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(P il g aSus anlllas Y
odlatwl [0+] Saa Jib o505 sleedly 5l omiwylael cus
b gl calonis 03,9l V IS5 13 S5 ol dlel g dwtin 9345 o
Jebos 3)50 4 Cilisee (slaojlul b Soan J3U S (o elio &
g Verre Jold Lgio aSud Feoee Jol cudy aSud cd)S )3
S5 Gl a5 48,8 a5 > Slabmo Jobo Ve ooee Joli 3, 4505
|y Sl Lyt flo sas a8 dw 5o IS syl cans YU 5 Y
s sy 45 anslodlidl 3lis] LIS a5 olSim Lol £ilosls sy
ol cCasloaly 4 i oSy Elo das Hlade (Kb 4l 90 @
b bwgie aSd oS W o ol A alisee gbaojlul b o)y
b 4i8)S jlai )3 iy 4 lgis 4 Wl oo ¢ Sluwlxe Joluo Voo
03 ol )3 SMag BB g (gudne 3 i) Sl & S &S 1
ol 0)l8 bawgie glad g 5Lt @5 gl dulie T S 255 00
oUW dwdid joo Dol 0 1y o0 laedly 5 (g3ae (gilwand
sobolen Cuwloas &)1 JSE 5 J3U (639)9 ) by baulpd aed oo
Sgd )35 9 Casbyn g 0ylad gl plad (m iy 09 o0 odalis &S
allssl Jbs cpl boogh callee oy sloodls b o & HES
OOk )13 329 (225 sodld g (o34 (ilwand S (i (S
IXIN J) 58 b 35 Sl 28 @l 5 53 b (o (oo (s>
4 cllpsl Lol LY ol Z FIA 5| 508 o)kab lawgio glads lys
355 Sl o 3o clp lulyd o5 (1) e 254 o
S22 5 Bly @l )3 Sl g Sl s talejl ol8s g ool

2 e silwandd (gilwoskw (glp lbgiae 5l S (V) sl salgs

Yooy

v

peiias (6330 (Silwand U TS ,5n albS gleans us,
2)8 ol J3U g5)5 slaglyr wis siledss Gln Gl
@ ag by skl S Jip, (Saasl Jas 5l Giagn ol 5
odlasw! A.))‘.AJ‘.L»‘ a)lxj é.gb' )'1 (\N' < y+ <Y- ') u"MiLS|9 IAPRC S

¥ o V] Canl 5 2 4 Jio ol Yoleo Culods

0 0
a_t(pk )+57j(pk”/):

EA[ALAN ™
ox o, )Ox

G, +G, —pe-Y,, +s,

0 M | Os
— + ||+ &— .
ox, I:{ﬂv O'ejax/} a )

82 &
—+C, —C, G, +s
pczk+\/; e T3ep e

[¥R 5 Y] ) S 0 (Siaisl Jdo ol )3 39390 slacal § ol jle

Cawlodds ul.u 9 uﬁ).’.,o

Reynolds Strees Model (RSM)
Large Eddy Simulation (LES)
Direct Numerical Simulation (DNS)
Realizable k-¢

Standard wall function

wm A W



YEY - BVFe) aoio AF ) Jlo )Y o)leds OF 090 ¢y puol Sl widines &y i

. Coarse mesh

Medium mesh

1.715

Sl o asil (I
A) Coarse mesh

bowgie 4500 (@
B) Medium mesh

Fine mesh

Ryl (@
C) Fine mesh

1.8 1.8
P,=13.83MPa, T=674.42 K

1.6 - —4 1.6
= i ]
E
Q
0
g 14 - —1 1.4
=
£
[+)
m - .
=
1.2 —1 1.2

______ Coarse mesh
Medium mesh
—_— — Fine mesh

1 . ] . l . l . ] . 1
0 0.02 0.04 0.06 0.08 0.1

X (m)

305 45l (0 9 laawgite Al (0 s> s (T 1 8s Jols Flo i 15900 5 ,9lS .Y JSUS

Fig. 2. Contour and Mach number diagram obtained from A) Coarse mesh, B) Medium mesh, and C) Fine mesh

