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Abstract: A new type of shellfish precooking processing machine is designed. The corresponding three-dimensional solid 

model are constructed by use of SOLWORKS. It also introduces basic structure and working principle of shellfish precooking 

machine. Solid-liquid two-phase flow field for shellfish precooking processing machine is simulated by ANSYS FLUENT 15.0, 

which simulated the distribution of liquid flow and volume fraction of solid in the pot. The reasons of flow field distribution and 

the solid particle volume fraction of the liquid phase flow in the vertical and horizontal planes were analyzed under different 

mixing speeds. The results show that the solid-liquid two-phase flow field distribution is reasonable and turbulent region can be 

formed in the pot. The distribution of flow field and the texture properties of abalone were compared at three different speeds, 

and the more reasonable mixing speed was determined. The results of the analysis provide references for the optimization of 

mixer in the future. 
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1. Introduction 

Marine products has been an important human life 

resources since ancient times. The coastal residents in ancient 

China have been working on the development and utilization 

of marine products. Especially the development of shellfish 

put a great effort [1]. The processing of shellfish has a long 

history. But development has been in the initial stage. There 

are a series of problems, such as obsolete machine, high 

energy consumption and low degree of automation, which 

needs to be solved urgently [2]. In the traditional processing 

products, shellfish resource utilization is low, there is no better 

development and utilization of waste, low level of 

mechanization and processing, product quality is not high [3]. 

With the continuous increase of shellfish production and 

rising labor costs, more and more processing enterprises are 

aware of the importance of processing equipment and 

gradually increase the application and investment of 

processing equipment in recent years. Currently, the 

application rate of shellfish processing equipment has 

increased year by year in Jiangsu, Shandong, Liaoning, 

Guangdong, Zhejiang and other shellfish processing industry 

in the more developed regions [4]. Live in fresh, pre-treatment, 

primary processing, deep processing and comprehensive 

utilization of a plurality of links are using the appropriate 

machine to improve processing efficiency. Foreign put great 

importance on processing of shellfish, the shellfish processing 

industry are more developed in Western Europe and other 

countries, shellfish in addition to fresh, but also be made into 

canned or fried, roasted, boiled and steamed, smoked and 

frozen food. Frozen processing is the largest in New Zealand 

and South Korea; the production of shellfish in the dry process 

of meat is used in Germany. Abalone and other valuable 

shellfish can be used to freeze by liquid quick-freezing 

machine [5]. The high pressure processing technology has 

gradually been used a number of companies at precooking 

shellfish in the USA [6]. Development and research of 

shellfish food processing machine have a very broad 

prospects. 
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To meet market demand, for this series of questions, a new 

shellfish precooking processing machine is put forward 

combined with the advanced processing technology in this 

paper. The shellfish precooking machine makes use of 

controlled silicon to control temperature, which achieve 

multi-segment and multi-step temperature control, with less 

time and a small amount of temperature change to get 

processing technology. The irregular hemisphere tilting steam 

jacket kettle is applied to shellfish precooking processing 

machine for achieving high production efficiency. In order to 

be sure to conditioning fluid to generate turbulence, uniform 

heat perception of materials and reasonable tasty during the 

processing. The shape of the mixer is matched with the 

precooking device, which is tubular cross circular arc, so as to 

reduce the damage to the shellfish and achieve the purpose of 

mixer evenly. The fluid field in the mixer is simulated. The 

results show the solid-liquid two-phase flow field distribution 

is reasonable and the mixer is uniform. 

2. Materials and Methods 

2.1. Basic Structure and Working Principle of Shellfish 

Precooking Machine 

The main structure of the shellfish precooking machine is 

shown in Figure 1, which consisted of the frame, the elevating 

device, the precooking device and the mixer. The elevating 

device and the precooking device are fixed on the stander. The 

elevating device is used to complete the pot cover and the 

vertical movement of the mixer. 

The elevating device is mainly composed of the intelligent 

combination unit that completes the vertical work station of 

the conversion, whose advantage is higher operating speed, 

lower noise and longer maintenance-free. 

The mixer consists of an electric motor, a mixer and cover. 

