duaAll

IV e Laaie gy sadl ey e ool jlaiaWlg A g 3l e IS il il aa (e

EQ)MIMMLI . \_].nia..l.n]l.ln.w.a.n..llﬂ L':ﬂj'.‘l-:"l._ri_}l_:s__ﬂl \.:.ILIE_J.;I__):'.H -_ﬁ._;_;g:;i__jm_,mwll

u'}‘.‘.'l_t.nmJ ‘Lj'_'l.mllj_'l n.J\.l.J‘Jllk.g_]LHH'n_LLI_)H Jhﬂidhﬁua_)ﬂMUIJbJ1 _}L LL'EL

Ahadiul ad Caa ol il g Laad (i el SEl Pyl Caad Al S aladly ly

A glastia st Aga il SV g yas e atie ol Jhadll LT G5 aaly ) adll

Clead Ol yladll gail Hill z 25« 2e non- isothermal nucleation theory 5=l

FLUENT 6.3 gesl j gesin (34ka s il zasadll 10a clall Dl phad gl g JUEY) Jane

Alaa ¥ AN Cada i LAy e 3onill A1 Ay il J sl alall LYY Sga g2

Ay lassaelie — Ay e Sudlie g 30 () Ol ras Jala 2 I G daall ds sl

ol et il Jaall) K-g 72 sad pladiol Lgad o3 Al ezl Akl

G (03 5 e b s )l | Ol = (cas 3a) A g praall Ziliall e (gaand) Jall sl

JL]JngJJuJFuJLmMDMIBM_;IUAmJH "")lw.nlam

P

e ”ﬁ;;..‘ny_gjumn Tl e Fiatll AN (palua ol 65 (o ol e Sl (b
i E ¥ SN i ey 1) .

! pep

. "".d.;_" T ] 2537 Zadiall _}..:ni‘l Lu.;“ﬂ_-. delia — '-.J__jl.i.'l..n'._‘n.i.‘l..-(_l_’Lﬂ CJ‘}A.\.H i’l...n!_).‘m pla : ;
.}_'I SR P | ELR, 41

2] L‘ép ,.J'-"-% CJM‘M11Mﬁﬁ$wLmGh]=: 31‘-}“&‘:&?&“ ‘ .

/
AbsL

22 Q. Joogg it 4al3 Siale 452850 dis Giale 28.81 A8 0 da 2 AN el Lkl
A mdi Cllsatlay LAY A ) G dale 50 sl akdie 3ae 545,32

L Gasb oo Dadandl laaall il 5 5 bl Digital Pressure Transducers

5l adZll Cgudall 4 g% SUS ey Interface Alia gl A Slolaatal (a5 LAY

skl Cila &) Tl Be ) 8 g peali sl

A58 ga alael g wall e dall LG el jlhe i 5 dail 5 Sl (e Alasiuall 35l

il U8 Ay pactl g 4y il 5 gl bty Coad Sage clih) g5 o jedal SIS A giia

dlee A1y ) g Bl Ailaie A e TN Ay ) o BS Alaia ) iy Alia Al
PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

2258 Gaa FLudy) Aikic Llgd (s, e i Gl Akl (he x = 0.3 m sl
b g s e e ZBla (3 (38 k333 ke 35 k ¢ 3T K) syt s JAll o

Jeadd il Al B30 o 5all b o pusdl 3y 51 ¥ oms alifig sl Glo 5 5 ase

(Al Je (kls k3+¢2.5k s k6) a8

5 sdaill plpad g Jaraadl il 68 (e Al il da 3l Bl Al Slleadl o Ll

<l el paadl ey 351y Ul ciladl e J pandl ) g3 Al ¢ Ay il

g A JUE Ja ezl e Jlad) (303 o s e Al Al (e Calida

S5 pa da 2 5 )b 1689 otk (sl (IS ek oa Adaladiaa Loy pal 5 A A8

0.35 z4 adl a0 ladls jlaill Sl {aai g dasall A il (A€ 380,71 Addal

i Caeadig Jaraial) Aa uilS 30 caa il sl Laiw 15l e Tiiag 502 0.0165

At o pflida g3l of cuy S gl e Ty Sie 0,0025 50.328618 3kl

o g ge Sl i (A Sl e e ) Sl U s ey Cus JU

ke ) Al d il o cilia s Laip o ) e (0.0325 5 <0.0425 ,0.05) i s

sl e (0.03250.035 ,0.048) il Cadlidl ods g jaa 6 = 5l

A A S alae o Jal Janll 85 il cidliaa iy lad e A3 Cradiind

SR A a5 Leall cldes Ol as g sentropys_lus Sildas 5 43S s Al COLlas

(e ge 80 (1,082525 1.06645 ,1.12055 ,0.9627) »—S¥ &S ol )

| A e e g e ¢ i

okl gl pall Jia 3 K-g ol Y 73 paill alasind Sy 4l Jall Cuaglt el
[Fluent el se 8 Sloadl daladl ) glala meals g padiey Leaie Lo Y ) sdall AL
sl 28 3 o BSG  il Z 1l Jaall 138 el Lad 6,3]

