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A new dynamic model is developed for the dual clearance squeeze film damper (DCSFD) considering the effect of cavitation in this
paper. )e relationship between the eccentricities of the inner and outer films is achieved based on the equations of motion. )e
Reynolds equation and Rayleigh–Plesset equation are employed to describe the kinetic properties of DCSFD and the cavitation
effect of film, respectively. Under the assumption of compressible fluid, the pressure distribution of DCSFD is finally obtained by
the numerically iterative method. )e film pressure distribution in the outer layer (including the positive and negative pressure
zones) obtained from the experimental test agrees well with the numerical prediction, which verifies the validity of the proposed
numerical model. In Section 5, the effects of oil temperature, inlet pressure, eccentricity, and whirling frequency on the cavitation
in the film are investigated systematically and experimentally. )e experimental results indicate that cavitation mainly affect the
pressure in the negative pressure zone of the inner and outer film of DCSFD, but has little influence on the pressure in the positive
pressure zone.)e area of cavitation increased with eccentricity; when the inner eccentricity reached 0.1 or above, the area near the
injection hole of film also generated a small zone of negative pressure. )e numerical model and the experimental results in this
paper are valuable for further research and engineering applications of DCSFD.

1. Introduction

)e squeeze film damper (SFD) has attracted much attention
for its good performance in vibration mitigation. In recent
years, the relevant studies have focused on the following
issues: the characteristics of nonlinear vibrations of a rotor
supported on SFD [1, 2], methods of modeling the SFD by
considering the effects of fluid inertia [3–7], and the cavi-
tation, the fluid-structure interference, and the structural
innovation [8–11]. For example, Chen et al. [1] found that
the rotor-SFD system was sensitive to the ratio of two ex-
citation frequencies acted on the rotor system and the in-
fluence of fluid inertia becomes greater with the Reynolds
number [5]. Lu et al. investigated the influence of the size of
clearance of end seals on the damping characteristic of ISFD.

It was observed that the damping of ISFD increased sig-
nificantly with the tightness of end seals [11].

)e DCSFD studied in this paper is obtained by im-
proving the structure of the SFD.

In 1985, the DCSFD was introduced by Fleming [12] on
the basis of traditional SFD. )e DCSFD was proposed to
prevent fatigue in an SFD in a rotor-SFD system. A number
of studies [12–19] have been dedicated to the DCSFD in the
last 50 years. Moraru et al. [13–16] constructed a numerical
model for a rotor supported on the DCSFD, and they
presented results obtained while the inner sleeve is released
and both oil films are operational. Different from rigid
supported housing, Rezvani and Hahn [17] proposed a
DCSFD with a spring support which can avoid the jump and
aperiodic response of the rotor. Zhou et al. [18, 19] deduced

Hindawi
Shock and Vibration
Volume 2021, Article ID 3293708, 17 pages
https://doi.org/10.1155/2021/3293708

mailto:ghluo@nuaa.edu.cn
https://orcid.org/0000-0002-3534-9355
https://orcid.org/0000-0002-1484-8171
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/3293708


two Reynolds equations of the DCSFD to determine the
unbalance response of the rotor-DCSFD system. )e results
indicated that the bifurcation of the rotor system can be
inhibited when it is supported by the DCSFD. )e above
studies show that DCSFD has a promising future in aero-
engine vibration mitigation. )e above research indicates
that there is considerable prospect for the application of the
DCSFD to aeroengines.

