaving oscillation and the active rotation.

Therefores, domparedwith-the passive oscillation, the
I

energy of the active rotation is greater, thus produc-
ing greater thrust.

Fig.8 also shows that when St is small, the differ-
ence in the average thrust coefficients between the
two is small. With the gradual increase in St, the dif-
ference between the two gradually increases and
tends to be stable, which can reach 30%. It is clear
that the active and passive rotations have a great in-
fluence on the propulsive performance. For the hy-
drodynamic performance of wave glider foil, the tradi-
tional active oscillation model increases the calcula-
tion error and cannot accurately simulate the actual
motion of wave glider foil.
limit

3.2 Influence of angle 6 on

propulsion performance

Five limit angles are selected for the study of the
influence of limit angle @ on propulsion perfor-
mance. The other parameters are set as follows: in-
flow velocity U=0.4 m/s, wave frequency f=0.2 Hz
and wave height h=0.8 m. The thrust coefficient

curves are shown in Fig.9.

0.5 T T T T

’

044 X
L]
[/

0.3

cw

0.2

0.1

Tls

C

(b) Comparison of C(¢)-T curve under 20° to 30°

Fig.9 The thrust coefficient curves of the passive oscillating

wing under different limit angles

From Fig.9(a), it can be analyzed that when the
maximum limit angles of the passive oscillating oscil-
lation 0§ are at 10°, 15° and 20°, the thrust _coeffi-

\
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cient C(f) makes a periodic sine-like change with
time and gradually increases as the maximum limit
angle increases. At the limit angle 6; = 20°, the
peak value of the thrust coefficient reaches the maxi-
mum.

Fig.9(b) shows the C(t)-T curve under the maxi-
mum limit angles of the passive oscillation 6, at
20°, 25° and 30°. It can be seen that in the first half
cycle, the peak value of the thrust coefficient increas-
es with the rise in the limit angle. However, in the
latter half, the peak of C(¢) appears abrupt change
and cuspidal point at the limit angles of 6, = 25°
and 6, = 30°, which fails to present a good periodici-
ty. The reason for the abrupt change is that when the
oscillating angle is greater than 25°, the foil starts to
stall gradually due to the interaction between the dis-
tant inflow and the flow separation of upper surface
of the foil, which has a significant impact on thrust
performance. Therefore, when the oscillating angle
exceeds a certain critical value, the thrust coefficient

will stop rising and significant fluctuations will ap-

pear.

Fig.10 shows the vorticity contours of the passive
oscillating wing at 7/4 under different limit angles. It
can be seen from the vorticity contours that under
the limit angle 6, = 10°-20°, the upper surface of
foil has a small separation area and presents with a
streamlined flow. However, as oscillating the angle
gradually increases from 25°, the trailing edge of the
foil produces a pronounced vortex, and the separa-
tion area on the upper surface of the airfoil gradually
increases. Moreover, the wingtip vortex begins to
form near the trailing edge, which reduces the hydro-
dynamic performance of foil to a certain extent. As
shown in Fig.10, the shedding vortices of the foil are
all in the form of a comma. The jet generated at the
tail increases the thrust of the foil. As the limit angle
increases, the size of the shedding vortices gradually
decreases.

Based on the above analysis, 0, = 20° is selected

as the maximum limit angle of the passive oscillating

wing.

(a) 6=10° (b) #=15°

(¢) 6=20°

(d) 9=25°

Fig. 10 The vorticity contours of the passive oscillating wing under different limit angles

3.3 Influence of wave height 7 and wave

frequency f on the propulsion

performance of foil

The limit angle 6 =20° has been determined.
When the inflow velocity U=0.4 m/s and wave fre-
quency f=0.2 Hz, three wave heights h= 0.1, 0.4 and
0.8 m are selected, and the corresponding curves
C(t)-T of passive oscillating wing under different
wave heights are obtained (as shown in Fig.11).