§ AP T IR | A S

R

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

Abstract |

Abstract

The present work study numerically and experimentally the
spontaneous condensation of wet steam flow with the effects of both
viscous and turbulence on that flow when it passes through the low
pressure nozzles and steam turbine blades passages. For theoretical part,
Fully Eulerian approach has been implemented for modeling the two-
dimensional wet steam flow by linking Euler equations with equations
that describe spontaneous nucleation and those describe growth of
droplets. The mathematical model of modified spontaneous nucleation
based on nen-isothermal classical nucleation theory with Hill’s droplets
growth model is employed to calculate the nucleation rate and water
droplet growth. This mathematical model has been implemented within
the CFD code FLUENT 6.3 which provides the overall framework for the
present theoretical solutions of prediction the two-dimensional
compressible turbulent viscous wet steam flow inside the low pressure
steam turbine blade passages and convergent-divergent nozzles in whic

the modified K-€ model was used to model the turbulence, '

The numerical solution was tested with well-known nozzles (Moses
and Stein, Barschdorff, Meyer and Moore) and two different stationary
blades passages, blade A and blade B are taken from nozzles of low
pressure steam turbine,

In the experimental part, two test sections that were used to verify the
wet steam model implementation of this study .The first one is a
convergent-divergent nozzle with the dimensions (the nozzle diameter is
2537 mm, the throat diameter is 6.37 mm, the exit diameter is 7.23 mm
and the nozzle length is 50 mm). A pressure probe was used to take
pressure measurements at discrete points in the center of this nozzle. The
other is a two-dimensional stationary passage of two fifth stage stator
blades of low pressure steam turbine. The blade has the following
dimensions: The blade pitch is 28.81 mm, the blade chord is 45.2 mm, the
stagger angle is 45.32" and the depth of this test section is 50mm.The test
blade was instrumented with the digital pressure transducers which are
used to capture the surface pressure distributions by translating the signal
from sensors to the interface and then the personal computer runs the
program and reads the pressure for all taps.

The results obtained from the theoretical part were compared with the
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; showed good agreements with theoretical and experimental published
data. All the results obtained show that the rapid condensation region has
occurred downstream of the throat. At the upstream of the nozzles,
occurrence of the condensate mass fraction (wetness) and droplets are not
recognized. The onset of spontaneous nucleation is located at the nozzle
throat for both Moses and Barschdorff nozzles whereas this onset is
located at x = 0.3 m downstream of the Meyer nozzle throat.
Downstream of the saturation region a fast subcooling of the steam
occurs with maximum values (37K, 35K, 33K and 38K) in Moses,
Barschdorff, Meyer and Moore nozzles respectively. In the rear part of
these nozzles, subcooling decreases in direction to the outlet reaching the
values of (6K, 2.5K, 3K and 1K) respectively.

Viscous computations indicate that the viscous has a significant effect
on the calculated pressure distributions and droplet sizes, resulting in
average droplet radii and size distributions which differ from those
obtained by inviscid flow. For example, at the exit of blade A and for the
inlet boundary conditions of 1.689 bar inlet total pressure and 380.71K
inlet total temperature, the inviscid wet steam pressure ratio and droplet
radius predicted are 0.35 and 0.016 micrometer respectively, while for the
viscous wet steam the pressure ratio and droplet radius predicted are
0.328618 and 0.0025 micrometer respectively. Also indicate that the
viscous has an effect on the predicted wetness where the wetness of
inviscid wet steam reached in front of Moses, Barschdorff and Meyer
nozzles outlets the values ( 0.05, 0.0425, and 0.0325 ) respectively ,
whereas for the viscous wet steam the wetness in these nozzles outlets
reached the values ( 0.048, 0.035 and 0.032) respectively.

Three definitions of the loss coefficients are employed in the present
work, potential energy, kinetic energy and entropy loss coefficients and
found that the kinetic energy loss coefficient for inviscid wet was the
larger one (0.9627, 1.12055, 1.06645 =and 1.08252) for Moses,
Barschdorff, Meyer and Moore nozzles respectively.

The present research verified the possibility of employing the K-£
turbulence model to represent the turbulent two-phase flow especially
when developed program for the thermodynamic analysis flow (Fluent
6.3) is used. Also this work showed that the theoretical results can be
consolidated by experiments.
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