Cavitation is one of the most important factors affecting
the effectiveness of squeeze film dampers, and much work has
been done in this area. For example, Hibner and Bansal [20]
found that the deviation in terms of film pressure between
simulations and experiments became unacceptable as the
cavitation extended around the region of the film. Feng and
Hahn [21] concluded that once the cavitation has formed, it
cannot dissolve completely in the film again; then, the oil will
become a compressible two-phase fluid. For the influence of
the cavitation, multiple studies have been carried out by Jung
et al. [22, 23], and it was found that cavitation affects the
negative as well as positive pressure regions. )e expansion in
the negative pressure region sharply slows down in case of
cavitation; then, the damping and inertia coefficients of SFD
decreased significantly. Kodama et al. [24] built a centered
SFD test rig to observe the conditions of rupture of the
cavitation. Bonello et al. [25] claimed that the region of ex-
pansion of the cavitation increases with the static eccentricity
or unbalance loads. Xing et al. [26–28]modeled the SFD based
on three-dimensional Navier–Stokes equations and employed
a homogeneous cavitation model to simulate a quasi-static
cavitation process. Jung [29] found that cavitation was sup-
pressed as the oil injected pressure increased. Méndez et al.
[30] modeled the SFD in a two-phase fluid consisting of the oil
and ingested air based on Andre’s model, in which the volume
of the latter was a function of the L/R ratio. Arghir and
Bonneau [31] built a dynamic pressure equation for the SFD
based on the Rayleigh–Plesset equation which can consider
the influence of cavitation surface stress, damping, and inertia
effect. Younan et al. [32] deduced the Reynolds equation of the
SFD by considering the effect of ingested air. )ey proposed
the viscosity and density of oil as the functions of volume
fraction of the air/oil andmodeled two-phase fluid density as a
function of bubble diameter that changed according to the
nonlinear transient film force. Heidari and Ashkooh [33]
investigated the stability and bifurcation characteristic of the
rotor-SFD system. As cavitation formed, the increasing
stiffness-related asymmetry of the SFD film enhanced the
likelihood of instability of the rotor-SFD system. Gehannin
et al. distinguish the vapor cavitation from air ingestion while
building a SFD cavitation model, in which film pressure was
governed by the Reynolds equation; vapor cavitation was
modeled based on the Rayleigh–Plesset equation and air in-
gestion was given by the volume-of-fluid (VOF) method [34].
Laurentiu claimed that the SFD film could be continued while
oil inlet and outlet pressure are all significantly above the
surrounding atmospheric pressure [35]. Fan and Behdinan
developed the models of incompressible and compressible
SFD films by using the linear complementarity problem (LCP)
method where the latter model is superior if the bulk modulus
of elasticity is considered [36].

From the literature review, it is found that few of existing
studies concentrated on the influence of cavitation on the
DCSFD, which delivers better performance in terms of
suppressing vibration than traditional SFD. In this paper, a
dynamic numerical model is developed for the DCSFD
considering the effect of cavitation. Firstly, a relationship
between eccentricity of the inner and outer films is established
according to equations of motion. )en, the DCSFD model
itself will be established based on Reynolds equations and
eccentricity relationship. Furthermore, the Rayleigh–Plesset
equation is employed to describe the cavitation effect. )e
DCSFD model and Rayleigh–Plesset equations are solved
simultaneously to obtain final pressure distribution cavitation
of the film. Meanwhile, a test rig of DCSFD film characteristic
is constructed and some experiments are carried out.

2. Model of DCSFD

A structure diagram of DCSFD is shown in Figure 1.
Before modeling the cavitation, the DCSFD should be

modeled, that is, the relationship between eccentricity of the
inner and outer films and the distribution of pressure should
be presented. )e floating ring and journal whirl while the
DCSFD was working, where the latter whirls actively and the
former passively. )ere is a phase difference between the
journal and the floating ring and the eccentricity of the inner
and outer film is not the same. In order to determine the
pressure distribution of the inner film, it is necessary to
obtain the relative eccentricity first.

To simplify our modeling, three necessary assumptions
are made:

(1) )e whirling orbits of the journal and the floating
ring are circular; their whirling frequency is equal

(2) )e gravitational influence of the floating ring is
ignored

(3) )e floating ring does not deform while whirling

)e force acting on the floating ring is provided in
Figure 2, where

e1: the eccentric distance of the journal
e2: the eccentric distance of the floating ring
e3: the relative eccentric distance between the journal
and the floating ring
c: the phase difference between the journal and the
floating ring
θ: the angle between the direction of the inner film in
the minimum thickness and the outer film in the
maximum thickness
Fr1: the radial force of the inner film
Ft1: the circumferential force of the inner film
Fr2: the radial force of the outer film
Fr2: the circumferential force of the outer film

)e forces Ft1, Fr1, Ft2, and Fr2 act on the floating ring
with the inner and outer film, where the first two and latter
two forces belong to driving force and the passive force,
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respectively. Based on Newton’s second law, the equations of
motions are represented by equations (1) and (2):

Ft1 cos θ −
π
2

  − Fr1 cos(π − θ) + Fr2 � mfΩ
2
e2, (1)

Fr1 sin(π − θ) + Ft1 sin θ −
π
2

  � Ft2, (2)

where Ft1 and Fr1 are determined by ε3 and Ft2 and Fr2 were
determined by ε2. Equations (1) and (2) could be solved in a
rotating reference frame. )e relation among ε1, ε2, and ε3 is
given as

