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Abstract

Mechanical filtration of solid and liquid phases with the help of centrifuge mechanism
is a common operation in industries particularly for salt dehydration. The process is
mainly based on the centrifuge action between particles and fluids. Currently most of
the studies have been performed on single-stage centrifuges while there it is required
to know and analyze the behavior of the multi-stage pusher centrifuges in order to
optimize their efficiency. The structure and dynamic performance of the two-stage
pusher centrifuge device has been analyzed in the current study in three phases: modal,
particle behavior, and transient state dynamics analysis. The results of the modal
analysis have demonstrated that the safety margin obtained in the context of the
resonance occurrence for the internal basket set and subset due to linear and rotational
inertial forces has been 40%. Based on the results of the transient dynamics analysis,
the stability of the particle behavior has been about 5.5 s or 68% of the particle feeding
time, the maximum displacement at the critical point of the inner basket subset has
been 0.51 mm, and the critical stress value has been about 27 MPa; which has been
acceptable in terms of mechanical strength of the assembly versus the stresses and
strains caused by the operation of the device. Thus, it is recommended based on the
results to maintain the maximum rotational motion (36.68 rad/s) and no significant
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change in the particle feeding rate compared to the specified value (0.56 kg/s).
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1- Introduction

Mechanical filtration of solid and liquid phases is a
common operation in industries including chemical,
pharmaceutical, wastewater treatment, and food
industries (Ergun & Orning, 1949). In this regard,
centrifuges are used for a wide range of
applications, the most common of which is related
to dewatering (Leung, 1998). Pusher centrifuge
device is used for dewatering, drying and separating
materials  (fibers, crystals and powders)
continuously. Input mixture enters the centrifuge
through the feed pipe and is distributed uniformly
inside the centrifuge basket when it goes to the
distributor.

Currently different theoretical researches have
been done on two-stage pusher centrifuges. The
main reason for this issue is the complexity and
variety of centrifuge separation processes. Mainly,

the inability to determine the dimensions, shape,
and movements of particles accurately due to the
irregular conditions created on them, makes
complex mathematical problems. This issue leads to
difficulties in conducting theoretical studies of this
process. On the other hand, parameter optimization
based solely on experimental tests is not very
reliable and costly. Therefore, in order to determine
the laws governing fluid flow in the centrifuge
process, appropriate mathematical models can be
developed (Wang, Brannock, Cox, & Leslie, 2010).

In the present study, the analysis of the structure
and dynamic performance of the two-stage pusher
centrifuge device has been demonstrated. In this
regard, the simulation task has been considered for
the subsets of the inner basket, the outer basket, and
the feeding chamber in three phases: modal
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analysis, particle behavior analysis, and transient
state dynamics analysis. Finite element analysis
results have been analyzed and compared with the
experimental results.

2- Methods
2-1-Simulations

In order to perform modal analysis in the software,
boundary conditions and connections were applied
on the set and members according to Fig. 1. The
material used for the members was stainless AlSI
304.

D> SA-Basket2
SA-Basket 1

Boundary condition 3: Fixed

& Rotating disk

’-' Connection 2: Fixed

Fig. 1: Schematics of the model used for modal analysis; The cut
view of the model along with the display of connections and
boundary conditions (The wedge-wires are depicted in a simple
form for simplicity of the display.)

In order to apply the dynamic stress distribution
obtained from the particle behavior analysis section,
time-stress distribution functions were defined in
the form of tabular functions

3- Results and Discussion

The results obtained in this section include the
relative displacements caused in the parts and the
calculation of their natural frequency. In order to
interpret the results of the modal analysis, the
natural frequencies of the set and the subset of the
inner basket have been compared with the normal
working vibration frequency of the device. Then the
resonance phenomenon for the critical mode has
been investigated. The critical mode was assumed
as the mode in which the maximum displacement
has occured. Also, a comparison has been made

between the natural frequency of the set and the
subset of the internal basket.

According to the rotational speed of the device
(36.65 rad/s), it can be concluded that the normal
working vibration frequency of the device is 5.83
Hz. According to the results the natural frequencies
of the modes are different from the normal working
vibration frequency of the device. Thus, the
probability of the resonance phenomenon is
negligible for the set. The stress distribution and
displacement results have been specifically
discussed here. It should be noted that displacement
in transient state dynamic analysis has been about
the differential displacement, while kinematic
displacement and motion analysis haven’t been
directly analyzed here.

_Max 1.00006+00 mm]
S

Mo 19148¢-02 {mm]

Design study 1| Modal 1

Fig. 2: The result obtained from the modal analysis performed on
the assembly in mode 1 in the form of the color contour of the
relative maximum displacement

4- Conclusions

In this study, the structure and dynamic
performance of the two-stage pusher centrifuge
were analyzed. In this regard, the simulation process
was done in three phases: modal analysis, particle
behavior analysis, and transient state dynamics
analysis. Based on the results, the stability of the
particle behavior was about 5.5 s or 68% of the
particle feeding time, the maximum displacement at
the critical point of the inner basket subset was 0.51
mm, and the critical stress on it was about 27 MPa;
which means the acceptable mechanical strength of
the assembly versus the stresses and strains caused
by the operation of the device. What can be inferred
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based on the results of the analysis was the
recommendation to maintain the maximum
rotational motion (36.68 rad/s) and no significant
change in the particle feeding rate compared to the
specified value (0.56 kg/s).
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