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Optimization and Comparison of 3-D Model of Steam Ejector with
Non-Equilibrium Condensation
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(1. Zhan Tianyou College of Dalian Jiaotong University, Dalian, 116028, China; 2. Bingshan Refrigeration and Heat
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Abstract Steam ejectors are vital components of ejector refrigeration systems and have attracted considerable attention owing to their
energy savings and environmental protection. In this study, steam ejector models were optimized, validated, and compared by considering
the three-dimensional and non-equilibrium condensation effects. The simulation results of the optimization model were compared with those
of the ideal gas model. Based on the condensation model, the effects of the turbulence models ( Reynolds-averaged Navier-Stokes
(RANS) and large eddy simulation methods (LES)) on the simulation results were studied. Complex flow phenomena captured by
different models, such as shock waves, non-equilibrium condensation, and boundary layer separation, were compared and analyzed. The
results show that the optimized steam ejector model can credibly predict the ejector performance and capture the complex flow phenomena
inside the ejector at the lowest computational cost. The maximum liquid mass fraction obtained using the large eddy simulation method is
lower than that obtained using the Reynolds-averaged Navier-Stokes method. The maximum relative deviation against experiments of the
entrainment ratio was obtained using the large eddy simulation method of 11%. The condensation model reduces the average relative
deviations of the entrainment ratio and critical discharge pressure by 72. 0% and 29. 9%, respectively.
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ZEVRMURS A5 P A VAR TR BRI 2695, TE A
FOMEFENLARAE" " o 7E Tl il & S0, 1% 55 v ) 3K
S AR 20 ) v 2R GEBOR AT 5 1T RESP R TR
IKHEE IR RN 22 A | a] R 28 MU Ve R G T
e TR, HIZE IR AR A M2 VR A% U 4 AL,
U/ L RETHAE AR

T AR LS W i FZ o B AR R R T Bl
PR IAFAE , 28U AR S 9 BT AS (R R A A
BFISHITRAL R FESE B XE LI H A i R E A7
RABFSE T Je A 75 S I A v 7 1 59 BORS Af

Wik F 351:2024-02-20; 18 8] H 1 :2024-03-18; 5 1 H 11 :2024-05-07

pv /1R M VD 2 g T e T e SN B e o L e
AR B0 S B0 1R 22 [ 50 1 G 12 gk ok i L A 0L 45 F I
Vs S5 IR ES U = N 1T R A I 5 N ve s M P
TR f N 2 2R T s IR i s LB 5T (ERT 1
Shy 56 UE R (R 0L 07 9 A o R 4R 1 TR A T AR
i1 RS TE R (A R T S LA b B A
TEAL S50 ARG, 38 W] RS2 50 5 2 AN A, 4l
AT AR NS 2R SR, 0 Hatb A 7w iy
A2 B 2% PR AT T SOV A i R 4 2
T A B0 58 ) BEAS S 4 (AR A

— 131 —



%46 % 2F 4 1)
2025 4 8 A

il v 2 4

Vol. 46,No. 4
August, 2025

THE AR T 27 b X it 3t 1) Ak By A B AU
P4 (direct eddy simulation, DNS) J5 3% . K I 1% 411
(large eddy simulation, LES) J5 7% S 75 o ~F 34 Ty %
( Reynolds-Averaged Navier-Stokes, RANS ), DNS &
o A AT i A5 B T S 4 oK AR T I 2 B Navier-
Stokes JyFE, HAR AT LLARAG i A R B9 T U ok 30 15
BEIFRAR R, M ek N TR A a0, H
BT LIS FH T WS o i KB AU T 50 RANS A LES,
o RANS 5w M, Hp 028 N-S J5 P2,
IS bk S (B AR BRI {8, R BEAS 245 R 1y
P06 A U A 5 WP . TR LES vh R ik 3l
B Bt FOR /N ksl xd KRB ik sl iy
YEREATRLRR I . LES AR DL i g v iR A5
NS SEAE I AT DA R R TR IXORUE
MK I AE B, Lo B i i 07 4548 5 2O B 4 2
] N TE G R AL, TR, (] LES X 57 55
TR BT 9T 32 BB 2 2 1 O, — L
P SR L5 0 23 AU S A AT BB AU
270 VEECBLAET A LES BT T M s K
SRR S, B T TAR AR | B AR R A
ML SR, A, Bouhanguel 55" Kt 25 S W% 5 44 1
LES 2558 5 n] AL S 56 45 R b A7 % b, 45 2R 3R
LES 7] LSRG 55 32 A i AR I & 3805 | 56 it A+
HARFBIETEIR G = B Brh & AR WU B AN AR E M
SR, RIS 7 V5 1 AR BN I 8 K AV A e
SERYZEVBUN A% (A — PR R

