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Model analysis and design of the two-stage vacuum
ejector used in MED-TVC system
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2.School of Control Science and Engineering, Shandong University, Jinan 250061, China)

Abstract: In this paper a two-stage vacuum ejector model is proposed, which is applied in the multi-effect distillation with thermal vapor
compressor ( MED-TVC) system, and can improve the vacuum degree and operating efficiency of the system. A scale ratio of 1:2
between the key dimensions of the two stage ejectors is proposed in the ejector structure design. In order to verify the structure and
investigate the complex flow field inside the two-stage ejector, the computational fluid dynamics (CFD) simulation software is adopted to
carry out the modeling and simulation analysis of the ejector, and the inner flow field characteristics are presented. In order to investigate
the influence of primary flow pressure on the performance of the ejector, the primary flow pressure was increased from 550 kPa to
630 kPa while the suction pressure and back pressure were fixed. It was found that the entrainment ratio of the ejector rises firstly, and
then reaches a maximum value of 0. 073 ; after the maximum point, it begins to decrease with the increasing of the primary flow pressure.
The two-stage ejector can achieve a vacuum degree of around 5. 8 kPa under the condition of primary flow pressure of 600kPa and back
pressure of 100 kPa, which indicates that the proposed structure can effectively improve the operating efficiency and reduce energy
consumption of the MED-TVC system.

Keywords : two-stage vacuum ejector; CFD; vacuum degree; inner flow field
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Fig.1 System of the MED-TVC system with a vacuum ejector
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Fig.2  Structure of the conventional ejector
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Fig.3 The performance of the entrainment ratio and

compression ratio of the conventional ejector
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Fig.4  Structure of the two-stage ejector
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Table 1 Key structure parameters of the two-stage ejector

H—2/mm 5 4%/ mm

W AT T 75 15 30
W O B AR 16 32
M 85 T 718 A 7.5 15
Mg < i 85 170
W B 106 212
RAEEKE 46.5 93
P HEERKE 207.5 415
REEHR 20 40

1.3 CFD #REI5HE
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Fig.5 Calculation domain and grid structure of the

two-stage ejector
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Table 2 Simulation boundary conditions of the

b

two-stage ejector
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Fig.6 The Mach number of the models with different

number of grids distributed along ejector x axis
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Fig.7 The performance comparison between two-stage

ejector and traditional single stage ejector
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Fig.9 The contour of Mach number that is greater than 1
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Fig.10  The contour of the flow field temperature inside

the two-stage ejector
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Fig.12  The contour of the flow field density inside the

two-stage ejector
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Table 3 Experiment data of the two-stage ejector
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kPa (g-s™") kPa (g-s™")
1 653.8 166.23 6.1 3.28 0.019 7
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3 672. 4 168. 74 5.8 3.22 0.019 1
4 659. 4 162. 15 5.97 2.97 0.018 3
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Fig.15 The influence of primary flow pressure on the

entrainment ratio of the ejector
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