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Thermodynamic design and structural optimization of a high-temperature
high-pressure steam ejector based on mixing entrainment mechanism
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3. Shanxi Research Institute of Huairou Laboratory, Taiyuan 030024, China)

Abstract: Steam ejector technology integrated into combined heat and power systems enables effective thermal-
electric decoupling and deep load following, with ejector performance directly influencing overall efficiency and
operational stability. A one-dimensional thermodynamic design model for high-temperature and high-pressure
steam ejectors is developed by incorporating the development characteristics of the compressible mixing layer. The
concept of compressible mixing layer thickness is introduced based on the entrainment mechanism to determine the
radial dimensions of the ejector. Numerical simulations are performed to evaluate ejector performance and flow
field characteristics, which guide the optimization of axial dimensions. The optimal structural parameters are
identified as a nozzle-to-mixing chamber distance of 6 mm, a mixing chamber length of 42 mm, and a diffuser angle
of 4.4< An experimental system is constructed to validate the proposed design method, and the results show an
average relative error of 6.6% between the predicted and measured entrainment ratios, demonstrating the model’s
accuracy. The results provide a theoretical foundation for the structural design of high-temperature and high-
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pressure steam ejectors and hold significant potential for practical engineering applications.
Key words: thermal-electric decoupling; ejector; high-temperature and high-pressure; mixing entrainment;

thermodynamic mode
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Fig.1 Schematic diagram of ejector modeling
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Fig.8 Mach number contours with different diffuser angles
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Fig.9 Schematic diagram of the high-temperature and high-
pressure steam ejector experimental system

E 10 SREEEHEASIHRITRARERA
Fig.10 Photographs of the high-temperature and high-
pressure steam ejector experimental system




5 34

B TR GBS AR SR A A S S i 61

ASCHAT TR 3, RAASCHAT T €
5 SR SRR 4, B 11 45 T 5123
KtERea R, iRl M. HE ST IR
JEIS, SIS REBEANGET EARLL, 515 a ATl
F LU, Bfrfee; AERELRAR LR,
S5 R EEEE I R R R, RIS S RERE
AR Y SR . AT, ARSI
WIS A AR D0 TARRE, HE 2 ustThy
P2
R4 KO TEBERSIFHREMRT B4 mm

Tab.4 Structural dimensions of the ejector determined by
the proposed design method
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Fig.11 Change of the entrainment ratio with back pressure
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Fig.12 Error distribution of the entrainment ratio under
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Tab.5 Comparison of area ratios: calculated by the proposed model, the one in reference [21], versus the experimental data
in reference [6]

i TAFJE J1/kPa 54} £ /1/Pa 5 JE/kPa SCHR[6] 5L 368 CHR[21]3% %% A LARFE%
1 604 104 710 40 9.83 1473 0.875
2 604 120 540 40 8.25 -3.010 ~1.806
3 604 127 630 40 7.26 ~4.790 ~4.766
4 604 126 780 40 7.73 -5.300 -5.201
5 604 142 300 40 6.44 —7.730 -4271
6 538 107 670 40 8.28 0.493 0.374
7 538 122180 40 6.99 -0.950 -0.458
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o] TAEFE F1/kPa 515K 1/Pa ¥ [E/kPa SCHR[6] 550 1H SCHR[21] 82 %1% RICRZE%
8 538 128 050 40 6.44 —4.290 3711
465 102 180 40 7.73 1.466 1.255
10 400 91212 40 7.73 -1.710 ~1.242
11 604 105 080 47 9.83 4.098 2.757
12 604 110 300 47 9.41 1.404 0.893
13 604 129 770 47 7.26 -0.790 -0.496
14 538 116 120 47 7.73 1.791 1578
15 538 130 640 47 6.44 -1530 -0.978
16 465 90 559 47 9.41 3.783 3.751
17 465 116 120 47 6.44 -2.910 -2531
18 400 80 595 47 9.41 2.940 2.561
19 400 91541 47 7.73 6.314 5.718
A 2025, 54(5): 92-101.
545 1t [2] EKH, KO, B, % SR G R I
SHERMERE I MTI]. AR, 2024, 53(11): 147-154.
eSS ER SR T, Mg T —2EH sy XIA Dawei, ZHANG Shaofeng, LI Ling, et al.
X 1 i 15 & g 9
g - N e e s 7L AL Performance analysis of integrated steam injectors in
1 A = 0 A . .
PHBLRY 5 B SR 45 & [ AR S AR A B cogeneration systems[J]. Thermal Power Generation,
Trike EIK “Im SR BIg TN —4ER ) ot 2024, 53(11): 147-154.
- . \ . " . [3] SONGYJ, WANG C, WANG L, et al. Design criterion of
b1t 22yE A + AYE A 725 , ) )
REHTHERGED, JaaRa RIS critical mode ejector for PEMFC hydrogen supply and
TstE, R TIRA SN O EA LR S S50 recycle system[J]. Applied Energy, 2025, 377: 124566.
N ~y JERYN [4] KEENAN J H, NEUMANN E P, LUSTWERK F. An
RATTE, ERARITT. ) - X investigation of ejector design by analysis and
D REFFE. shEL AReETE, XHEEA experiment[J]. ASME Journal of Applied Mechanics,
\ vy 1950, 72: 299-309.
L 1=} —_ =ovH = n B‘/: Ry ’
PRIE, it 1 ‘ ﬁﬁﬁﬁ?ﬁ/m'ﬁj{zz“{ﬁlﬁﬁﬁm [5] CHENW X, LIU M, CHONG D T, et al. A 1D model to
B RS ISR R . (EVR A AR L 2 predict ejector performance at critical and sub-critical
i L IE TR e PN operational regimes[J]. International Journal of
il b, SIA “HRFRETBUR, R TR SR gt Refrigeration, 2013, 36(6): 1750-1761.
b, BERURIE AT RAR & JE KR AL SIATEAE (6] HUANG B J, CHANG J M, WANG C P, et al. A 1-D
NEPN=Y= A oo BT 42 . B analysis of ejector performance[J]. International Journal
/EF'E); PR, E‘%ETglﬁﬁﬁ%%ﬁﬁRi’ Bt of Refrigeration, 1999, 22(5): 354-364.
RIS R S I SC AR & R [7] LIUF, GROLL E A. Study of ejector efficiencies in
2) 2B BT R RE . B gTEE UL R R s refrigeration cycles[J]. Applied Thermal Engineering,
Thm e - ; 2013, 52(2): 360-370.
PR, EASCRE TOURM N, HER SIS [8] LIV J P, WANG L, JIA L. A predictive model for the
ARG SE BN B 6 mm., JBEEKE performance of the ejector in refrigeration system[J].
e ) Energy Conversion and Management, 2017, 150: 269-
2mm. ¥JIEEME 4.4 276.
3) B T E R AR D] B seIs RS, St [9] CARDEMIL J M, COLLE S. A general model for
) . o o RS evaluation of vapor ejectors performance for application
SRAFHI 5] 3 R B WAHE R P AR R 228 6.6%, in refrigeration[J]. Energy Conversion and Management,
WA T W MR . S A S S B 8 2012, 64: 79-86. _
[10] LI F L, TIAN Q, WU C Z, et al. Ejector performance