ε23 � ε21 +
ε22
rt

2 −
2ε1ε2 cos c

rt

, (3)

where rt was the thickness ratio between the inner and outer
film, that is,

rt �
C1

C2
. (4)

)e angle θ could be obtained by the cosine theorem
according to equations (1) and (2):

θ � arc cos
e
2
2 + e

2
3 − e

2
1

2e2e3
. (5)

To obtain the inner and outer film forces of the DCSFD,
we need to model their pressure distributions. )ere is a
clearance between the floating ring and the end seal ring, as
shown in Figure 3. It results in the increase of the flow rates
and decrease of the film pressure. )e Reynolds equations of
the inner and outer film of DCSFD are given in equations (6)
and (7):
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where η is the coefficient of pressure loss.
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Figure 2: Force diagram of the floating ring.
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Figure 1: Schematic model of the DCSFD.
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Because the pressure loss is too complex to be theo-
retically analyzed for turbulence, η is obtained in its em-
pirical range in this paper:

0.2< η< 0.3. (8)

Considering cavitation effect, the negative pressure zone
will also have an effect on the film pressure, so the DCSFD
film force could be obtained by equations (9)–(12):

Fr1 � 
Lf/2

−Lf/2

2π

0
p1 θ1, Z( R1dθ1dZ cos θ1, (9)

Fr1 � 
Lf/2

−Lf/2

2π

0
p1 θ1, Z( R1dθ1dZ sin θ1, (10)

Fr1 � 
Lf/2

−Lf/2

2π

0
p2 θ2, Z( R2dθ2dZ cos θ2, (11)

Fr1 � 
Lf/2

−Lf/2

2π

0
p2 θ2, Z( R2dθ2dZ sin θ2, (12)

where Lf is the width of the floating ring.

3. Model of Cavitation

In the zone of negative pressure of the inner and outer film of
DCSFD, the vapor cavitation occurs when the pressure is
reduced below the saturated vapor pressure of the film.
)ere is less gas cavitation in the film in the zone of negative
pressure because the DCSFD has two end seals.

Previous studies [31, 34, 37] show that the Rayleigh–
Plesset equation can describe the process of cavitation growth
successfully and predict the range of the zone of negative
pressure accurately of SFD. Following the same strategy, the
cavitation in the negative pressure zone of DCSFD is modeled
based on the Rayleigh–Plesset equation in this paper.

Gehannin proposed the complete Rayleigh–Plesset
equation based on the past research [34]:

PB − P∞(t)

ρL

−
4]L

R
R
•

−
2S

ρLR
−

4κ
ρLR

2 R
•

� RR
••

+
3
2
R
• 2

, (13)

where P∞(t) is the pressure of the film around the bubble,
ρL is the density of the film around the bubble, R(t) is the
radius of the bubble, ]Lis the viscosity of the film around the
bubble, S is the surface tension of the bubble, and κ is the
dilatational viscosity of the bubble.

Equation (13) describes the relationship among the rate
of change for radius of the bubble, liquid pressure, viscosity,
surface pressure, and dilatational viscosity in a liquid. )e
left side of equation (13) represents the difference between
the internal and external pressure of the bubble, damping,
surface stress, and dilatational viscosity.

Assuming atmospheric pressure is P0, the additional
pressure Ps will be attached to the surface bent at the
bubbles, when they appear in the film. According to Kelvin’s
formula, the total pressure is

P � Ps + P0. (14)

)e relation between additional pressure Ps and the
radius of curvature R can be obtained according to the
Young–Laplace equation:

Ps �
2S

R
. (15)

)e gas in the DCSFD film area can be divided into vapor
cavitation and gas cavitation. )us, the pressure of bubbles
in the fluid can be understood as synthesized by the pres-
sures of vapor and gas cavitation:

PB �
p0R

3
a

R
3 + pv � pa +

2S

Ra

− pv 
Ra

R
 

3
+ pv, (16)

where Ra is radius of reference bubble and pv is vapor
pressure.

)e volume ratio of the bubble to the entire area of the
film can be obtained by [34]

α(θ, z, t) �
αa

αa + 1 − αa( R
3
a/R

3, (17)

where αa is the reference volume ratio and Ra, αa, and αa are
assigned values based on experience [34].)e density and
viscosity of two-phase flow can be obtained according to α [34]:
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Figure 3: )e clearance between floating ring and end seals.
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Figure 4: )e effects of Ra, pv, and αa on inner pressure. (a) Ra � C1/15, pv � 0.02MPa, (b) pv � 0.02MPa, αa � 0.01, and (c)
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Figure 5: Continued.
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ρ � (1 − α)ρL + αρG ≈ (1 − α)ρL, (18)

μ � (1 − α)μL + αμG ≈ (1 − α)μL. (19)

Assuming that the initial volume ratio and radius of the
bubble are the same as the reference bubble,

α0 � αa. (20)

R0 � Ra. (21)

)e solution of the film pressure distribution could be
carried out by solving equations (6) and (7), and the cavi-
tation distribution could be obtained by solving equation
(13) in turn to obtain the density and viscosity of the two-
phase flow.