Y5eA



YEY+ B YFe) diwo MY JLW AR D)w‘a\c 0,93 ‘wfﬂﬁl&)&nuwwduw

0.5

0.2

0.4

o=13.83 MPa, T= 67442 K

= E
o 0.3 =
o T
-0.1
0.2
B Single phase flow =1 -0.2
- —————— Numerical simulation ]
- [ Experimental data i
0.1 b—— ] PERTETI R I P ] I I N 0.3

[0+ 15225 (slooals b g2 o (smium kel ¥ S5

Fig. 3. Validation of numerical solution with experimental data [S0]

Siye by =V Y
Sire byd caslord SV Joun > alins (939)9 (5500 bulpd
T 2 ol &5 Cwlad a8)S L S 4 (298 L
o)l323 59y 2 9yt 9 L0 pis giye Laalpd piomen L Cgol)
315 5 (1)) gole sy pu &S Casl 83 & p3Y ehors Jlosl U3t

al o ply iU 69959 33 (V) mlo slbooylad

Ao (63959 (5550 bl .Y Jgu

Table 1. The inlet boundary conditions of the problem

Th(K)  Pop(MPa) s,
PYRIFY AT \
ZYFIfY VV/AY Y
FEYIEH YY/AY A
PYRFY \YIAY f
FAFIEY YY/AY I\

v54

09 5 lye @ J3U laoylys Jle plgie 4 cuslord a5 b
5 278 Oialef] Sliaaas Cuabad pie 4 da g b cplply sl glite
2 Glwded guld o (055 glaodly o Blsdl (gdas Jao cudgize
9 )L.u.‘? C-’)?‘ ol LS)L”M C.’l» ‘u:l » 09M$ ! L'J}o.uv RPREIY
b callas oy sboodls Kgy b 56 jeme dlael 3 0knd lawgie glads
Onlegy onl 3l GBS CusBge 385 dniba 4 3890 Jio (izmen
@ ilodnd by & Mmoo i g 1S e wl ]y odne e s
S S Oy Gile gl WK Gy plagh ol 0 43,8
Sl plosl BB s 56 5
w0l b5 i > B Jae g w0k gilw]ae il pluebl I ey
83939 )b 9 Lod dw ) Aliuss (6399 bulyd il )y o S
039) (65p0 Lol b Caond ;3 g dald] (3 4S5 .5 o )8 oo 3,90 Cglite
awlods 4,3 L5 53 T HBu (63959 Jlw 45 ol D 4 23Y Canlons
SYoleo plod osilo 8L (sllas (glp Vo 5l 508 o, Ken Hlro ¢ puien
5 (B 02 (2) 62959 O o2 o Bl lad g Cunlord jlais

e Lol ) 568 (wle 5 )50 oy 20 9058) (295



YEY - BVFe) aoio AF ) Jlo )Y o)leds OF 090 ¢y puol Sl widines &y i

AT (K)

662.45 K

-43.5

-65.4

674.42 K

-52.5

-17.5

686.43 K

-53.5

-35

-16.4 2.2 20.8

-21.5

-27.5 -2.5 22.5

BliSw (53959 sled ;3 dpw §ad 4> ¥ UK

Fig. 4. Supercooling degree at different inlet temperatures

G s aljtid 30,8 3039 cslas L b 0 S s
Ol SASIEY K 4y 55Y/%0 K5l 09y9 cslo &S ol il
ol buls 793 Cuow & Vo/YA MM 2IEs agl Cusbse canlazdly
yol ol cwlasly J&si oo/ Y mm 1S 4 YF/AY mm e 5l e
J3U (69978 52 Dy (38 43D (6399 (slod yiulj8l b &S el Ly cpl &y
St sl 5 JStie GBS &) () Sl ol 3 cpalplis g 4l 2alS
3 g0 &) 9550 9 (ol 23], & oo s s 3 e 5B
w8l o B iy ol 1 LSS 0l (99909 o> 3 el ple
29> boslad glad (g39)5 slod LEaS L PSS 4 aa g b
a FMIEY K5l (03959 slod ials b cdls cpl )5 calaisl, i3l
Vorx Ve m los ks bhwge glhd op e SPYIFO K
Uil L oS sl il ol el U el Laal38 ¥ASx) - 4y
Cuo b baoylad el le (slmoylad S puw JSUt5 dms 53 9 (6399 slod

cubrial (295 alato U Ad) Car < pLiw

cou gl -¥
OB byl 2 39)5 lod S -V =¥

slaled )3 ol s (GHlSe 12158 5 (63959 slod 1L oy 2
26,5 5 Lo 350 WAY MPa el )Lt 5 calisko

