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Abstract: The simulation of this type of expander generally adopts empirical formula
or one-dimensional numerical simulation due to the complicated meshing curves of single
screw expander (SSE). However, these existing methods cannot obtain the distribution of
pressure field and velocity field of fluid in the expander. In this paper, 3D solid modelling
and dynamic grid technology are used to carry out numerical simulation of intake,
expansion and exhaust process of single screw expander by CFD software. Besides, the
distribution laws of pressure field and velocity field of single screw expander are acquired.
This paper provides a new idea for the optimal design of single screw expander.

1. Introduction

In recent years, with sharply increasing pressure from energy consumption and environmental
governance, the development of renewable energy and the improvement of energy efficiency are
significant ways to solve energy problems[1,2]. Up to now low-grade heat energy recovery and
power generation technologies mainly include Organic Rankine Cycle (ORC), water vapor Rankine
Cycle and Karina Cycle[3]. Expander is a core component, which directly affects the efficiency of
power generation. Single screw expander is a modified expansion machine with single screw
compressor, mainly composed of case, rotor and star wheel. In addition to the advantages of
positive displacement expander, single screw expander has many attractions, such as simple
structure, long service life, force balance, high volume efficiency, low noise, etc.[4-9]. It is an ideal
expander for industrial waste heat and pressure recovery.

Ziviani and Giuffrida et al.[10,11] studied the performance of SSE by experiments, and further
established the mathematical model of the expander. Simultaneously the influence law of internal
leakage and friction loss of the expander on the system performance was analyzed. Guo Zhiyu[12]
numerically optimized the intake and exhaust structure of SSE and verified it through the ORC
experimental system. Shen Lili[13] conducted the leakage process of a SSE, analyzed profoundly
the change of leakage line with the angle of the screw. Followed a leakage model applicable to the
expander was given. Because the actual working process of SSE is affected by many factors, the
energy equation and mass equation are mostly applied to establish the mathematical model. It is
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extremely difficult to get the flow field distribution inside the expander, ignoring the momentum
equation.

In this paper, CFD dynamic grid technologies and adaptive grids based on pressure and
temperature gradient are applied to the numerical simulation of the working process of single screw
expander, which provides guidance and help for the design and optimization of SSE.

2. Structure and Working Principle

The structure of the single screw expander is shown in the Figure 1. Inside the shell of the single
screw expander, a screw and two symmetrically distributed star wheel planes constitute a meshing
pair. The screw groove, star wheel teeth and the inner cavity of the shell form an enclosed working
space. The working substance with a certain pressure expands in the volume of the basic element,
then pushes the screw and star wheel to do rotation and work. The working process of a SSE is
divided into three steps including intake process, expansion process and exhaust process. A
common single screw expansion power machine usually has six screw slots, which are separated
into two spaces by two star wheels, upper and lower. The intake, expansion and exhaust processes
are completed respectively[14]. The structural parameters of the SSE employed in this paper are
shown in Table 1.

Figure 1: Single screw expander schematic diagram.

Table 1: The geometric parameters of screw rotor and star wheel.

Parameter Value
Screw rotor diameter 117 mm
Star-wheel diameter 117 mm
Internal volume ratio 2.95
Central distance 93.6 mm

Number of screw grooves 6
Number of star-wheel teeth 11

3. Fluid Dynamics Simulation

3.1. Geometric Modelling and Mesh Generation

The screw star wheel meshing surface of a SSE is relatively complex. In this paper, CREO software
with the powerful 3D surface modeling capability is used to build a 3D solid model, and Converge
CFD software does the numerical analysis. On account of the complexity of flow field of SSE,
screw and star wheels are defined rotors. The grids around the rotors change with the rotating of
rotors. this article adopts the formidable Cartesian grid partitioning of converge software, and basic
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mesh size is 5mm. Level 3 mesh refinement processing is carried out on screw and star wheels’
surfaces, at the same time grid adaptive encryption function based on velocity and temperature
gradient is taken timely. In order to exponentially reduce the number of grids, level 3 and level 2
refinement are employed in temperature gradient, and pressure gradient respectively.

