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Abstract. Increasing demands for more efficient screw compressors design method 
to overcome the problems of rotor profile modification and compressor perfor-
mance test establishment. A new method for the design of screw compressor shape, 
size and dimension is described here. As a result, NURBS curves and computa-
tional fluid dynamics (CFD) theory being applied to overcome these two problems. 
NURBS curves are introduced to construct a new rotor profile based on the rotor 
profile of unilateral asymmetric combined cycloid with pin gear arc. The numerical 
simulation models of the new profile and the original profile are built to find out 
the distribution law of pressure and velocity in twin-screw compressors under the 
operating speed by the means of FLUENT software. Finally, according to the si-
mulation results, the rationality of the designed rotor profile is verified, and new 
schemes for further optimization are explored. 

Keywords: Computational fluid dynamics, Freeform curves, Design, Rotor 
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1 Introduction 

Screw compressors are compact, efficient and reliable. Consequently, they are widely 
used in industrial application as well as refrigeration systems [1]. 

Rotor profile is the key factor of twin-screw compressor performance. There are a lot 
of rotor profile design methods. N. Stosic, et al. [2] proposed an optimization method for 
screw compressor. He Xueming, et al. [3] presented a positive and reverse design method 
of screw rotor profiles with freeform curves. Moreover, Yu-Ren Wu, et al. [4] proposed a 
method for screw compressor rotor profile design based on any arbitrary sealing line. 
With the development of computational fluid dynamics theory, numerical simulation is 
becoming increasingly widespread in the design of the screw compressor profile. Wen 
Jing, et al. [5] used numerical simulation technology in the design of a twin-screw knead-
er. Shi Wen, et al. [6] proposed an analysis model of twin-screw compressor rotor to 
provide a theoretical basis for profile design and optimization. 

NURBS curves are the most general B-spline curves, which could be adjusted 
through changes of control points or modification of parametric equation weights [7]. 
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5 Conclusion 

In this paper, the freeform curves (NURBS curves) are used to establish rotor profiles 
to achieve a smooth mesh of the rotors, and the modification of rotor profile could be 
made through adjusting the control points or weight factors of the curves. The CFD 
theories and freeform curves are introduced to twin-screw rotor profile design. Based 
on the numerical simulation results, freeform curves are applied to the design or op-
timization of the rotor profile until a newly good performance profile to be acquired. 
Through the new design method, the number of physical experiments is reduced as 
few as possible to achieve the superiorities of time, cost, reliability and agility. 

Acknowledgement. This project is funded by Natural Science Foundation of China 
(51275210), (51105175); Industry-University-Research Foundation of Jiangsu Prov-
ince (BY2013015-30); and Six-Major-Talent-Summit Project of Jiangsu Province, 
China(2013-ZBZZ-016). 

References 

1. Sun, X.: Analysis of Market Development Trends of Screw Compressor for Process Gas. 
Compressor Technology 1, 65–68 (2012) 

2. Stosic, N., Smith, I.K., Kovacevic, A.: Optimization of screw compressors. Applied Ther-
mal Engineering 23(10), 1177–1195 (2003) 

3. He, X., Dai, J., Liu, H.: Positive and Reverse Design of Screw Rotor Profiles Based on 
Freeform Curve. China Mechanical Engineering 23(22), 2752–2756 (2012) 

4. Wu, Y.-R., Fong, Z.-H.: Improved rotor profiling based on the arbitrary sealing line for 
twin-screw compressors. Mechanism and Machine Theory 43(6), 695–711 (2008) 

5. Wen, J., Sun, X., Sun, W., et al.: Rotor Profiles Design Method and Numerical Simulation 
for Twin-screw Kneader. Chinese Journal of Mechanical Engineering 49(3), 63–73 (2013) 

6. Shi, W., Yu, X., Li, J.: Finite Element Modal Analysis of Double Screw Compressor Rotor. 
Compressor Technology 4, 7–9 (2012) 

7. Chen, J., Cui, H.: Shape modification of NURBS curves based on weight. Journal of Naval 
University of Engineering 24(4), 108–112 (2012) 

8. Han, X., Qian, R.: A study of the basic theory of fluid mechanics. Spatial Structure 14(3), 
9–12 (2008) 


	A Twin-Screw Rotor Profile Design Method Based on Computational Fluid Dynamics
	1 Introduction
	2 Twin-Screw Com mpressor Design
	3 Design and Opti imization
	4 Numerical Simu ulation
	5 Conclusion
	References