$29)9 Slod & (oEin 9 o0 odalia ¥ S5 13 oS psblen
@ Fape a9 039 Sube JJU 63909 3 Oy (B98 42> sl Sl
b 5 jokate sy o ] Qi AT )8 52T a03Y &S 3w g Cls
oo JLid o ol gladl (glod I lu (slod oS ol o&in 5y 368
Sy g8 42> (W) ey b i 3 5 (T <T(P)) ous oS
)3 Gy jl o il (AT > ) o | 555 (5)lie (sl
oS o AT (IS S5 g5y > 4 ko 5t 42 3 (B5B
CanldiBly il dp (595 42p> By glod Al i )3 5 ol
B9 42> JMie (pPoke «629)9 sled GRIPEIL & g5 e Mo

Caolazdly ol3al s

Y.



YEY+ B YFe) diwo MY JLW AR B)w‘a\c 0,93 ‘wfﬂﬁl&lsnuwwdu)w

25 25
20 |- — 20

o [ i

Lo 15 | — 15

£ - ]

= s 1

= | |

g 1w} — 10

| | i
5 s
°o 0.02 0.04 0.06 0.08 0.1

Wlod CaliSws (63959 40 (2l jdmd &y ok )50 .0 S

Fig. 5. Logarithm of nucleation rate at different inlet temperatures

ry (um) - -
0

0.054 0.108 0.162 0.216

' 662.45 K '

—
E R
0

0.047 0.094 0.141 0.188

' 67442 K N

|
0

0.0385 0.077 0.1155 0.154

| —
' 686.43 K ! p——

s 82959 leﬁlnb ) D)Jaé .\a.wg.’in &lx.w b Jﬁm’

K

Fig. 6. Droplet average radius at different inlet temperatures

Y299



YEY+ L YF) daxmiw NF-) Jl.u) AN b)lo..u.' oY 0)93 ‘)Mf).m‘ L_gu_rlSw L;“’*\-‘-@(" 4:)..“.3

0.1 0.1
[ o e6245K ]
| — 67442 K |
oos | — 686.43 K 0.08
0.06 |- 0.06
= |
0.04 |- 0.04
0.02 | 0.02
o Ll A,
0 0.02 0.04 0.06 0.08 0.1
x (m)
BliSe (63955 b O 2l 03 S Y ISS
Fig. 7. Liquid mass fraction at different inlet temperatures
2 2

| —=—— 9.83 MPa
11.83 MPa
———o—— 13.83 MPa

_—

S()

0 e | |

0.02

0.04

0.06 0.08

Bl (63959 (S Wid jd gl 393 4> )3 A JSS

Fig. 8. Supersaturation degree at different inlet pressures

OB o)l (6399 jLi8 BI-Y ¥

lylizd 3 Ol s (Se Wl b 1 (63959 5L 3l )y can
25,5 )5 uboo 3y50 SVE/FY K ol (gles 5 cilieo

Lg.)a)s )LMS Y @Kﬁb ‘.)9.\:3@ assMe A Jiw ).) Y )9]0‘)[015

& S By g odg Sk iU oBolS o eludl 595 4> >l YL

OBl s 4y 0)lad bawgito glad (Al g lo 51 Sy JS5TL

b Gl (il mle (o2 puS Y S allae 9399 slod
robe ool wlosd Job Jib (29 b 0 ple e S e
SEYIE0 K slos slp g YAFA 7 SVE/EY K glos lp e

