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Abstract Computational fluid dynamics (CFD) techniques combined with orthogonal test methods were used
to optimize the structural parameters of steam ejector nozzles to improve efficiency. With the objective of
simultaneously optimizing the shape curve of the nozzle shrinkage section, the throat length, and the angle of the
diffusion section, and taking the entrainment rate (ER) and critical back pressure (CBP) as the performance indexes,
the Ly(3’) orthogonal table was established to develop nine sets of test protocols with 77 cases. A wet steam model
was used to calculate the phase change phenomena during steam flow. The importance of three parameters was
determined through range analysis, and the overall flow field and nozzle flow field were analyzed. The results show
that the main factor affecting the working steam flow rate, entrainment rate, and critical back pressure of the steam
ejector is the shape curve of the nozzle contraction section; quadratic curves, shorter throat lengths, and larger
diffusion section angles contribute to lower nozzle resistance and higher working steam flow rates; the wet steam
model takes into account the condensation phenomenon of the ejector and provides a more realistic calculation of
the flow inside the ejector.
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Fig. 1 Steam ejector structure diagram
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Tab. 1 Main geometrical parameters of the steam ejector
URGHZTN Hfe
M I B4R 2 mm
M ) 1 EAR 8 mm
WG L 1A 35 mm
REZAOHE 24 mm
M4 ELAR 19 mm
WA 95 mm
PR 180 mm
REEKE 130 mm
MG L TR 1 mm
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Fig.2 Computational domain and mesh details
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Fig. 3 Comparison of calculation data and experimental results

for ejectors with different nozzle structures
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Tab.2 Orthogonal experimental factors
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Tab.3 The curve equation
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Tab.4 Orthogonal experiment scheme

SRS A B C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2
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Tab. 6 Analysis of the mass flow rate of primary steam
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Tab. 5 Simulation results

my(kg-s ) m(kg's") ER CBP  FRfl%ht
1 0.00124890 0.00059237 0.474 5100 9
2 0.00124006 0.00059525 0.480 5100 8
3 0.00123091 0.00059720 0.485 5100 8
4 0.00132469 0.00058930 0.445 5400 8
5 0.00130727 0.00059209 0.453 5400 9
6 0.00129683 0.00058521 0.451 5300 9
7 0.00132186 0.00059214 0.448 5400 8
8 0.00130415 0.00058531 0.449 5300 9
9 0.00129436 0.00059049 0.456 5300 9

A B C
ky 0.001239957 0.001298483 0.001283293
k, 0.001309597 0.001283827 0.001286370
ks 0.001306790 0.001274033 0.001286680
R 0.000069640 0.000024450 0.000003387
RT mHHwE
Tab. 7 Analysis of the mass flow rate of secondary steam
A B C
ky 0.00059494 0.00059127 0.00058763
k, 0.00058887 0.00059088 0.00059168
ks 0.00058931 0.00059097 0.00059381
R 0.00000607 0.00000039 0.00000618
£8 ERSIE
Tab. 8 Analysis of entrainment rates
A B C
ky 0.480 0.456 0.458
k, 0.450 0.461 0.460
ks 0.451 0.464 0.462
R 0.030 0.008 0.004
®9 CBP &%
Tab. 9 Analysis of critical back pressure
A B C
k 5100 5300 5233
k, 5367 5267 5267
ks 5333 5233 5300

R 267 67 67
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Fig. 4 Mach number along the centerline of the ejector and its

nozzle at p,=3.0 kPa. (a) Overall Mach number, (b) main

nozzle Mach number
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