IR A% 7K 28 28 D Tl 9 e o T 114 1255 75
AR AR 12 A v 7K 2 OB W i 58 0 P A 2
BEA X MNP A 1 R TR W e N R A i 3 A
REXS 7= BB P B2 B 4 L b A
BRET SR I AR AT 2R PRI A R 4 O 1 32 3
AL FIE SN . BIFFE R R, 7 7 S U e R
A BELS WO , HORIAR AR 25> 3 B AL & B9 20 A A
[F) 5 TR 45 3 O 1S 47 0 306 ) ¥4 R It ) 46 I, ) LA D 7
He KBRS W% . Yang Yan SIS B T B 2
FNAR AR X Z8 e S A% OB A5 R 4R R
B AR SRR 5 R T Z8 VR ST e Mt e b 1 I K R
PR, Al T A A B0 T AR Y Sk A, T B0
AT A T 2 22

UTAE SR ZE VRIE S # BE AL A AL 5 X Lu B 5 5 i
TARZAEFE WU (HAHSCHIF ST i 3 2 VR #
fRT Ak Ry — 4R AhX FRAE AL K K Z8 Sy BRARASUAA
T Z8 W68 5 = 220007 0 B3 235 2000 Xof A 40L 235 SR i) %2 52
Wi, AR SCIRIIN 25 58T = 4R AR gE 4 L4, AR
A HAETF R L T 28 I AR R, X b T A

— 132 —

BN AR B PRAR SR BI RN A R 25 R T
BRI SY TR HE3 J7  (RANS) i 6
i AR (B k—e 5 RNG k—e B AR k-
o A SST k- BIRY Gb i SST B ALFIH 18 I 1A%
)RR B 7 1 (LES ) SR 45 S 5 mi . BFoT
BRI ZE IR 2 N R 2R B RS M s L4 5 T
DAY 548 2Z 18] (%) PN A8 G R S i HILER A 5 42 3t 1
Tkl AT,

1 ZRB S =M ERE

1.1 #HFRE
e ] 4 sh B AR S TR SR i 3
HEFIRE ST E TR0 A -

a
—(pv;) =0 1
axj(m,) (1)
d 9T, Ip
—(pow,) =—2L - = 2
axj(pvjvl) dx,  Ox; (2)
9 9 aT\ @
—[v.(pE + =— —| +—(v,7,;,) (3
e [oE e )] =) ) )

IRFERES MRS T R =B 4 B )

SRR,
p=pRT(1 +Bp, +Cp.?) (4)

ZEVRMUK I T R AR RN Z YRS FVRL R AR 2
(5 R R L SCRR

BRI P AR T RS I B, /N B 2 ) 28RS
BIJCRR A, B, T,= T, ,p,=p,,v,=v,. 1HERHE
FRAR/IN  WAH S B K TS, I, 287700
BREN .

p=p/(1 =) (5)
) BB ZER ALY S EL
p=¢p+¢(1-B) (6)

BT R AL bR 2R HE ST BT XV P AR & Wy Y %
iR, Hedanis Oy R (7) AR (8) 2 il il 1k
AT 53 B8ORS PR AR A

div(pZB) =TI (7)
div(pvn) =pJ (8)

KA T VORI, SR PRI AL T8 )25
AHRIRZS . KA BESS Bl 12 B O IR B T
RS WAL R B R BEST I B W i
SR KR T—E R IRE T, K211
I3 FVERID T B P RH LR AN 7 2R 5 TR BB
or TR (eSS ) Yt A 5 0 2B 4 K 78 LA RE
BERNG L AR S BEE , f WT R AR R S AL R Y i T
PR, e A P AR e A R T 2 3o
IR . F9) A 1 IR H A



Tk F4 4
2025 4 8 A

ZEIEAR 45 AR TR AR P B RS — AU S5 X [

Vol. 46, No. 4
August, 2025

A RO o (B 2 RS RGR IE B) , 55 2 TR
JUAZ e R R e (TR R

4 o7
=iy ==, = —mpJr, + dmpi® - (9)
3 at
P (p) 20 (4wria) (10)
T\, o w P T\ BT
Ui P (11)

T (1 -B)V,(p/p,)
v, BT

V=) (12)

PN, AT () As(12) Béar
HeF .

7 3B
F= 3
J%n(l -B)(p, —p,) (13)

KR ZEEANTT 2 A L Young-Gyarmathy
W AR
or p y+1

r *
= Cl(l __)(Tsat _T>
9 h.p/2wRT 2V F

(14)
1.2 W R&H
1) A RS UG B 2 5 B, 9 0, I3 i
S SEHE O RE O MOER R E K R B O WIER S
B, RS H RIS IR AT , 25 TR R 1 5
¥y RSERAHESEIEA Chen Y. M. 2517 B¢ 5t
I IEER RGeS, a1 121 R,

@gﬁl}ﬁﬁ /4
Y -
oloPs /_ #n
<0 A e
GRS e TN
" : 70 172.0 [107.07] 7"
N 1
&R BA7: mm

1 W ;2 152 %53 TRA 54 T HR .
1 ZRBSSRNERE R~

Fig.1 Structure and size of the steam ejector
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Bwe p,/kPa T./C  p/kPa T/C p/kPa
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cf 19.6 61.6 1.3 10. 8 1.4~2.9
df 24.8 66. 8 1.3 10. 8 1.4~3.2
be 15.5 56.2 1.0 13.2 1.1~2.2
ce 19.6 61.6 1.0 13.2 1.1~2.6
de 24.8 66. 8 1.0 13.2 1.1~3.3
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Fig.2 Grid partition of steam ejector
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