ozl il38l SASIEY K glos 4y cas 74 54 /VY

Yoy



YEY+ B YFe) diwo MY JL‘“ AR c)l,:..;'s‘m‘ 0,93 ‘).M.g).mldul_inuwwdu)w

Log,.1 (1/m’s) [
0 4.5

9.83 MPa

11.83 MPa

13.83 MPa

9 13.5 18

22.5

AliSwe (63959 W, Wi8 10 gl jdiwd &y o 50 A4 UG

Fig. 9. Logarithm of nucleation rate at different inlet pressures

PG 63909 )Lt )3l sl B 4 sy ol )3 iy
a0 &) Py o B JSi

9 laojhad lad ((639)9 HLid GBI LY S 4 i L
i (2op 2 ojhd bawgie glad e ()5 Cunlal iulj8)
Z VAN WA MPa Lis clys i oy cpl Caslosd Juols
Sials WAY MPa jlis 4y cous /- V8/-5 &IAY MPa jLis ¢l
dxByd g (8999 Hid Lhals b S cul cpl el opl s cawlasdl
U by Cu nS Cuoyd brojlad (ol ol slaoslad 5> JSuis
Cabialg >3 alais

Gl > & 0 )lad Lawgio glas (38l g wle B S e St L
ol g cenlaly Ll wlo (oo puS Y JSS Billas (6399 5Lt
eroi OYIAY MPa 4 a/AY MPa | 39,9 5Lis a8l b cdls
s aoldl (b8l /FOXN T A YV Sl ple ey puS
@ Sod5 ond LSS mle soys S g8y sl Liul38l Y MPa

Cuwlods ﬁ‘ﬁ 92

Y&y

bl jgkate oy o il (B a0] 5 51ET a0jY a8 glusl 398 cJls
o (sles 5 ol glusl )L §) ey )Lt oSl _olSitm glodl 3
bl 35 423 (F) dlally il e 3 9 (P> B (T) 00 5t
598 4253 a3l g 1Bbe (S >) Gl 5S35 (s)hde )b
oS o SNl IS Sad ggfy b 0 Jde (e« gl
Eledl (398 ay> cgludl JLid (aljl a1 9 )l5u slod al33l (ol
Pl (8099 ks Lhals b S 2ad o sdalie (Cusladl  ials
Caslaidly (Ll 81 gLl 568 4> )5 Hlade
Cawd Vb & GBS Cubgo (639)9 5Li8 Gl LA JSS Billas
g Lo cls pl o cslody &y pmyw oljdiws g ond Jate by
o5n b e (R (29,3 Elo dde g Sy (BN (25 Sl
Eopd canldidl 21381 \Y/AY MPa o 8/AY MPa | 5349 ,Lié o
S asy FY/FY mm e 4 £V mm e 1 oliais
Casl Jdd cplay yol cplicaslonds Jatie Cawd YU Cows 4 YY/-V MM

5 48l SRl J3U (69959 > gledl (398 42 )3 (53959 5Li8 Lol b &S



VIV e BYS) asmio OFe) Jlo ) o)lad OF 059 syl SlSo siige dypii

0.15 0.15
- — e 9.83 MPa 1
[ ——=—— 11.83 MPa i
—_— -
o012 - 13.83 MPa 012
0.09 |- 0.09
E |
= |
0.06 |— 0.06
0.03 - 0.03
0 0
0 0.02 0.04 0.06 0.08 0.1

gﬂ’féud:,,g ‘_glh)w)b b).)as Jaw,?.o 8l:.~.0 AR ‘_IS.M:

Fig. 10. Droplet average radius at different inlet pressures

va ) | i
0

0.0068 0.0136 0.0204 0.0272 0.034

11.83 MPa

0 0.013 0.026 0.039 0.052 0.065

13.83 MPa

BliSe (63959 LD > bo 0 S )Y S

Fig. 11. Liquid mass fraction at different inlet pressures

YEVF



VAV LYY doio 0F ) Jlo ) o)losd @F 0,93 S yuel SilSo psiigen s

900
800

o O o o O

Entropy Generation Rate (W/K)
o

700
60
50
40
30
20
10
. | | N O ] ]
1 2 3 4 5

@,

JS (29551 Adg5 £ 55 9 Lod ¢ LB Ol 51 U (9551 Mgi £ 55 VY U

Fig. 12. Entropy generation rate due to pressure, temperature changes and total entropy generation rate