It can be seen from Fig.11 that C(t) increases with
increasing wave height h. The thrust coefficient
curve shows no obvious periodicity and most of C(¢)
is less than O at wave heights h=0.1 m and h=0.4 m,
which indicates that the flow field does not tend to
be stable. When h=0.8 m, the curve begins to show
obvious periodicity. In addition, with the wave fre-
quency f=0.2 Hz, the thrust coefficient increases
gradually with the rise in wave height h. Moreover, at
a certain inflow velocity and wave frequency, the

wave, height needs, to.reach-a cértain-height to pro:
I

c

1
\ ' ' w—_
=0.27 . “-. : : ‘\ ﬁ‘
-0.4+ ' b e h=0.1 m s
iy ===+ h=0.4m E
-0.64 “: s },=().8 m
T v T T T
0 1 2 3 4 5
Tls

Fig.11  The C(¢)=T curves of the passive oscillating wing under

different wave heights with f/=0.2 Hz

duce stable forward thrust, and the flow field and the
thrust coefficient also tend to be stable.

The above discussion on the wave height & is limit-
ed to a single frequency, i.e., f=0.2 Hz, so the law is
not universal. To find out the influence of the wave
height A on the propulsion performance of foil, multi-

ple,sets.Jof, working conditions ,are.seleéled and the
\
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calculation results are compared.

The wave height h is determined to be around 0.8
m as the thrust coefficient shows periodicity when h=
0.8 m and the wave frequencies f=0.1, 0.2 and 0.4
Hz are selected to study the effect of different wave
heights A on C(¢) (as shown in Fig.12). As can be
seen from Fig.12, under different wave frequencies,
the thrust coefficient C(f) increases with the rise in

wave height h.

Tls
(a) Wave heights influence under f=0.1 Hz
25 R S S S
....... h=0.8 m
2.0+ —--h=09m

——h=1.0m

Tls
(b) Wave heights influence under /=0.2 Hz

gl seeth=08 m
—42h-09m
——h=1.0 m

T

¥
1

0.0 0.5 1.0 1.5 2.0 2.5
Tls

(¢) Wave heights influence under f=0.4 Hz

Fig.12 The C(1)-T curves of the passive oscillating wing under
different wave heights

From the above calculation results, it can be seen
that the thrust coefficient C(¢) tends to be stable start-
ing from the wave height h=0.8 m when other condi-
tions are constant. Therefore, different wave frequen-

cies are selécted wher theI wavelheight h=0.8 m and

the inflow velocity U=0.4 m/s.

Fig.13 shows C(¢)-T curve of the passive oscillat-
ing wing under different wave frequencies with h=
0.8 m. It can be seen from the figure that when wave
frequency f= 0.2 Hz, the thrust coefficient fluctuates
at around C(t) = 0. For every doubling of the wave fre-
quency f, the increase in C(t) is much higher than
double. When f=0.8 Hz, the peak of C(t) reaches 20.
It can be seen that the influence of wave frequency
on the thrust coefficient C(¢) is more significant. In
short, the thrust coefficient C(¢) increases with the

rise in the wave frequency f with h = 0.8 m.

25 T T T T
£ —— /=02 Hz
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Fig.13  The C(1)-T curve of the passive oscillating wing under

different wave frequencies with h=0.8 m

Similarly, the above discussion of wave frequency
is also limited to a single wave height, namely h= 0.8
m, which is not universal. To further study the influ-
ence of the wave frequency f on the propulsion per-
formance of foil, multiple sets of working conditions
are selected and the calculation results are com-
pared, respectively.

Fig.14 shows the effect of different wave frequen-
cies fon C(t), from which it can be seen that at differ-
ent wave heights, the thrust coefficient C(t) increases
with the rise in the frequency f. When the wave fre-
quency increases from 0.2 Hz to 0.4 Hz, the peak of
C(t) curve is increased by 5-10 times. However,
when the wave frequency is low, namely f=0.1 Hz
and f=0.2 Hz, the peak value of the thrust coefficient
C(t) changes very little. Therefore, when the wave fre-
quency is small, the change of the wave frequency f

has a little effect on the thrust coefficient.
4 Conclusions

In this paper, taking the underwater foil of a wave
glider as the research object, the hydrodynamic anal-
ysis and calculation of the passive oscillation of NA-
CA 0012 foil in waves are carried out. The following
main conclusions are obtained:

1) Through the model-that combingsthe-~DIBI
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wave parameters, which is increased with the rise in
wave height h and wave frequency f. When the fre-
quency is small, the change of wave frequency f has

a little effect on the thrust coefficient.
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