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Optimization of Steam Ejector Structure Based on Adjoint
Optimization and Orthogonal Experiment

FANG Kaiyue, MAO Weibin, CAO Zhengging, ZHANG Xinchen, YANG Xuelong’
(College of Metrology Measurement and Instrument, China Jiliang University, Hangzhou 310018, China)

Abstract As the core component of the steam ejector refrigeration system (ERS), the performance of the
steam ejector has a significant impact on the overall system's operation, directly determining the refrigeration
efficiency. The adjoint method is applied to the ejector field, and a visualization scheme is established for sensitivity
analysis to identify key structural parameters. The range of levels for the key parameters is determined through
single-factor analysis, and an Lo(3") orthogonal table is constructed to derive the optimal structural parameter
combination. The adjoint optimization method is further applied to optimize the main nozzle structure of the optimal
parameter combination. The study shows that the adjoint method can quickly identify key regions affecting
performance in complex geometries. The optimal parameter combination obtained through orthogonal experiments
improves the ejector's entrainment ratio (ER) by 7.6%, while the adjoint optimization method further increases the
ER by 26.7%. The use of a segmented convex curve for the nozzle contraction section enables a smoother fluid
acceleration process in the nozzle region, reducing energy loss and significantly enhancing the ejector's
performance.
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Fig. 1 Schematic diagram of steam ejector refrigeration system
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Fig.2 Steam ejector structure diagram
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Tab. 1 Main geometrical parameters of the steam ejector

JUFTIEAR HfH
IR B4R 2 mm
W A 35 mm

Mg L B B 34 mm
W O EAR 8 mm
ST ARBL B 95 mm

PEBRKE 180 mm
REEKE 130 mm
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Fig. 3 Ejector computational domain and mesh details
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Fig. 7 Sensitivity analysis diagram for steam ejector
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Tab.3 Orthogonal list
A B C D ER
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