Ol 338 9 (2951 Mg £ 5.Y Jgso

Table 2. Entropy generation rate and the Bejan number

Be(-) S, (WK) S (WK) S (WK Typ(K) Po(MPa) g3,
<YV \ARTAREN V-V /POF IARIAI ZYEIfY A/AY \
DARE AMEIOO av/Fay YAZIAOA ZYEIfY VV/AY Y
RAA ISAIRNZ4 IAIARIA \ARYAAR 72YIF0 VY/AY Y
«[+_Y INEIARAY AY/fa4 YY#IY A ZYEIfY VY/AY ¥
ARRE AAY/EPA Voeofer¥ Yay/s#y FAPIFY VY/AY N

w955 g5 £ AYIAY MPa ol jLis p Lo al36l L Y S
2 kid Gl L seanladl, aljdl g3 a jLid g Loy it 5l (a0
5 Lials Loy s 5l b gyl Wy 5 SYEIFY K cob (gl
0 5pS snl b scanlaidl (ol L8 Syt Sl (3L gl g 25
5 U5 (note 4 bape bod Sl Sl 26 981 g &5 i
2L Syesis 51 (36 o955l Mg 255 Oliee S 5 05 o> (S

SEYIED K 51 Lod ial3al b eoppioman cal b g Lod s 55 & bogyye

Y&0

Ol 2de g 29y8] 15 sy Y ¥
9 (Spunar ) 8 (S ) o> Slousis J (86 51 5 65
IS5 53 el e 53 cul gamo lp oS (S, ) IS (ool Mg 65
93032 Sipe by g by Cunle cwdin 4 dv g5 b .calons 03,91 VY
bod s 51 (36 (931 g €59 sl Gillae <3 ol 59,
ot ol (S orap > S ar ) sl 326 ,lib Slyis Lo 5

¥ s il .l jlid Sl s 4 IS 95l W5 £ stes



VIV e BYS) asmio OFe) Jlo ) o)lad OF 059 syl SlSo siige dypii

ol Gibghy pd aSl & dagi bty g0 Jlaiay ()90 el plenl,
odlisal Lol 4 (93935 Jlew Olyis 4 Ol e S S Jls |
ol b (Jjdiz ©jgo &) b B (sludnnd (oxiw (Sl 035
(el D95 (poyp S Sgiagh ) Sy odd Bl e ]
Coa (i by Age (8,5 3 3 b dwdin cdm dw Gile e
390 03] ;D Wil o &S sl (63550 305 5l (gilwlin o]y pwyy

SR
e Cow 0 b -5

WK lad clsis 5l o8l 5T ol 25

gen AP

WK oo &l i 5 256 5T oss &3 S

- L - m
WK e 9,51 a5 o> 5 S
. . o . L. oM
Wim™ K olas ol sl oa0 e (9551 0y ez £ oo
[ als -1 o > 5 "
W/m' K bes @l 5 (50 (e (09551 adgi (oo &5 gen AT

s olej t

K oSt (sles T
K. Js sbo T

m/s (s o u

m . 3,5 olate x

m . g, olabe y

() b o2 5 Y,

(4) «sslodae il a

(5) «ssbodse 5ol s

() oy slale)S comd Y
kg/m'.s @l pr oy &5 r
Koy g az o AT

() o o o 125 0

LD S x5l Mg 55 OYIAY MPa cubs jlas s sAS/FY K o
sy > W/AY MPa 4 a/AY MPa | jLis (alél bosesl giolsél
<dly Gl 200080 JS gyl ade &5 SYEIFY K et

ae Canlosds 0dysl ¥ Joda )3 yloxe dde dulxe j Jols ol
lod el b amlodol oty s ) (S35 Lo 5 ol dod )3 o
G Lod @l s 1 (36 ogy5] Mgy 5 OY/AY MPa ol jLis
(Y0) sl 3o a3 9 &l (il St IS 98 Mg &5 4
SYEIFY K el clos ) jlid Lall b scanlaly, a3l ol sas
S5 syl W5 25 sl bed Sl Sl (36 g3l W gy
sl EalS o sas (Y0) dla, s aos ) g sl Ll
dae Hlde edls plas 3 aS pl & do g b wgu oo sdmliie a5 jobo Lo
Sl B Cos (sl Sy cplpl @29 S5 Jho &
el Ayl Jas b duglio )3 o SSla]

5 35 4 -0

DB ot iloand Caa (o) Jae Sl gk 0l
2 82959 )i g Lo Sl bl Ban b 1Sy — [Sen jlalia 5 )l
ol s 4o 5,8 eolizl e8] s o LIRS (ala el
ol ) b 4ol