The motor and the mixer fixed to the cover. The mixer is 

installed on the elevating device, which moved vertically 

along it. The precooking device mainly consists of electric 

motor, worm gear reducer and steam sandwich pot. 

 

Figure 1. Structure of the shellfish precooking machine. 

The precooking device is controlled to turn and unload 

automatically by the electric motor. The tilting steam jacket 

kettle has the characteristics of large heating area, high heat 

efficiency and uniform heating. 

The working principle of precooking shellfish processing 

machine are described as follows. The intelligent combination 

unit rotary rises by the electric motor. Under the effect of the 

elevating device, the lid rises along with a mixer for placing 

the material in preparation. The material is put into the 

precooking steam jacket kettle by means of automatic feeding 

device. After that, the lid and the mixer return to the original 

workstation. The material is heated by steam, and then the 

precooking is started. The technological procedure is as 

showed in Figure 2 [7]. 

 

Figure 2. Technological procedure. 

2.2. Numerical Simulation of Flow in Mixing 

2.2.1. Calculation Model 

Precooking material are shelled shellfish and regulation 

liquid, which is numerical simulation of solid-liquid 

two-phase flow in Stirred. ANSYS FLUENT 15.0 was used as 

the simulation tool. In the solid-liquid two-phase flow, the 

movement of solid particles is affected by two kinds of 

motion—the effects of random motion and follow the 

movement of fluid entrained, which mainly depend on the 

local fluid speed, the settling speed of the particles and the 

local turbulence intensity [8] 

At present, the numerical simulation of two phase flow are 

mainly Lagrange and Euler [9]. Lagrange is to take the fluid as 

a continuous medium, and the particles are regarded as 

discrete system. The equations are used to simulate the flow 

field in the Euler coordinate system to solve the Reynolds 

equation of the fluid phase. The trajectory model of solid 

particles was obtained by the track model of the Lagrange 

coordinate system. It is assumed that the liquid phase affects 

the movement of the particles and is not affected by the 

movement of the particles. Particles are treated as fluid, it is 

considered that the particle and fluid are the continuous 

medium of mutual penetration and two phases in the Euler 

coordinate. The Euler equation and the RNG k-ε turbulent 

model were used in this paper. The relevant equations of the 

model are expressed as [10-11]: 

(1) Continuous equation: 

�
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Where	��is the volume fraction of phase q, ��is the speed 

of phase q,	�� �� is mass transfer from phase q to phase p, �� 

is the pressure of phase q, �� is the density of phase q. 

(2) Momentum equation: 

Liquid phase momentum equation: 
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Solid phase momentum equation: 
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Where 3!1 is exchange coefficient of momentum between 

the liquid phase and the solid phase,	* is external force, *!$+�  

is lift force; '̿ is shear tensile stress. 

(3) Turbulent kinetic energy equation: 
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(4) Turbulent energy dissipation rate equation: 
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The correction factor R is calculated as follows: 
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The turbulent viscosity :�, the model parameter	Land the 

production of turbulent kinetic energy ;6 	 are calculated as 

follows: 

;6 
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The adjustable constant >�= , 	>?= , 	L� , 	[  and 	>Y  are 

obtained by sufficient data statistics [12]: 

>�= 
 1.42, >?= 
 1.68, L� 
 4.38, 

[ 
 0.012, >Y 
 0.09. 

2.2.2. Parameters of the Mixer and Material 

The pot body is an irregular hemisphere. The bottom of the 

pot is hemispherical, whose diameter is 700mm. The total 

height is 365mm. As shown in Figure 3, the shape of the mixer 

is matched with the precooking device, which is tubular cross 

circular arc. The diameter of the arc is 570 mm. The diameter 

of the tubular section is 30mm. The distance between the 

center of a circle and cross horizontal tube is 150mm. And the 

distance of between the bottom of the pot and mixer is 60mm. 

 

Figure 3. Schematic diagram of the structure of mixer. 

The material to be stirred is solid liquid two phase entity of 

the flow. The density liquid phase is 1000kg/m
3
. The density 

of the solid phase is 1118kg/m
3
. And the diameter on the 

average is 36mm. According to the process characteristics of 

canned food, the ratio of material to water was determined as 

1:2 [13]. The volume fraction is 33%. 

