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Abstract: In order to seek for the effective, inexpensive and safer methods and technologies to shuck the adductor
muscle from Scallop in Shell, the water jet technology is introduced and its experimental study was carried out. The
nozzle is critical component in shucking device and nozzle parameters, such as cone angle φ, outlet diameter d and
outlet length S, would affect the flow velocity distribution. In order to determine the influence of nozzle parameters
and optimize the nozzle structure, the simulation analyses for scallop stripping equipment nozzle internal flow field
are conducted. The narrow-angle fan nozzle’s internal flow field was simulated using standard k − ε turbulence
model with CFX software. After comprehensive analysis, the optimal parameters combinations of the nozzle for
water jet processing were obtained. The result of this research has very important application value for the design
and optimization of scallops shelling device.
Keywords: Internal flow field, parameter optimization, scallop shucking processing, simulation analysis, water jet
effective, inexpensive and safer than previously
available technologies.
Water jet cutter technology is based on the
naturally erosive effects of water. A stream of water is
extremely concentrated and shot out of a nozzle at
30,000-90,000 psi. Water jet cutters work on the same
principle as high pressure washers that essentially "cut”
the dirt off of the surfaces on which they are used.
Cutters have the stream of water greatly intensified and
are able to cut through materials both safely and
accurately (Qiushi, 2014; Hreha et al., 2010; Xie,
2015). Water jet technology is both a safe and green
technology. In recent years, water jet is applied to all
kinds of industries and it has been widely used in food
and medical fields (Papachristou and Barters, 1982;
Qiushi, 2014; Dunn et al., 2000; Hreha et al., 2010;
Yoshiaki, 2006; Xie, 2015). The another advantage of
this technology is that It’s has the lack of thermal effect
on machined material. However, possibilities of its
further usage have not been exhausted yet. Scallop
shucking processing is a field where this technology is
used little.
The water jet technology is introduced into the Bay
of Scallop in Shell adductor muscle shucking and
its experimental study was carried out. The type of jet
shucking adductor muscle is determined as non

INTRODUCTION
Scallop adductor muscle is not only of high
nutritional value, but it also has a high value of
medicinal (Cuili and Sai, 2001; Lunn and Theobald,
2006; Li et al., 2011). Shucking scallops involves not
only separating the shells of the scallop but also
severing or causing a release of the adductor muscle
from these valves (Namba et al., 1995). It is a difficult
problem to shuck the adductor muscle from Scallop in
Shell in the research field of seafood processing. Over
one hundred patents and innovations in areas, Scallop
shucking method is generally divided into mechanical
and non-mechanical method (Martin and Hall, 2006; He
et al., 2002; Cooper, 2010; Qiushi, 2014; Li et al.,
2013; Cruz-Romero et al., 2004; Martin, 2004; Dunn et
al., 2000; Xie, 2015). Mechanical peeling method
generally includes two stages: using a special
mechanical device to open the shell and the adductor
muscle being stripped by force from the shell. Nonmechanical method generally includes thermal shock
method, negative pressure adsorption, water bath
method and ultra high pressure method. However, due
to its special physiological structure, the ideal shell
shucking method has not been found yet. It is a critical
job for us to seek for advance technologies that are
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the ideal fluid mechanics equation is established. In
Cartesian coordinate system, the equation of kinematics
of ideal fluid is as follows (Currie, 2012):
(1)
(2)
Fig. 1: The Structure and geometric parameters of scallops;
1. Hinge, 2. Shell, 3. adductor muscle, 4. Radial rib

(3)
(4)
Assuming that the water jet flow is in a fully
turbulent state, the standard k − ε equation model is
chosen and the turbulent kinetic energy K and
dissipation rate ε equations of the standard equation
model are as follows:

Fig. 2: The physical structure of narrow-fan- nozzle

submerged water jet by comparative analysis. The
nozzle is one of the key components of the stripping
device. The results of test reveal that it is ideal to use
narrow angle fan-shaped nozzle stripping adductor
muscle. The purpose of the precise separation of the
scallop from the shell is achieved. The research target is
internal flow field state and the outlet velocity
distribution of the water jet injection.
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ε equation:

MATERIALS AND METHODS
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Preparation of bay scallop sample: Take the fresh bay
scallop (H = 55~60 mm) as the test sample, which the
shell, skirts, visceral have been removed (only retained
under shell and adductor muscle). Figure 1 is the
structure and geometric parameters of scallops.
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where,
Gk = Turbulent kinetic energy due to the mean
velocity gradient
Gb = Turbulent kinetic energy induced by buoyancy