S0 o (V) 48" 00,8 alas Mo ol )Lid j> (6399 (sled Lyiul38l L
s 9 0308l (3131 525 ol J31)8 (V) ey 0 0 (365 > o,
Cuo b odd JSis s @le slaoylad () ccunl 5 JSute WIS &
S5 (F) scusbaialsd 65 Se 8 glad g atih 13) Caa s FS
b Rl plo oy puS )l buwgio plad (ialS g plo jB 5o
S5 &5 a3 g )l g Lo Sl Sl 26 g5l Mg 25 (B) 5
sl (I3 S 5]

B (V) & wo)8 s Mo ol glod jd (43959 Hlid iolial b
S gy liais 3u]3 (V) cwye gl G9b b gy
S5 gy alo slooylad (V) il bl B & (e g 0313
wabbamled 6555 elad g atdly WSy Cas (e Cuoyd 0l
o S oad lawgio glad (il g mlo B Sa e S b (F)
5 otnls oo Sy Sl b 9,51 255 £ (B) 5 e G le
Caslaidly (I8l 5L Sl ) (36 (98] g &5

Soubo yolaie dy (6399 )0 YU HLid 5 ol (slod I ookl ¢l

Y515



YEY+ B YFe) diwo MY JL‘“‘\\ D)LM‘OV 0,93 ‘ﬁs)mldaélsnwwdu)w

(1978) 311-322.

[7]1P.G. Hill, Condensation of water vapour during supersonic

expansion in nozzles, Journal of Fluid Mechanics, 25(3)
(1966) 593-620.

[8] S.N.R. Abadi, R. Kouhikamali, K. Atashkari, Two-fluid
model for simulation of supersonic flow of wet steam
within high-pressure nozzles, International Journal of

Thermal Sciences, 96 (2015) 173-182.
[9] B. Nikkhahi, M. Shams, M. Ziabasharhagh, A numerical

study of two-phase transonic steam flow through
convergence-divergence nozzles with different rates of

expansion, Korean Journal of Chemical Engineering,
27(6) (2010) 1646-1653.

[10] A. Zhao, S. Guo, X. Qi, S. Gao, J. Sun, Numerical study
on the nano-droplets formation process from superheated
steam condensation flow effected by nozzle convergent
profile, International Communications in Heat and Mass

Transfer, 104 (2019) 109-117.

[11] A. Pillai, B. Prasad, Effect of wall surface roughness
on condensation shock, International Journal of Thermal

Sciences, 132 (2018) 435-445.

[12] X. Cao, J. Bian, Supersonic separation technology for
natural gas processing: A review, Chemical Engineering
and Processing-Process Intensification, 136 (2019) 138-
151.

[13] Q.-F. Ma, D.-P. Hu, J.-Z. Jiang, Z.-H. Qiu, A turbulent
Eulerian multi-fluid model for homogeneous nucleation
of water vapour in transonic flow, International Journal
of Computational Fluid Dynamics, 23(3) (2009) 221-
231.

[14] Q.-F. Ma, D.-P. Hu, J.-Z. Jiang, Z.-H. Qiu, Numerical
study of the spontaneous nucleation of self-rotational
moist gas in a converging-diverging nozzle, International
Journal of Computational Fluid Dynamics, 24(1-2)
(2010) 29-36.

[15] S.H.R. Shooshtari, A. Shahsavand, Predictions of wet
natural gases condensation rates via multi-component
and multi-phase simulation of supersonic separators,

Korean Journal of Chemical Engineering, 31(10) (2014)
1845-1858.

Yoy

WmK . 5,l,> colae oy A
kg/m.s o3 7]

(+) «st 00e V4

kg/m" (J5x P

N/M s 28 -

kg/m.s" ¢ b p i T

() eas oo )

V)8 S &5 @
&be

[1]J. Bian, X. Cao, W. Yang, D. Guo, C. Xiang, Prediction
of supersonic condensation process of methane
gas considering real gas effects, Applied Thermal
Engineering, 164 (2020) 114508.

[2] D.C. de Melo, L.d.O. Arinelli, J.L. de Medeiros, A.M.
Teixeira, G.V. Brigagdo, F.M. Passarelli, W.M. Grava,
0. de QF Araujo, Supersonic separator for cleaner
offshore processing of supercritical fluid with ultra-high
carbon dioxide content: Economic and environmental
evaluation, Journal of Cleaner Production, 234 (2019)

1385-1398.