2.2.3. Grid Partitioning 

In order to shorten the calculation time, the whole 

calculation area was simplified. The main body of the fluid 

domain was divided into grid by using tetrahedral structure. 

Figure 4 shows the final mesh of the model, in which (a) is 

global computational domain mesh model and (b) is mesh of 

the mixer. At the same time, the sliding grid method was 

adopted to divide the calculation area, which set up the 

dynamic and static regions [14]. The foundation of the sliding 

mesh model is to build an interchange interface at the 

turn/static interference, which makes the calculation domain 

to generate two relative motion sub domains that are 

connected by the non-uniformity grid interface. Therefore, in 

the division of the grid, it considered that the flow of fluid into 

the two sub domains of dynamic and static in different regions 

of the grid. Figure 5 shows the mesh model of static region. 

Figure 6 shows the mesh model of dynamic region. The total 

number of grid is 838,881. 

Mesh selection methods mentioned above to ensure that the 

grid in the model structure of the complex of the grid 

refinement and model in a single local grid is relatively sparse. 

At the same time, the grid change ratio is not too large. In this 

way, we can not only guarantee the quality of the grid, but also 

reduce the number of the grid, which can ensure the accuracy 

of the calculation and speed up the calculation. 

 

(a) 
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(b) 

Figure 4. Global computational domain mesh model. 

 

Figure 5. Mesh model of static region. 

 

Figure 6. Mesh model of dynamic region. 

2.2.4. Setting of the Boundary Conditions 

The boundary conditions were set and the flow field was set 

to the closed flow field in the computational domain of grid. 

Considering the difference of two kinds of liquid density 

difference, the effect of gravity should be considered in 

simulation. The standard wall function was adopted in the area 

of the wall of the mixing tank. The wall was set to no slip 

boundary. The surface of the fluid region and the mixer paddle 

was arranged as a rotating wall surface. The constant 

temperature steam heating was used. The steam was filled 

with the sandwich layer of the pot, and temperature was 110℃. 

According to the literature research [15], the speed of the 

mixer is set to 15r/min, 25r/min and 35r/min respectively. 

3. Results and Discussion 

3.1. Flow Field Distribution 

The temperature and time for precooking can be set 

according to the process parameters in the texture change 

curve of the heat processing of the shellfish, the precooking 

temperature will reach 100°C and precooking time is 

controlled in 60min [16]. Comparing the flow field 

distribution of vertical axial plane at different speed. The 

Rotation speed reached to 15r/min, 25r/min and 35r/min. 

Figure 7 shows the vertical liquid flow field at different 

speed. As we have seen, due to mixer, forming a cycle in the 

pot. The liquid flow from the liquid level along the mixer, 

which lash the bottom of the pot and then flow from the pot 

wall to the liquid level. Solid particles are driven by impact 

force and liquid speed, which are mixed or suspended, so that 

to achieve the purpose of mixer. Figure 8 (a) shows liquid 

phase distribution is very uneven when the rotation speed is 

15r/min. As you can see, the volume fraction of the liquid 

phase is maximum in the upper part of the mixing pot, and the 

solid particles are not well suspended which influences the 

mixing effect. There is an inverted cone at the bottom of the 

blender, in which the fluid flow from bottom to top whose 

direction is different from the other regions, and the speed is 

very small [17]. 

Figure 7 (b) shows flow field of the vertical surface of the 

mixing shaft when the speed of the mixer is 25r/min. As we 

have seen, liquid phase distribution is uniform. The high speed 

area of the liquid phase is mainly concentrated in the vicinity 

of the mixer, so that the solid particles are not easy to 

precipitate. 

The flow field of the vertical surface of the mixing shaft 

when the speed of the mixer is 35r/min is shown in Figure 7 

(c). As the rotation speed is larger, the impact force and the 

speed of the liquid flow are also increased. The liquid phase 

volume fraction is larger in the inner side of the mixer. 

 

(a) 
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(b) 

 

(c) 

Figure 7. Comparison of vertical liquid flow field at different speeds. 

3.2. Concentration Distribution 

It is found that the flow field distribution is more uniform 

when the rotation speed is 25r/min. The concentration 

distribution for the speed of the mixer at 25r/min is analyzed. 