The mathematical model of wather jet:
Nozzle physical model: Figure 2 is the physical model
of the internal structure of the narrow angle sector
nozzle. The assumption is that the narrow angle sector
nozzle internal media is pure water which is
incompressible. The water flow from the main nozzle
and eject from the narrow end, through the contraction.
In this study, the liquid flow in the nozzle is regard as
turbulent flow.
The main parameters of nozzles are entrance
diameter D, nozzle outlet diameter d, outlet length s and
outlet nozzle cone angle φ. Where s, d and φ are the
dominant parameters, by which the nozzle entrance
diameter D can be defined. So the influence of φ, s and
d on nozzle outlet velocity is the main emphasis content
in this study.

C1ε, C2ε are constants, the value is 1.44, 1.92
respectively; C3ε = 0, the main direction is
perpendicular to the direction of gravity; σk = 1.0, σε =
1.3 is the Prandtl number of k equation and ε equation
respectively; the value of Sk, Sε, YM = 0.
The velocity of turbulent flow is determined by the
following formula:
µε = ρCµ

k2

ε

(7)

where, Cµ is a constant, in the experiment Cµ = 0.09.

The mathematical model of water jet: Suppose the
flow in water jet is a free jet. To approximate the real
fluid as an ideal fluid, the mathematical description of

Grid division and discrete method: The physical
model of the nozzle is modeling using Solidworks
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export medium is water, at 20ºC under the density of
1000 kg/m3, kinematic viscosity is v = 1.003×10-6 m2 /s.

software, with ICEM CFD carrying on the grid division
and finally using CFX for nozzle’s internal flow field
simulation. The low Re number of k-ε model is used to
solve the problem of the flow in the near wall of the
nozzle. The SIMPLE algorithm, which is based on the
finite volume method and unstructured mesh, was used
to realize the discretization of the nozzle structure.
The standard model of turbulence model is selected
and the internal flow field of the nozzle is single phase
flow. Some factors such as phase change, heat transfer
and so on are neglected in the model. The
boundary conditions as follows: The jet inlet velocity is
v = Q/A, of which Q = 60 L/min. The relative static
pressure of jet flow is zero. Around the jet and its

RESULTS AND DISCUSSION FOR NUMERICAL
SIMULATION ANALYSIS WITH CFX
The influence of contraction angle φ on velocity: The
velocity contours of 40-100° of contraction angle are
shown in Fig. 3.
It can be seen from the Fig. 3 that the velocity in
the interior of the nozzle is significantly changed in the
contraction section and the outlet section. In the nozzle,
the velocity contours are symmetrically distributed and
the closer to the nozzle exit, the higher the velocity
value is. The velocity distribution at the outlet of the

(a)

(b)
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(c)

(d)
Fig. 3: The velocity
v
contourrs of 40-100° of contraction anglle; (a): φ = 40°; (b): φ = 60°; (c): φ = 80°; (d): φ = 100°

(a)

Whhen the nozzlee cone angle is
i less than 600°, the
nozzle exit velocity reached 42.1 m/s (Fig. 3). But
B at
this sppeed, the scalllop adductor muscle surfacce has
obvious wound becauuse of water jett impact (Fig. 4).
4
a
is more than
t
100°, the larger
Whhen the cone angle
cone anngle, the largeer diameter nozzzle entrance and
a so
the inllet velocity of the nozzle is greatly redduced.
Shuckinng processing cannot be carrried out normaally at
low speeed. Thereforee, it can be conncluded that thee cone
angle of
o the narrow angle sector is
i the best when the
cone anngle φ = 60°.
Figgure 5 is the veelocity vector diagram
d
of 40°°-100°
of conttraction angle. It can be seeen from Fig. 5.
5 The
contracction angle dettermines whetther there is innternal
flow off vortex appeaared. The existeence of vortexx has a
significcant influence on the jet vellocity distributtion at

(b)

Fig. 4: Blasst injury of scalllop adductor muuscle; (a): φ＜660°;
(b): φ≥60°

nozzle deccreases with the increase of the
t cone angle of
the nozzlee. When the nozzle
n
cone angle
a
is 60°, the
t
outlet veloocity curve in th
he range of 0.11 to 0.9 is almoost
a straight line,
l
namely in
n the outlet diaameter of 80% of
the range, cone angle iss 60°of nozzlee jet for uniform
distributionn.
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(a)