[3] A. Esmaeili, Supersonic separation of natural gas
liquids by Twister technology, Chemical engineering

transactions, 52 (2016) 7-12.
[4] S. Dykas, M. Majkut, M. Strozik, K. Smofika,

Experimental study of condensing steam flow in nozzles
and linear blade cascade, International Journal of Heat

and Mass Transfer, 80 (2015) 50-57.
[5] H. Ding, C. Wang, Y. Zhao, An analytical method

for Wilson point in nozzle flow with homogeneous
nucleating, International journal of heat and mass

transfer, 73 (2014) 586-594.

[6] C. Moses, G. Stein, On the growth of steam droplets
formed in a Laval nozzle using both static pressure and

light scattering measurements, J. Fluids Eng, 100(3)



YEY+ L YF) daxmiw NF-) Jl.u) AN b)lo..u.' oY 0)93 ‘)Mf).m‘ L_gu_rlSw L;“’*\-‘-@(" 4:)..“.3

of condensation and normal shock wave, Energy, 120
(2017) 153-163.
[27] A. White, J. Young, Time-marching method for the

prediction of two-dimensional, unsteadyflows of

condensing steam, Journal of Propulsion and Power, 9(4)
(1993) 579-587.
[28] A. Gerber, Two-phase Eulerian/Lagrangian model for

nucleating steam flow, J. Fluids Eng., 124(2) (2002) 465-
475.

[29] Fluent, Ansys. 21.1 Theory Guide, Ansys Inc, (2021).

[30] K. Ishizaka, A high-resolution numerical method for
transonic non-equilibrium condensation flow through a

steam turbine cascade, Proc. of the 6th ISCFD, 1 (1995)
479-484.

[31] S.L. Girshick, C.P. Chiu, Kinetic nucleation theory: A
new expression for the rate of homogeneous nucleation
from an ideal supersaturated vapor, The journal of
chemical physics, 93(2) (1990) 1273-1277.

[32]
correction to homogeneous nucleation theory”, The

Journal of chemical physics, 94(1) (1991) 826-827.

S.L. Girshick, Comment on: *“Self-consistency

[33] M.M. Rudek, J.A. Fisk, V.M. Chakarov, J.L. Katz,
Condensation of a supersaturated vapor. XII. The
homogeneous nucleation of the n-alkanes, The Journal of

chemical physics, 105(11) (1996) 4707-4713.
[34] C.C.M. Luijten, Nucleation and droplet growth at high

pressure, Eindhoven: Technische Universiteit Eindhoven,
(1998).
[35] G. Lamanna, On nucleation and droplet growth in

condensation nozzle flows, Eindhoven: Eindhoven

University of Technology, (2000).

[36] J. Young, Spontaneous condensation of steam in
supersonic nozzles, Physicochemical Hydrodynamics

(PCH), 3 (1982) 57-82.

[37] G. Gyarmathy, The spherical droplet in gaseous carrier
streams: review and synthesis, Multiphase science and

technology, 1(1-4) (1982).

[38] J. Young, Two-dimensional, nonequilibrium, wet-
steam calculations for nozzles and turbine cascades, J.

Turbomach, 114(3) (1992) 569-579.

Y&

[16] S.R. Shooshtari, A. Shahsavand, Reliable prediction
of condensation rates for purification of natural gas
via supersonic separators, Separation and Purification

Technology, 116 (2013) 458-470.
[17] S.R. Shooshtari, A. Shahsavand, Optimal operation of

refrigeration oriented supersonic separators for natural
gas dehydration via heterogeneous condensation, Applied

Thermal Engineering, 139 (2018) 76-86.
[18]

Investigating the entropy generation in condensing steam

M. Vatanmakan, E. Lakzian, M.R. Mahpeykar,

flow in turbine blades with volumetric heating, Energy,
147 (2018) 701-714.

[19] S. Dykas, W. Wréblewski, Numerical modeling of
steam condensing flow in low and high-pressure nozzles,
International Journal of Heat and Mass Transfer, 55(21-
22)(2012) 6191-6199.