)e Rayleigh–Plesset (equation (13)) is solved by the
fourth-order Runge–Kutta method, and the transient Rey-
nolds equations (equations (6) and (7)) are solved by the
differential method. To obtain a more accurate initial value to
improve the efficiency of the solving process, the initial inner
and outer pressure distribution starting differential iteration is
obtained using the transient analytic expression [39]:

p(z, α, t) � −
6μL

2ω
C
2
1

ε3 sin(ωt − α)

1 − ε3 cos(ωt − α) 
3

1
4

−
Z

Lf

 

2
⎛⎝ ⎞⎠.

(22)

4. The Effect of Cavitation on DCSFD

)e parameters of the DCSFD designed in this paper are
L � 12.5mm, C1 � 0.18mm, C2 � 0.16mm, R � 39mm,
ρ � 997.5kg/m3, and μ � 0.0398 Pa, s. )e whirling

frequency is assumed to be 100Hz, and all parameters of the
film correspond to an inlet oil temperature: 27°C.

4.1. Influence of the ParameterRa,pv, and αa. When ε1 � 0.2,
ε3 � 0.12, and ε2 � 0.087 through iterative calculations, in an
aeroengine, the journal of the rotor is influenced by the force
of the inner film of the DCSFD. We thus investigate the
effects of cavitation on the distribution of the inner film.

)e properties of cavitation is reflected mainly by Ra, pv,
and αa, and the influence of cavitation is researched by the
control variable method.

Figures 4 and 5 indicate the simulation result of transient
film pressure and the monitoring point phase α� 180°; in this
way, the negative pressure zone was between π−2π. Figures 4
and 5 show that Ra, pv, and αa have significant influence on
the distribution of inner and outer pressure, and the influence
on inner film pressure is little different from outer film
pressure. With an increase in αa and decrease in Ra and pv,
the pressure tends to be zero and the distribution of film
pressure is close to π film in the area of the negative pressure
zone. )e film in the area of negative pressure will be directly
torn to form a hole. )us, the film does not exhibit second-
phase flow. When considering the cavitation effect, the
pressure in the zone of the positive pressure is slightly lower
than the π film, but the difference is small enough to be
ignored. Jung and Andres have concluded that vapor cavi-
tation can affect the zones of negative and positive pressure of
the SFD based on the experimental observations [22, 23].
)eir results have been verified once again in this paper.

)e outer film has a more pronounced trend toward the
π film than the inner film. )e outer film pressure is lower
than inner pressure and the cavitation in the inner film will
gush out into the outer film.)is phenomenon has also been
observed in the experiment section of this paper.
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Figure 6: )e influence of cavitation on the DCSFD. (a) Radial film force. (b) Circumferential film force. (c) Film stiffness. (d) Film
damping.
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4.2. Influence of Cavitation on Film. When Ra � C1/15, pv �

0.02MPa, and αa � 0.01 the curves of how the film force, film
stiffness, and film damping vary with ε3 are shown in Figure 6.

Figure 6 shows that the radial film force and film stiffness
decrease as the cavitation effect increases, while the cir-
cumferential film force and film stiffness increase. For the
journal, the two components of film pressure have the same
direction along circumferential direction but have opposite

direction along radial direction in both positive and negative
pressure zone.

All curves remain similar in shape indicating that the
film force, film stiffness, and damping vary in a similar
pattern with eccentricity whether or not cavitation effects are
considered.

For the DCSFD inner film, the expression of the film
force is shown in (23) based on the short-bearing hypothesis:

Transparent housing

(a) (b)

Figure 12: )e transparent housing.