3.2. Mathematical Model

According to the working state and internal flow field of SSE, the transient calculation is selected.
The continuity equation, energy equation and momentum equation are used in this paper. RNG K-
Epsilon turbulence model and PISO algorithm are used to simulate the SSE unsteadily [15]. The
dissipation rate equation and turbulent kinetic energy equation are solved by first-order upwind
scheme, while the energy and momentum equation are solved by central difference scheme.

3.3. Setting of Boundary Conditions and Calculative Parameters

Based on the basic theory of CFD, it is necessary to set the boundary conditions and initial
conditions of the mathematical model when simulating the dynamic characteristics of internal fluids
of SSE through Converge.

The inlet and outlet both are pressure boundaries, meanwhile, the wall is set as adiabatic wall
and medium is air. The specific parameters are illustrated in Table 2.

Table 2: Boundary condition.

Parameter Value
pressure-inlet 0.74 MPa

Temperature-inlet 293.15 K
pressure-outlet 0.15 MPa

Temperature Backflow 190 K
Wall boundary Adiabatic, No slip
Screw speed 3000 rpm

4. Results

4.1. Pressure Field

Pressure contour plot of SSE is shown in Figure 2. High-speed rotating screw form the negative
pressure in the screw groove, and subsequently gas from triangular inlet port is sucked until the
exhaust port is opened to force the gas out. It can be seen from the pressure contour plot that the
pressure value on the screw surface increases successively from the suction end to the exhaust end,
and the pressure on the exhaust end reaches the maximum point. The screw and star wheel meshing
area is above the star wheel, and the pressure value is larger. While the below belonging to the non-
meshing area, the pressure is smaller. The pressure changes in the adjacent grooves of the expander
can be clearly observed because each groove is 60 degrees apart and has periodic changes.
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Figure 2: Pressure contour plot on the rotor.

4.2.Velocity Field

Velocity contour plot of SSE is shown in Figure 3. The velocity of the whole flow field is
comparatively stable from the velocity distribution diagram of SSE, and the velocities are bigger at
the intake and exhaust ports, the clearance between screw and shell, and the meshing clearance
between star wheels and screw. According to the velocity figure, the gas velocity in the clearance
between the screw grooves and shell and the clearance between the star wheels and the screw
grooves is far greater than that in the screw grooves. There is an evident leakage of working gas.
The greater the pressure differential between the high and lower pressure area, the more evident
leakage caused by the gap. And the fluid velocity in the gap is considerably higher than that in the
grooves.

Figure 3: Velocity contour plot and vector diagram on the rotor.

4.3.Variation of Intake Pressure and Velocity

The single screw expander achieves air intake through periodic connection between triangular inlet
port and spiral grooves, which leads to the unavoidable fluctuation of velocity and pressure at the
air inlet. Figure 4 and Figure 5 show the fluctuation and periodic change of pressure and velocity at
the triangular inlet port. Therefore, the periodic opening and closing of triangular inlet port and
spiral grooves inevitably leads to pressure loss, which is an essential part of the pressure intake loss
of SSE.
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Figure 4:Velocity trends at triangular inlet ports.

Figure 5:Pressure trends at triangular inlet ports.

4.4. Variation of Output Torque of Screw Rotor

As can be seen from Figure 6, the torque of the single screw expander shows periodic changes. The
intake and exhaust periodically in the screw grooves, and the periodic expansion of gas in the screw
grooves lead to the regular change of the screw output torque, which is consistent with the actual
situation.

Figure 6: The torque at the SSE shaft according to the time.
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5. Conclusion

By RNG K-Epsilon turbulence model and PISO algorithm, the three dimensional transient
numerical simulation of internal flow field of SSE is finished using the Converge software. Then
the pressure, velocity distribution of whole working process of the air intake, expansion and exhaust
are obtained. The pulse of velocity of intake and exhaust ports over time and internal small gaps
leaks of expander are comprehensively summarized. The above results indicate that by establishing
an effective and reliable numerical calculation model and selecting reasonable initial conditions,
boundary conditions and parameter settings, the simulation of SSE and other rotating machinery can
be carried out effectively and accurately. This paper could provide a significant idea for the
optimization and design of fluid machinery.