[20] A. White, M. Hounslow, Modelling droplet size

distributions in  polydispersed wet-steam flows,

International Journal of Heat and Mass Transfer, 43(11)
(2000) 1873-1884.

[21] E. Jabir, B. Dmitrii, A. Konstantin, H.D. Kim, Numerical
estimation of non-equilibrium condensation of steam in
supersonic nozzles, Journal of Mechanical Science and

Technology, 32(10) (2018) 4649-4655.

[22] L. Prandtl, General considerations on the flow of

compressible fluids, No. NACA-TM-805, (1936).

[23] K. MATSUO, S. KAWAGOE, K. SONODA, K.
SAKAO, Studies of condensation shock waves: part 1,

mechanism of their formation, Bulletin of ISME, 28(241)
(1985) 1416-1422.

[24] T. Setoguchi, S. Matsuo, S. Yu, H. Hirahara, Effect of
nonequilibrium homogenous condensation on flow fields

in a supersonic nozzle, Journal of Thermal Science, 6(2)
(1997) 90-96.

[25]

dehumidification performance with specific structure:

D. Majidi, F. Farhadi, Supersonic separator’s
Experimental and numerical investigation, Applied

Thermal Engineering, 179 (2020) 115551.

[26] S.R. Shooshtari, A. Shahsavand, Maximization of energy

recovery inside supersonic separator in the presence



YEY+ B YFe) diwo MY JL‘“‘\\ D)LM:‘M‘ 0,93 ‘wf)mldaél.inuwwduw

[45] S. Senguttuvan, J.-C. Lee, Numerical study of wet-
steam flow in Moore nozzles, Journal of Mechanical

Science and Technology, 33(10) (2019) 4823-4830.

[46] C. Wen, X. Cao, Y. Yang, Y. Feng, Prediction of mass
flow rate in supersonic natural gas processing, Oil &
Gas Science and Technology—Revue d’IFP Energies
nouvelles, 70(6) (2015) 1101-1109.

[47] C. Wen, X. Cao, Y. Yang, W. Li, An unconventional
supersonic liquefied technology for natural gas, Energy
Education Science and Technology Part A: Energy
Science and Research, 30(1) (2012) 651-660.

[48] Y. Yang, C. Wen, S. Wang, Y. Feng, Numerical
simulation of real gas flows in natural gas supersonic
separation processing, Journal of Natural Gas Science

and Engineering, 21 (2014) 829-836.

[49] F.R. Menter, Two-equation eddy-viscosity turbulence

models for engineering applications, AIAA Journal,
32(8) (1994) 1598-1605.

[50] A.J. Hedbéck, Theorie der spontanen Kondensation in
Diisen und Turbinen, ETH Zurich, (1982).

[39] G.H. Schnerr, U. Dohrmann, Transonic flow
around airfoils with relaxation and energy supply by
homogeneous condensation, AIAA Journal, 28(7) (1990)
1187-1193.

[40] A. Bejan, A study of entropy generation in fundamental
convective heat transfer, J. Heat Transfer, 101(4) (1979)
718-725.

[41] S. Paoletti, F. Rispoli, E. Sciubba, Calculation of
exergetic losses in compact heat exchanger passages, in:

Asme Aes, (1989) 21-29.

[42] P. Benedetti, E. Sciubba, Numerical calculation of the
local rate of entropy generation in the flow around a

heated finned-tube, ASME, NEW YORK, NY, (USA).
30 (1993) 81-91.

[43] J. Young, An equation of state for steam for
turbomachinery and other flow calculations, Trans

ASME J. Eng. Gas Turbines Power, 110(1) (1988) 1-7.

[44] X. Cao, W. Yang, Numerical simulation of binary-
gas condensation characteristics in supersonic nozzles,

Journal of Natural Gas Science and Engineering, 25
(2015) 197-206.

DOI: 10.22060/mej.2022.21370.7438

S. Yousefi, M. Changizian, S. S. Bahrainian, Numerical Modeling of the Effect of Inlet
Temperature and Pressure on Steam Condensation and Entropy Generation in High-Pressure
Separator , Amirkabir J. Mech Eng., 54(11) (2023) 2601-2620.

20 gl )l o (il 4 digSy

Y514






	Blank Page - FA.pdf
	_GoBack