PExTLEFR MY, A SO AE TR A 5 T AR EE T o 32
Z/ANT 6%, AEEIL T I A,

[Z % 3 #f]

(1] FARM, 5k, RN, & R8RS et il
FAA- il AE AR B ML AT SR AT 0], 0K,
2025, 54(5): 92-101.

ZHOU Tianyu, ZHANG Yinong, XU Gang, et al.
Research on operation scheduling of cogeneration units
coupled with heat storage tank considering peak shaving
ancillary service income[J]. Thermal Power Generation,

http://rifd.cbpt.cnki.net

prediction at critical and subcritical operational modes[J].

Applied Thermal Engineering, 2017, 115: 444-454.

LIU Y, YU M Q, YU J L. An improved 1-D

thermodynamic modeling of small two-phase ejector for

performance prediction and design[J]. Applied Thermal

Engineering, 2022, 204: 118006.

ZHOU Y F, CHEN G M, HAO X Y, et al. A theoretical

model for performance evaluation of a novel configuration

of supersonic ejectors[J]. Applied Thermal Engineering,

2023, 231: 120867.

[13] 4852, Kk, RTHE, S5 BEin I CO WU ds K4S
IR ST [3]. 377 LAR %4, 2022, 42(6): 559-567.

[11]

[12]




5 3 40

B TR GBS AR SR A A S S i 63

[14]

[15]

[16]

[17]

NIU Qingyu, GUAN Xin, SONG Ziye, et al. Optimization
of key structures for transcritical CO2 ejector[J]. Journal
of Chinese Society of Power Engineering, 2022, 42(6):
559-567.

ZHU Y H, CAI W J, WEN CY, et al. Shock circle model
for ejector performance evaluation[J]. Energy Conversion
and Management, 2007, 48(9): 2533-2541.

LI H, WANG X D, NING J X, et al. Numerical
investigation of the nozzle expansion state and its effect
on the performance of the steam ejector based on ideal gas
model[J]. Applied Thermal Engineering, 2021, 199:
117509.

SLESSOR M D, ZHUANG M, DIMOTAKIS P E.
Turbulent shear-layer mixing: growth-rate compressibility
scaling[J]. Journal of Fluid Mechanics, 2000, 414: 35-45.
IMEME, &3, EFHFB, 5. 350 MW i FHLAE AT
T2 P8 Tl A2 A K LU 5 R B0 B0
UE[I]. HRAb s K22 240 (H 2R £ AR), 2021, 48(3):
98-107.

SUN Bozhao, YUE Shuang, WANG Chunbo, et al.
Numerical simulation and test verification on industrial

(18]

[19]

[20]

[21]

http://rlfd.cbpt.cnki.net

heating performance of adjustable steam ejector in 350
MW supercritical unit[J]. Journal of North China Electric
Power University (Natural Science Edition), 2021, 48(3):
98-107.

PIANTHONG K, SEEHANAM W, BEHNIA M, et al.
Investigation and improvement of ejector refrigeration
system using computational fluid dynamics technique[J].
Energy Conversion and Management, 2007, 48(9): 2556-
2564.

SHARIFI N. Axisymmetric and three dimensional flow
modeling within thermal vapor compressors[J]. Heat and
Mass Transfer, 2013, 49(10): 1489-1501.

GUO Y M, ZHANG J X, MA S X, et al. Coupling optimi-
zation design of adjustable nozzle for a steam ejector[J].
Applied Thermal Engineering, 2024, 252: 123550.
KUMAR V, SACHDEVA G. 1-D model for finding
geometry of a single phase ejector[J]. Energy, 2018, 165:
75-92.

TEGAE A% R