Figure 11: High-speed photography.
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Fr1 � −
ημΩRL

3
f

C
2
1

2ε23
1 − ε23 

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦,

Ft1 � −
ημΩRL

3
f

C
2
1

πε3
1 − ε23 

(3/2)

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(23)

Equation (23) shows that the F − ε curvature changes
with μ, but the shape of the curve does not change. )e
concept of equivalent viscosity was proposed by Diaz [38].
)e equivalent radial viscosity μreq and circumferential
viscosity μteq are used to deal with the effect of cavitation.
Following this idea, the inner film force of DCSFD con-
sidering cavitation can be expressed as
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While μreq � 0.3μL and μreq � 1.2μL, the results of fitting
and simulation have a good consistency, which are shown in
Figure 7. Based on the equivalent viscosity, DCSFD mod-
eling, considering cavitation effect, can be more efficient on
the basis of guaranteed accuracy.

5. Verification of Pressure Distribution and
Cavitation Observation

)e bidirectional excitation test rig for DCSFD is shown in
Figures 8–12.

In Figure 13, TP1_P, TP2_P, TP3_P, TP4_P, and TP5_P
represent five pressure sensors evenly distributed in the lower
semicircle of the housing with 45° interval; TP6_P_inlet
represents the pressure sensor for measuring the inlet pres-
sure; TP7_T_inlet represents the temperature sensor for
measuring the inlet oil temperature. TP8_ux and TP9_uy
represent two eddy current displacement transducers in
mutual perpendicular directions. TP10_Fx and TP11_Fy
represent impendence heads measuring two excitation forces

with mutually perpendicular directions. TP8_ux, TP10_Fx,
and TP2_P are on the same diameter of the same housing
center truncated circle. TP9_uy, TP11_Fy, and TP4_P are on
the same diameter of the same housing center truncated
circle. TP6_P_inlet and TP7_T_inlet are mounted on the top
of the outer surface of the housing via a four-way valve. All
sensors are mounted on the outer surface of the housing on
the center truncated circle. )e transparent housing is ma-
chined from Plexiglas glass, and the cavitation in the outer
film of DCSFD is observed by i-speed7 high-speed camera.

5.1. Verification of Pressure Distribution. )e pressure dis-
tributions obtained by experiment and simulation are shown
in Figures 14 and 15. It is found that the results of the
simulation are consistent with the experimental test. )e
proposed dynamicmodel is able to predict the width and peak
of the zone of negative pressure. When pv � 0, Ra � C1/13,
and αa � 0.005, the numerical model most accurately de-
scribed the distribution of the zone of negative pressure.
Differently, the distribution of the zone of positive pressure is
less affected by pv, Ra, and αa, and the resulting curves are
basically the same. Generally, the established DCSFD model,
considering the effect of cavitation, is correct and effective.

A comparison of Figure 15(a) with Figure 15(b) shows
that the cavitation is mainly located in the center of the zone
of negative pressure along the width of the DCSFD, and a
small number of bubbles are formed in the zone of positive
pressure.

ε1=0.1 ε1=0.2ε1=0.05 ε1=0.15 ε1=0.25

Figure 16: )e cavitation of the outer film at different eccentricities (t�T/4, the red circle denotes the vapor cavitation).
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5.2. Effect of Eccentricity on Cavitation. When the inlet
pressure is 0.04MPa, the temperature of oil is 27°C, and the
whirling frequency is 50Hz, the cavitation of the outer film is
observed at different eccentricities. )e results obtained by
experimental observation are shown in Figure 16.

)e area of negative pressure and number of bubbles
increase with eccentricity. When ε1 < 0.2, the cavitation
occurs mainly in the lower half-circle away from the in-
jection hole for oil, and when ε1 ≥ 0.2, bubbles can be
clearly observed in the upper half-circle area near the hole,
but are distributed over a smaller area than in the lower
half circle. Bubbles appear in the observation area
throughout the DCSFD, indicating that the two-phase flow
of oil and bubbles was relatively stable. When ε1 > 0.2, a
large number of bubbles gush out from the clearance
between floating ring and end seals, which indicates that a
large number of bubbles are formed in the inner film. )e
impact of the cavitation on the force of the inner film is
hence reduced.

5.3. Effect of Oil Temperature on Cavitation. When the inlet
pressure is 0.04MPa, the inner eccentricity is 0.1, and
whirling frequency is 50Hz, the cavitation of the outer film is

observed under different temperatures of oil. )e results of
observations are shown in Figure 17.

With an increase in the temperature of oil, the number of
bubbles decreases sharply, and the area of cavitation almost
disappears with only a few bubbles remaining.)e cavitation
is mainly concentrated in the lower circular area away from
the injection hole of the oil. When the temperature of oil is
27°C, the semicircle near the injection hole for oil also
contains bubbles mainly from the clearance between floating
ring and end seals. When the temperature increases to 44°C,
the bubbles in semicircle near the injection hole of oil
disappear and become concentrated in the lower half of the
circle. When the temperature of oil increases to 56°C or
higher, only a few bubbles remain in the observation area
and a large area of cavitation disappear.