(b)

(c)
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(d)

Turbulent dissipation rate(%)

Fig. 5: The velocity vector diagram of 40-100° of contraction angle φ; (a): φ = 40°; (b): φ = 60°; (c): φ = 80°; (d): φ = 100°
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Fig. 6: Turbulent dissipation rate at different outlet length L

the nozzle exit, the flow in the nozzle and the loss of
the nozzle. Under the condition of 100°, the vortex is
more serious. With the decrease of the contraction
angle, the vortex gradually disappeared. The velocity at
the exit will become more and more uniform with the
decrease of the vortex, the flow of the jet in the nozzle
will become better and the corresponding nozzle loss
will be reduced. Simulation results show that the
acceleration of the flow is more stable at φ = 60°.
In summary, the most suitable cone angle for the
nozzle is φ = 60°.

rate at the outlet is stable and its value is about 0.03.
However, the turbulence intensity at the inner wall of
the nozzle is changed rapidly and the turbulent
dissipation rate is increased to 1.15. The turbulent
dissipation rate indicates the amount of energy is lost.
The greater the dissipation rate, the greater the energy
loss. At the same time, the outlet length is neither too
large nor too short, too long will increase the processing
difficulty and lead to increased cost and too short will
reduce the strength of the nozzle exit and shorten the
service life of the nozzle. Therefore, the outlet length of
the narrow angle sector nozzle L = 4 mm is suitable.

The influence of outlet length s on velocity: The
turbulent dissipation rate distribution at the outlet is
shown in Fig. 6.
Figure 6 reflects the change of the turbulent
dissipation rate at the exit of the outlet. The dissipation

The influence of outlet diameter d on velocity: The
changes of the length of the export nozzle internal flow
velocity contour are shown in Fig. 7. Where, φ = 60°,
inlet diameter D = 4.46 mm and outlet diameter d = 0.81.2 mm.
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In Fig. 7, when the outlet diameter of the narrow
angle sector nozzle is d = 0.8 mm, the velocity field of
the outlet is not uniform and the high speed area
appears. And the smaller the outlet diameter, the higher
the processing difficulty, the nozzle processing costs
also increased accordingly. When the nozzle diameter is
d = 1 mm, the distribution of velocity field is uniform.

When the outlet diameter is d = 1.2 mm, the velocity
field of the outlet velocity field is not uniform.
Figure 8 shows the turbulent energy dissipation
rate of different outlet diameters. According to this
figure, the smaller the outlet diameter, the greater the
turbulence dissipation rate on the inner wall of the
nozzle, that is, the greater the energy loss. When the

(a)

(b)

(c)
Fig. 7: Nozzle velocity flow field at different d; (a): d = 0.8 mm; (b): d = 1.0 mm; (c): d = 1.2 mm
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Table 1: The optimal configuration of nozzle
Parameter name
D
Values
4.46 mm

d
1 mm

φ
60°

Turbulent dissipation rate(%)

1.6

S
4 mm

0.8

1.4

1
1.2

1.2
1
0.8
0.6
0.4
0.2
0
0

0.2

0.4

0.6

0.8

1

1.2

Outlet length(mm)
Fig. 8: Turbulent dissipation rate at different outlet diameter d

•

outlet diameter of the nozzle is d = 1.2 mm, the
dissipation rate is lower, but the outlet flow rate is
lower. When d = 1 mm, the velocity field is uniform,
without the high velocity zone.
From the analysis of Fig. 7 and 8, it can be
concluded that the outlet diameter d = 1 mm is more
suitable.
The simulation results show that the nozzle
parameters on the velocity distribution were further
optimized contrast with previously published work
(Qiushi, 2014; Xie, 2015) and the test results show that
the simulation results are correct.
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CONCLUSION
Using the CFX software, the internal flow field of
the narrow angle sector nozzle was simulated by the
standard k-ε turbulence model and the influence of the
nozzle parameters on the velocity distribution was
analyzed:
•

•

•

In summary, the change of nozzle parameters will
affect the injection performance, so the reasonable
configuration of the nozzle parameters is very
important. Test results show that the optimal
configuration of the narrow angle sector nozzle is
shown in Table 1.
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