As shown in Figure 8 and Figure 9, solid particle volume 

fraction distribution are simulated when the rotation speed is 

25r/min. Figure 8 shows volume fraction of solid particles in a 

vertical plane. Figure 9 shows the Horizontal solid particle 

volume fraction, in which (a) is the volume fraction of solid 

particles in the horizontal section of the 50mm at the bottom of 

the pot, and (b) is the volume fraction of solid particles in the 

horizontal section of the 5mm at the bottom of the pot. From 

the point of view of the distribution of solid particle volume 

fraction, the solid volume fraction in the bottom of the center 

position and the bottom wall is maximum. The volume 

fraction of the lower part of the mixer and the whole large 

circulation vortex area is the lowest. 

 

Figure 8. Volume fraction of solid particles in vertical plane. 
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(a) Volume fraction of solid particles from the bottom 50mm level 

 

(b) Volume fraction of solid particles from the bottom 5mm level 

Figure 9. Horizontal solid particle volume fraction. 

Analysis of the reasons for this phenomenon is that the solid 

particles are affected by two forces that the shear forces of the 

liquid flow and the gravity of the solid particles themselves in 

the process of mixing. The shear forces of the liquid flow 

makes the solid particles have a tendency to flow with the 

liquid. And the own gravity keeps the solid particles 

downward acceleration. The location of the solid particles to 

be deposited is the result of the combined action of the two 

forces. At the liquid level, the liquid flow rate is lower, and the 

gravity plays a leading role, so the solid particles are relatively 

low. The liquid flow insulating zone is formed due to the 

presence of the inverted cone flow pattern in the bottom of the 

mixer, where is high volume fraction region. There will be 

universal phenomenon that solid particles will be deposited at 

the bottom. But the bottom of the pot is curved, so that the 

solid particles will be greatly reduced, which is beneficial to 

the mixing. 

3.3. Comparison of the Textural Properties of Abalone at 

Different Speeds 

The tenderness and hardness of abalone were tested by TPA, 

which comparing with the reference value [18]. 

Figure 10 shows comparison of the measured value and the 

reference value of the tenderness and hardness of abalone at 

different velocities. As we have seen, the change trend of the 

measuring curve and the reference curve are consistent at 

different velocities. The measured value curve for the 

tenderness and hardness of abalone is more close to the 

reference value when the mixing speed is 25r/min, which are 

smaller deviations compared to the others. 

 

(a) Comparison of tenderness measured value and reference value curve 
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(b) Comparison of hardness measured value and reference value curve 

Figure 10. Three different velocities comparison from the textural properties 

of abalone. 

According to the detection of the textural properties for 

abalone that compared with the reference value. It is beneficial 

to the mixing when the mixing speed is 25r/min. 

4. Conclusion 

In this paper, according to the actual demand of the shellfish 

precooking processing machine, a new type of shellfish 

precooking processing machine is designed which based on 

the advanced processing technology. The intelligent 

combination unit is adopted in the elevating device, the 

characteristics of which is higher operating speed, lower noise, 

longer maintenance-free, easy to establish accuracy and 

excellent. The material is heated evenly by use of the tilting 

steam jacket kettle to achieve high thermal area and high 

heating efficiency. 

The shape of the mixer is different from the conventional, 

which is tubular cross circular arc. The fluid field about the 

mixer is simulated at rotational velocities. The flow direction 

and the law of the simulation are the same as the results of the 

previous researchers. Moreover, the arc-shaped bottom 

reduced accumulation of solid particles, which is beneficial to 

the mixing. The results of the simulation and the design 

requirements are in line with. 

From the whole flow pattern of the liquid flow, the liquid 

flow from the liquid level along the mixer, which lash the 

bottom of the pot and then flow from the pot wall to the liquid 

level. Solid particles are driven by impact force and liquid 

speed which are mixed or suspended, so that to achieve the 

purpose of mixer. From the point of view for comparison of 

the distribution of the flow field and the textural properties of 

abalone at different velocities, the mixing speed for 25r/min is 

better for precooking processing. 

In future study, it is necessary to comprehensively analyze 

the factors, which affect the uniform distribution of the mixer. 

And the shape of the mixer is further optimized to meet the 

needs of production. 
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