5.4. Effect of Inlet Pressure on Cavitation. When the tem-
perature of oil is 27°C, inner eccentricity is 0.1, and whirling
frequency is 50Hz, the cavitation of the outer film is ob-
served at different inlet pressures, and the result of obser-
vations are shown in Figure 18.

Obviously, the area of negative pressure decreases with
increasing inlet pressure. When the inlet pressure is

Toil=27˚C Toil=44˚C Toil=56˚C Toil=66˚C

Figure 17: )e cavitation of the outer film at different temperatures of oil (t�T/4, the red circle denotes the vapor cavitation).
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0.04MPa or 0.1MPa, the area of bubbles appears not only in
the lower circular areas but also in the upper circular areas
near the oil injection hole. When the inlet pressure increases
to 0.15MPa and above, the upper half of the area of the
bubbles disappears, the area of cavitation shrinks to the
lower half circle, and the number of bubbles decreases with
inlet pressure. However, when the inlet pressure reaches
0.15MPa, the radius of the bubbles increases significantly,
but few of them remain in the area of positive pressure.
When the inlet pressure reaches 0.2MPa, few bubbles re-
main in the zone of the film ring. )is indicates that with
increase of inlet pressure, the DCSFD film will tend to
become a 2π film and the area of cavitation reduces grad-
ually, but the radius of the bubbles increases. It is likely that
while the inlet pressure increases, the speed of oil increases
its dynamic pressure while reducing static pressure. )is
causes the increase in the radius of the bubbles.

5.5. Effect of Whirling Frequency on Cavitation. When the
inlet pressure is 0.04MPa, eccentricity is 0.1, and oil tem-
perature is 27°C, the cavitation of the outer film can be
observed and compared at different whirling frequencies.
)e results of the experiment are shown in Figure 19.

Under different frequencies of whirling, the area of
distribution of the bubbles changes by little. Cavitation are
gushing out of the clearance between end seals and floating
ring at different frequencies.

)e radius of cavitation increased with whirling fre-
quency. )is indicates that the whirling frequency had
little effect on the area of cavitation, but increased the
volume of the bubble.)e reason behind this may be due to
the fact that when the whirling frequency increases, the oil
speed increases the dynamic pressure and decreases the
static pressure, which eventually leads to a larger bubble
radius.

Pin=0.04MPa Pin=0.15MPaPin=0.1MPa Pin=0.2MPa

Figure 18: )e cavitation of the outer film at different inlet pressures (t�T/4, the red circle denotes the vapor cavitation).
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6. Conclusions

In this paper, a dynamic numerical model is developed for
the DCSFD considering the effect of cavitation. )e DCSFD
model and cavitation model are solved simultaneously to
obtain final pressure distribution of the inner and outer film.
Some experiments are carried out; the experimental and
numerical results of pressure distribution are in good
agreement, which verifies the validity of the proposed nu-
merical model. )e effect of eccentricity, oil temperature,
inlet pressure, and whirling frequency on cavitation is in-
vestigated by the experiment, and several useful conclusions
are summarized as follows:

(1) Reasonable values of radius of the reference bubble
(Ra), vapor pressure (pv), and reference volume ratio
(αa) (for theDCSFD, in this paper,Ra � C1/13, pv � 0,
and αa � 0.005) can lead tomore accurate descriptions
of the DCSFD model for the positive and negative
pressure zones than the π film model.

(2) )e influence of inlet pressure and eccentricity on
cavitation is significant, and the cavitation of DCSFD
is located far away from the oil injection hole. )e
area of cavitation increases with eccentricity. When
the inlet pressure increases, the cavitation area de-
creases but the bubble volume increases. )ere will
be vapor cavitation near the oil injection hole while
the eccentricity reaches and exceeds 0.2;

(3) )e area of cavitation and volume of bubble de-
creases with oil temperature. When the temperature
of oil increased to 56°C or above, the area of cavi-
tation nearly disappeared and only a few bubbles
remained.

(4) When there are much cavitation in the inner film,
due to the pressure difference between the inner and
outer film, the bubbles will flow into the outer film
through the clearance between the end seal and the
floating ring, which will reduce the influence of
cavitation on the damping characteristics of DCSFD.
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