Acknowledgments

This work is supported by the National Natural Science Foundation of China (NO.51706004) and
Beijing Municipal Natural Science Foundation (NO. 3202006).

References

[1] Pradeep Varma GV, Srinivas T. Power generation from low temperature heat recovery[J]. Renew Sustain Energy
Rev. 75 (2017) 402-414.

[2] Ziviani Davide, James Nelson A, Accorsi Felipe A, Braun James E, Groll Eckhard A. Experimental and numerical
analyses of a 5 kWe oil-free open-drive scroll expander for small-scale organic Rankine cycle (ORC)
applications[J]. Appl Energy. 230 (2018) 1140-1156.

[3] Mengying Wang, Xiao Feng, Yufei Wang. Comparison of energy performance of organic Rankine and Kalina cycles
considering different waste heat sources [J]. CIESC Journal. 67 (2016) 5089-5097.

[4] Wei Wang, Yuting Wu, Chongfang Ma, et al. Preliminary experimental study of single screw expander prototype[J].
Applied Thermal Engineering. 31 (2011) 17/18 3684-3688.

[5] Yuanwei Lu, Wei He , Yuting Wu, et al. Performance study on compressed air refrigeration system based on single
screw expander[J]. Energy. 55 (2013) 15 762-768.

[6] Wei He, Yuting Wu , Yanhai Peng, et al. Influence of intake pressure on the performance of single screw expander
working with compressed air[J]. Applied Thermal Engineering. 51 (2013) 1/2 662-669.

[7] Wei Wang, Yuting Wu, Chongfang Ma, et al. Experimental study on the performance of single screw expanders by
gap adjustment[J]. Energy. 62 (2013) 1 379-384.

[8] Wei He, Yuting Wu, Chongfang Ma, et al. Energy efficiency analysis for air-powered vehicle system based on
single-screw engine[J]. Journal of Mechanical Engineering. 47 (2011) 6 150-155.

[9] Wei He, Yuting Wu, Chongfang Ma, et al. Research of air powered engine system using two-stage single screw
expander [J]. Journal of Mechanical Engineering. 46 (2010) 10 139-143.

[10] ZIVIANI D, GUSEV S, LECOMPTE S, et al. Characterizing the performance of a single-screw expander in a
small-scale organic Rankine cycle for waste heat recovery[J]. Applied Energy. 181 (2016) 155-170．

[11] GIUFFRIDA A. Improving the semi-empirical modelling of a single screw expander for small organic Rankine
cycles[J]. Applied Energy. 193 (2017) 356-368．

[12] Yeqiang Zhang , Yuting Wu, Guodong Xia, et al. Performance study on single screw expander in organic Rankine
cycle system[J]. Journal of Mechanical Engineering. 51 (2015) 16 156-163.

[13] Lili Shen, Wei Wang, Yuting Wu, Liang Cheng, Biao Lei, Ruiping Zhi, Chongfang Ma. Theoretical and
experimental analyses of the internal leakage in single-screw expanders[J]. International Journal of Refrigeration.
86 (2018) 273-281.

[14] Dingguo Deng, Pengcheng Shu. Rotary Compressor [M]. Beijing: CHINA MACHINE PRESS, 1982.
[15] Fujun Wang. Research progress of computational model for rotating turbulent flow in fluid machinery[J].

Transactions of the Chinese Society for Agricultural Machinery.47 (2016) 2 1-14.

430


	1.Introduction
	2.Structure and Working Principle
	3.Fluid Dynamics Simulation 
	3.1. Geometric Modelling and Mesh Generation
	3.2. Mathematical Model 
	3.3. Setting of Boundary Conditions and Calculative Pa
	4.Results 
	4.1. Pressure Field
	4.2.Velocity Field 
	4.3.Variation of Intake Pressure and Velocity 
	4.4. Variation of Output Torque of Screw Rotor
	5.Conclusion



